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The article examines laser scanning technologies as a tool for information modeling of spatial objects. The scan
results are considered as an information model of a certain type. Three main information models are considered
using the example of laser scanning for examining transport routes: a point cloud model, a three-dimensional
model of object points, and a digital image as an information model on a plane. Laser scanning is associated
with the processing of a large amount of data, which necessitates the processing of spatial objects in parts. It is
shown that information collection technologies based on point-by-point information collection lose their con-
nections between the parts of the object. The same problem occurs when processing spatial objects in parts. In
order to restore connections in object models, a comprehensive technique is proposed for interfacing informa-
tion models obtained by laser scanning of an object. The developed approach to the transformation of a large
amount of data based on information modeling provides a holistic representation of a spatial object with high
accuracy. In order to improve the visual perception of the model, color coding of points based on photography
and thematic mapping is proposed. The article presents the stages of information modeling using mobile laser
scanning using the example of a specific section of the Bulgarian highway (Troyan — Karnare pass) with high-
quality measurements. The results of the study can be useful to specialists in the field of monitoring transport
infrastructures, transport construction, geodesy, big data processing, and road safety.

Keywords: information modeling, laser scanning, mobile terrestrial laser scanning, point cloud, information spatial models,
monitoring, big data, data processing

METOANUYECKHUE ACIIEKTbI THO®OPMALIMOHHOI'O
MOIEJINPOBAHUSA TIPOCTPAHCTBEHHBIX OBBEKTOB
C IIPUMEHEHMEM TEXHOJIOI'MHU JIABEPHOT'O CKAHUPOBAHUA

T'ociogunos CiiaBeiiko'?,
0-p Hayk, npogeccop,
e-mail: sgospodinov@mail . bg,
'Vuusepcumem apxumexmypol, cmpoumenbcmea u 2eooesuu, . Cogust, Borneapus
’Poccutickas axademust kocmonasmuxu umenu K.O. Huonxoeckozo, 2. Mocksa, Poccus

B cmamue ucciedyromes mexHono2uu 1a3epro20 CKAHUPOBAHUSL KAK UHCIMPYMEHIN UHDOPMAYUOHHO20 MOOETUPO-
BAHUSL NPOCMPAHCMBEEHHBIX 00beKmMos. Pe3yibmampl CKAHUPOBAHUS PACCMAMPUBAIOMCS KAK UHGOPMAYUOHHASL
MoOenb onpedelenno2o eudd. Paccmompenvl mpu 0CHOSHbIE UHGOPMAYUOHHBIE MOOETU HA NPUMEPE LA3EPHOO
CKaHUposamusl 0Jisk 00C1e008aAHUS MPAHCHOPMHBIX MPACC: MOOETb 00JAKA MOYEK, MPexXMepHas. MoOelb MOYeK
00vekma u yugposoll CHUMOK KaK UHGOPMAYUOHHAS MOOETb HA NIOCKOCmU. JlazepHoe CKaHuposanue Ceés3aHo
¢ 0bpabomkou 60IbUI0Z0 00bEMA OAHHBIX, U0 6bI3bIEAENT HEOOXOOUMOCTL 0OPADOMKU NPOCMPAHCGEEHHBIX
006vekmog no uacmsm. Ilokazano, umo mexunonozuu coopa uHghopmayuu, OCHOBaKHHbIE HA cOOpe uHGopmayuu
«MOYKA 30 MOUKOUY, MEPSIOM CE53U MeNCOY Yacmamu obvekma. dma dce npodrema 603HuKaem npu 0opabomke
NPOCMPAHCMEEHHBIX 00BEKMO8 no yacmsam. JJisk B0CCMaHO8NIeHUsL C8s13ell 8 MOOEISIX 00beKma npediacaemcs
KOMNIEKCHASL MEMOOUKA CONPANCEHUS. UHPOPMAYUOHHBIX MOOeNel, NOTYIAeMbIX NPU 1A3ePHOM CKAHUPOBAHUU
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obvexma. Pazpabomannulii no0xo0 k mpancghopmayuu 601vul020 00beMa OaHHbIX HA OCHOBe UHPOPMAYUOH-
HO020 MOOenuposanus obecneuugaem yerocmuoe npedcmagieHue npoCmpaHCmeeHHo20 00beKma ¢ 8blCOKOU
moynocmuio. /s yiyuuenus 8u3yaibHo20 60CNpUsmus MoOenu npedideaemcs yeemosoe KOOUpo8aHue moiex
Ha OCHOBe (POMOCLEMKU U MEMAMUYECK020 Kapmozpaguposanus. B cmamve npedcmasnenvt smanvl unpop-
MAYUOHHO20 MOOETUPOBAHUSL C NPUMEHEHUEM MOOUTLHO20 A3EPHO20 CKAHUPOBAHUS HA NPUMEPE KOHKPEMHO20
yuacmxka boneapckoil mpaccwl (nepesan Tposn — Kapnape) ¢ évicoxkum kawecmeom uzmepenuil. Pesynbmamut uc-
C1e008aAHUS MO2Y ObIMY NONE3HbL CREYUATUCTNAM 6 0ONACIU MOHUMOPUHEA MPAHCTIOPIMHBIX UHPPACIPYKIMYD,
MPAHCROPMHO20 CIPOUMENbCMNEA, 2e00e3uit, 00padbomKu DOILUUX OAHHBIX, OOPOAICHOU DE30NACHOCHIU.

KuroueBbie ciioBa: I/IH(bOpMaI_II/IOHHOC MOACJIUPOBAHUE, JTa3€PHOC CKAHUPOBAHUC, 00maxo TOYCK, IIPOCTPAHCTBECHHBIC 00b-
€KTbl, MOHUTOPUHT, [enidiiviE JIAHHBIC, o6pa60TKa JaHHBIX

Introduction

In the context of global urbanization and digitalization, approaches to monitoring transport infrastructure
require high accuracy and a high level of automation. Laser scanning, both terrestrial and mobile, meets
these challenges, allowing us to quickly receive and process large amounts of spatial information [1].

Big data characterizes highways and railways in their study and research as geotechnical systems. The
use of laser scanning technologies is used to manage transport infrastructure. On the one hand, laser scanning
creates large amounts of data (millions of points are obtained for small areas), on the other hand, it allows us
to create a detailed situation about the condition of the object under study [2].

Numerous works in the field of laser scanning focus on the technological problems of information col-
lection [3; 4]. However, laser scanning involves processing a large amount of data, which necessitates handling
spatial objects in parts. Information collection technologies based on point-by-point information collection
lose their connections between the parts of the object. Connecting individual scanned areas and creating a
single and consistent point cloud, which is a spatial representation of the object under study, involves the use
of special methods and tools. There is a difference between digital spatial modeling and other types of digital
modeling [5]. The issues of information modeling of spatial objects and processing of the obtained big data as
a result of laser scanning are insufficiently covered in the scientific literature [6; 7].

Taking into account the above, it is relevant to develop a comprehensive information modeling tech-
nique for converting large amounts of data obtained by laser scanning of a spatial object, providing a represen-
tation of an integral object with the required accuracy of data used for subsequent comprehensive and detailed
examination.

1. Methods and means of research

There is a difference between mobile terrestrial laser scanning (MTLS) [8; 9] and terrestrial laser scan-
ning (TLS) [10]. These are two methods for obtaining three-dimensional digital models of objects using laser
scanners, but differing in the way data is collected. TLS defines the spatial coordinates of points on the surface
of objects in a conditional coordinate system. The device includes a pulsed non-reflective laser rangefinder and
a system of two mirrors (for stepwise deflection of the beam in two mutually perpendicular planes). The co-
ordinates of each point are calculated based on the angle of rotation of the mirrors and the measured distance.
The scanner is aimed at the objects under study either using the built-in digital camera or based on the results
of a preliminary scan. The error in determining the position of a point in three-dimensional space in modern
laser scanners is about 2+12 mm.

The measurement result is a primary information model in the form of a set of object points (a point
cloud). After processing, a secondary information model of the points (3D model) is obtained, for each of
which the spatial coordinates X, ¥, Z and the image density d are determined. The scanner is a device that es-
sentially combines a theodolite, a laser rangefinder and a digital camera (figure 1).
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Figure 1 — Ground-based laser scanner’

The spatial coordinates X, ¥, Z and the image density d are defined for each point. For any point of the
object, the horizontal ¢ and vertical v angles are determined using a theodolite, the distance D using a laser
rangefinder, and the image density d using a digital camera. The coordinates of the object points X, Y, Z” are
obtained in the spatial coordinate system of the scanner. This coordinate system is related to the reference sys-
tem of horizontal and vertical angles in the scanner and is generally arbitrarily oriented in space. In order to
obtain the coordinates of the object’s points in the object’s coordinate system, the usual external orientation of
the model based on reference points is performed.

TLS determines the spatial coordinates of points based on a permanently installed scanner. It has one
point from which measurements are performed. MTLS determines the spatial coordinates of points using a
scanner mounted on a moving object (car, railway transport object).

MTLS technology is more complex, since it is necessary to connect data obtained from different meas-
urement points. Therefore, MTLS has an additional technology for measuring the trajectory, which is used
to scan when the scanner is moving. MTLS and TLS complement each other. They provide fast and accurate
measurements with analysis of various objects and features such as collapses, road markings, road barriers,
curbs, and road signs. Technologies provide the necessary level of accuracy and detail of spatial data, which
is essential for analyzing the state of road infrastructure and identifying potential hazards in order to improve
road safety. With MTLS and TLS, extensive detailed road condition surveys can be carried out without inter-
ruptions and traffic restrictions.

The problem of converting a large amount of data obtained by laser scanning of spatial objects into
information for subsequent comprehensive and detailed analysis of the object’s condition is proposed to be
solved by information modeling.

2. Practical implementation of a comprehensive information modeling methodology

Mobile laser scanning includes several stages. The first stage is the preparation and carrying out of
measurements. The implementation of the chosen technology was carried out through an integrated complex,
including: a hybrid laser system (RiEGL -\TL- 2000) mounted on a mobile platform (car), combined with a
pair of GPS receivers and a high-resolution digital camera, as well as a 3D inertial navigation system. For a
more thorough refinement of the trajectory, two basic GNSS receivers (Leica GS18i and Leica GS08 plus) op-
erating in static mode were used on the platform. The alignment and the height of the point cloud binding was
carried out using pre-applied markings on the asphalt. Their location was chosen in advance, after a thorough

! Geodesy, cartography, geoinformatics, cadastre / A.V. Borodko, L.M. Bugaevsky, T.V. Vereshchaka, L.A. Zapryagaeva, L.G. Ivanova,
Yu.F. Knizhnikov, V.P. Savinykh, A.I. Spiridonov, V.N. Filatov, V.Ya. Tsvetkov // Encyclopedia: In 2 volumes. — Moscow: Cartocenter-
geodesizdat, 2008. — Vol. II. N — Ya [Rus].
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study of the area. The positioning of the labels (binding and control labels) is carried out using GNSS defini-
tions (GNSS — Global Navigation Satellite System) in RTK (Real Time Cinematic) mode.

These technologies have been tested on a specific section of the Bulgarian highway (Troyan — Karnare
pass), outside the urbanized territory, where all the necessary objects related to road safety are located.

The mapping of rock formations through the Troyan — Karnare pass was implemented using MTLS tech-
nology. A section of the republican road of the second class II-35 was surveyed. The length of the surveyed
route is 19 km. The measured section begins with a long and continuous descent from the Beklemeto pass (the
normal height of the pass is 1525.5 m), passes through numerous bends on the southern, rocky and steep slope
of the mountain and descends into the northwestern part of the Karlovo Plain, near the village of Karnare, to
a normal height of 562 m.

As a result of the analysis, the working team carried out the implementation of measurements by divid-
ing the route into sections. The images of each of the sections (with some overlap) were taken twice (in both
directions) with the scanner positioned horizontally in order to cover the length of the roadway in more detail.
The entire route was captured once, with the scanning device positioned vertically to cover most of the sur-
rounding area, including road excavations, embankments, and other terrain features.

In cases where the GNSS signal was not available (for areas with dense woody vegetation “overhang-
ing” the road), the trajectory was positioned using a 3D inertial system, an integral part of the measuring
complex.

The processing of mobile laser scanning data begins with the processing of the survey trajectory. The
initial trajectory along which the IMU/GPS image was taken has an accuracy comparable to that of differential
methods (DGNSS — Differential Global Positioning Systems). With the help of specialized post-processing
software, the desired trajectory is calculated and determined in real time. Subsequently, it is bound to a point
previously selected as a base station.

According to GNSS measurements, coordinate-oriented gyroscopes of the inertial system and addition-
ally measured control markers, the trajectory is aligned using remote sensing technology (Light Detection and
Ranging (LIDAR)), which is used to estimate the distance between two objects. The function of the software
for automatic recognition of control marks is also used. This survey mainly used recognized tags from record-
ings obtained from a scanner positioned in a horizontal position [11]. After that, the resulting point clouds are
combined into one common file [12].

2.1. Point cloud processing

The scanning system creates images that overlap each other after a certain time interval or at equal dis-
tances. Each of them has timestamps containing information about the recording time and orientation of the
image obtained from the camera antenna. The software needs them to attach the resulting photos to the point
cloud. The result of the alignment is called a colored point cloud (figure 2).

Figure 2 — A colored point cloud
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A colored point cloud obtained by mobile laser scanning provides detailed information about the geom-
etry and condition of a real object, in our case, the condition of the road surface. Analyzing the scan results al-
low us to identify dangerous sections of the road and to plan repairs or strengthen measures to enhance safety
and prevent accidents.

The method of geological stereography was used to identify and visualize cracks. This method involves
using a stereogram of crack systems and a rose diagram to graphically depict measurements of the occurrence of
cracks. Surveys of rock formations near the road infrastructure are extremely useful for improving road safety.

2.2. Indirect registration method

The indirect registration method was chosen to coordinate the measurements. Indirect registration involves
the use of labels, both artificial and natural. Artificial marks are pre-defined objects that are often placed to fa-
cilitate the registration process. Before measuring, the marks were applied with a black spray gun to the asphalt
surface. Their coordination was carried out using a STONEX “S900A” dual-frequency GNSS receiver. The real-
time kinematic method (RTK) was used, and a suitably selected virtual reference station (VRS) was used.

The ground-based laser scanner Leica ScanStation P40 was used for measurements, which guarantees
extremely high scanning quality and stability in extreme conditions (-20°C to +50°C). A rate of 1 million dots
per second ensures fast data collection, and the integrated camera and HDR images ensure realism and clarity.
With a broad 360° horizontal and 290° vertical field of view, it can scan objects in all directions. Integrated
positioning tools such as the laser plumb line, laser level, and tape measure add functionality and increase
measurement accuracy.

The measurements themselves are carried out from several stations for the purpose of a comprehensive
and detailed inspection of the facility. This approach ensures that there are no “dead” zones.

The data obtained as a result of tag scanning was used to register the general point cloud of the object.
This ensures the connection of the individual scanned areas and the creation of a single and consistent point
cloud, which is a spatial representation of the object under study. Thus, the accuracy of the data used for sub-
sequent analysis and application is guaranteed.

The standard errors of the markings in the plan range from 4 mm to 11 mm, and in height from 1 mm to
12 mm. These results are actually information about the accuracy of linking data from the point cloud to the
coordinates of the control markers. They serve as an assessment of the reliability of the method used and the
accuracy of the data obtained, which is essential for the reliability and actual applicability of the survey results.

In order to identify only significant crack planes in the rock mass, the point cloud is “filtered”. Filter-
ing includes removing possible information “noise”, removing duplicate points, and consolidating data about
specific objects or surfaces [11]. However, the main task of filtering is to get a high-quality image of a real
object. Due to the use of this technique, greater clarity and accuracy of the image of the rock mass structure is
achieved (figure 3).

Figure 3 — The result of filtering point clouds

Color information was extracted from panoramic images taken during the scanning process. This allows
each point to be colored according to the corresponding location in the scan, resulting in a more realistic rep-
resentation of the environment and objects within it. This enhances the understanding and interpretation of the
data, which is crucial for subsequent analysis and application.

O0pa3oBaresibHBIE pecypchl H TexHoJorum. 2025. Ne 3 (52)




NHO®OPMALNNOHHBIE TEXHOJOI'UN

The created three-dimensional model of the rock slope includes geometric and color data that play a key
role in analyzing the structural characteristics of the rock. This model makes it possible to map and classify
crack systems using appropriately selected software.

The advantage of information modeling in laser scanning is the possibility of using thematic mapping
methods. This allows us to use color to highlight and emphasize the characteristics of an object within the
framework of the task being solved.

The performed work takes into account the orientation and fracture intersection angle, which ensures a
detailed and comprehensive analysis of their characteristics. This allows rock mechanics specialists to distin-
guish between different fracture systems and obtain valuable data on the geological structure of the rock slope.
The final results of the information modeling are shown in figure 4.

Figure 4 — Three-dimensional model of a rocky slope

Thus, the comprehensive survey provided complete volumetric data on the condition of the object using
information modeling techniques.

Conclusions

Methodological aspects of information modeling of spatial objects using laser scanning encompass
issues related to the creation, use, and management of information models. The study proposes to consider
scanning results as a specific type of information model. Three primary information models used for the sur-
vey of spatial objects with laser scanning are identified: a point cloud model, a 3D point model of the object,
and a digital image as a planar information model. A comprehensive methodology for integrating information
models has been developed to represent a holistic spatial object. This solves the problem of losing connec-
tions between parts of the object during the separate processing of data obtained by laser scanning. The re-
search results are demonstrated through the practical application of MTLS on a specific section of a Bulgarian
highway (the Troyan — Karnare pass) with high measurement quality. The stages of the methodology’s practi-
cal implementation are discussed in detail. In order to improve the model’s visual perception, color coding of
points based on photogrammetry and thematic mapping is proposed. As a prospect for using this approach, a
wider application of color information modeling to reflect changes in the condition of the spatial object can
be recommended.

The research results can be useful for specialists in the fields of transport infrastructure monitoring,
transport construction, geodesy, big data processing, and road safety.
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