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SUMMARY 

 

The article proposes a methodology for processing digital geospatial data of transport infrastructure 

objects (on the D5 highway section, Czech Republic) acquired using LiDAR terrain scanning 

technology (mobile laser scanning system Trimble MX-2) for the creation of three-dimensional digital 

models. The methodological tools for obtaining digital data in the form of point clouds using this system 

combine the sequential application of specialized methods from geodesy, geoinformatics, and digital 

cartography (observation, description, geoinformation analysis, and cartographic modeling). Data 

processing to achieve the research objectives was carried out based on automatic classification with 

selective manual editing by a specialist, followed by structuring and optimization, which included the 

stages of georeferencing, point cloud downsampling to reduce computational load while maintaining 

sufficient detail, and conversion of the point cloud into a universal format supported by various software 

applications. The point cloud processing methodology was built upon fundamental vectorization 

principles applied during the practical part of the study. These include automatic alignment of objects 

with the Earth’s surface, prevention of vertical perpendicular lines, polygon closure, prioritization of 

line representation for unambiguous delineation of vectorized objects, and ensuring vectorization levels 

corresponding to the elevation characteristics of terrain elements. The creation of three-dimensional 

digital models of transport infrastructure objects based on LiDAR scanning for multipurpose practical 

use represents one approach to developing a spatial data infrastructure using an inductive approach. 
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Introduction 

 

The collection and processing of digital geographic information about objective reality, as well as the 

dissemination of the obtained results for solving practical problems in the context of ongoing scientific 

and technological progress, are carried out by various methods. Achieving the greatest effect requires 

the use of advanced innovative software, hardware, and technological tools. Today, LiDAR scanning 

technologies are rightfully considered among the most effective methods of remote sensing of the 

Earth’s surface. Compared to other topographic survey techniques, they are distinguished by the high 

accuracy of measurement results, the rapid acquisition of large volumes of data about real-world 

objects, a significant level of detail regarding situational and relief elements, the ability of the laser 

beam to access hard-to-reach areas, the capacity to operate under various conditions (including 

hazardous environments) and time periods, and their versatility in practical applications. 

 

LiDAR terrain scanning traditionally involves preparatory work, field measurements, and office-based 

data processing, which together form a sequence of stages required to achieve the intended result. 

However, each stage of LiDAR scanning has specific features that depend on the objectives of the 

topographic survey, the expected (planned) outcomes according to client requirements, the available 

equipment, the execution of fieldwork at the study site, the processing of acquired digital geospatial 

data, and their visualization in the form of a three-dimensional terrain model using specialized software. 

Within the scope of this publication, a methodology is presented for processing data obtained from 

LiDAR scanning (on the example of transport infrastructure objects), with an emphasis on the specific 

features of achieving practical results, which defines its primary research objective. 

 

Method and Theory 

 

The LiDAR scanning technology employed in this study, serving as the basis for obtaining digital 

geospatial data of real-world objects for subsequent processing, relies on the method of determining 

sets of object coordinates in three dimensions (X, Y, Z) (Shan & Toth, 2018; Wang et al., 2024). The 

coordinates are obtained through measurements performed by a high-speed laser rangefinder integrated 

into the LiDAR scanner, thereby generating a notional grid of points. To transition to the next node of 

the grid, the laser beam is deflected by the scanner’s mirror system at a predetermined angle after each 

measurement. Increasing the density of grid nodes allows for the acquisition of a greater number of 

measured points, directly determining the level of survey detail. According to the technical 

specifications of modern LiDAR scanners, their rangefinders achieve measurement speeds ranging from 

several hundred to tens of thousands of operations per second. The coordinates collected during object 

scanning are aggregated into large groups known as point clouds. 

 

Methodologically, the creation of a three-dimensional terrain model based on LiDAR scanning is 

characterized by the sequential application of research methods from geodesy, geoinformatics, and 

digital cartography (observation, description, geoinformation analysis, visualization by means of 

cartographic modeling). Collectively, these methods correlate with the classical functions of geographic 

information systems (GIS) (Wise, 2018; Zhu, 2024) and encompass four types of tasks: data collection 

and systematization, data processing, the construction of conceptual formal models based on data 

analysis, and decision-making derived from the created models. Observations serve as the primary 

method of acquiring geospatial data about real-world objects, determining their qualitative and 

quantitative parameters. Based on these observations, through direct LiDAR measurements, a 

descriptive component of digital geospatial data is formed in the shape of point clouds, i.e., sets of 

coordinate-defined three-dimensional data of environmental objects. The method of geoinformation 

analysis generally involves processing large datasets with software tools and transforming them into a 

format suitable for visualization through cartographic modeling using three-dimensional models. 

 

Examples 

 

The high demand among various categories of end-users for complete, accurate, and reliable data on 

real-world environments in the form of detailed three-dimensional cartographic models of terrain or its 
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individual components determines the further development of LiDAR scanning technologies and the 

continuation of scientific experiments in this field by both domestic and international researchers.  

 

Relevant examples in the context of this study include: 

• the processing of point clouds for the restoration of historical and cultural heritage objects using 

the Revit computer-aided design system, which implements a reality-based approach perceived by 

humans (Nikolchuk & Neschadym, 2021); 

• a wide range of urban studies, including monitoring changes in urban development, assessing 

building damage caused by various factors, and extracting situational elements through the filtering of 

digital terrain models (Serohin, 2022); 

• the cartographic representation of electrical networks on specific samples with detailed 

descriptions of the parameters of power transmission lines over long distances, considering the terrain 

and the topography of each support structure (Chen & Fu, 2024). 

 

Results 

 

The creation of a three-dimensional digital model of transport infrastructure objects within the study 

area (D5 highway, Czech Republic) was based on data obtained using the Trimble MX-2 mobile laser 

scanning system, which integrates high-precision laser scanning with panoramic photography. The 

system’s productivity reaches up to 72,000 points per second (two scanners, operating at 20 Hz), 

reflecting the overall speed of data acquisition. The actual point density within the survey area depends 

on the vehicle speed, the distance to the object, and the number of passes. For instance, at a speed of 

approximately 50 km/h and a scanning swath of 30–40 m from the driving axis, a density of 1,000–

2,000 points/m² is achieved. Slower movement or repeated scanning increases this density. Fieldwork 

conducted with the Trimble MX-2 enables the acquisition of point clouds with sufficient density, 

capturing the roadway with clear identification of lane markings, curbs, infrastructure elements, and 

adjacent vegetation. 

 

Point classification is typically performed automatically using software algorithms developed by system 

manufacturers, but it ultimately requires manual refinement by a specialist, particularly in complex 

areas such as tree-covered road segments, bridge structures, or fences. For subsequent import and 

processing in specialized geographic information systems (GIS), the acquired data require structuring 

and optimization. This process includes: 

• Georeferencing – establishing coordinate alignment; 

• Downsampling – reducing point cloud density in cases of excessive volume to decrease 

computational load while retaining sufficient detail; 

• Formatting – converting the point cloud into appropriate file formats (e.g., LAS and its 

compressed version LAZ) compatible with multiple software environments, ensuring universality. 

 

Point clouds were processed using the Czech software product Panorama 3D, where the following 

operations were performed: vectorization of transport infrastructure objects (roads, embankments, 

drainage elements, etc.); integration of point clouds with orthophotoplans; and the creation of geometric 

primitives (lines, polygons) based on the vectorized point clouds, which can be exported into other GIS 

environments for further work (Figure 1). 

 

The fundamental principles of vectorization applied during the practical stage of this research, which 

constitute the core of the proposed methodology for point cloud processing, include: automatic 

alignment of objects to the Earth’s surface to ensure that created lines precisely replicate real contours; 

avoidance of vertical perpendicular lines, requiring minimal deviations from verticality in three-

dimensional objects (buildings, structures, retaining walls, bridges), or vectorization of the surface area 

directly situated on the ground. 

 

In specific cases, some vertical objects must be represented with two lines (e.g., retaining walls depicted 

by one line along the external lower edge and another along the opposite upper edge, thereby capturing 

both width and height). 
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Figure 1. The working interface of the Panorama 3D software in the process of creating geometric 

primitives of a section of the D5 highway (Czech Republic) based on the obtained point cloud. 

 

Another principle is polygon closure, applied in representing areal transport infrastructure objects 

(retaining columns, building foundations, pavements, drainage channels). Since point clouds are 

spatially limited, some objects will always remain outside the scanning range and cannot be fully 

vectorized; the scanning boundary itself is also delineated by a closed polygon. A priority hierarchy for 

line representation ensures unambiguous delineation of objects (building lines with the highest priority, 

followed by engineering structures, road lines, orographic lines, agricultural areas, and water bodies) 

(Figure 2).  

 

 

Figure 2. The result of processing a point cloud that characterizes the roadway of the D5 highway 

section, Czech Republic. 

Object properties are also represented by their attributes. Furthermore, vectorization levels are ensured 

in accordance with the elevation characteristics of terrain elements (ground level = 0, above ground = 

+1, below ground = –1), which are separated into distinct layers (Figure 3). 

 

The compliance of once-created digital geospatial data with the completeness, accuracy, and reliability 

standards of geographic information, as well as with data storage formats for subsequent multipurpose 

applications, allows their integration – at the current stage of the information society – at least into local 

spatial data infrastructures. For Ukraine, rapid and accurate three-dimensional documentation of 

damaged transport infrastructure (roads, bridges, buildings, etc.) using LiDAR scanning, along with the 

integration of LiDAR data with drone imagery for mapping potentially mined areas, provides essential 

capabilities for planning and controlling reconstruction efforts. 
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Figure 3. Taking into account the vectorization levels for multi-level elements of transport 

infrastructure objects (on the D5 highway section, Czech Republic). 

 

Conclusions 

 

The proposed methodology for processing data obtained through LiDAR scanning for the creation of 

three-dimensional models of transport infrastructure objects, based on the functionality of specialized 

software, incorporates the fundamental principles of digital cartography and geoinformatics. This 

ensures the completeness and versatility of their practical application at present and in the near future.  
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