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SUMMARY 

 
 

The work is devoted to the optimization of the observation space when performing terrestrial laser 

scanning (TLS) based on the analysis of multiple observation zones and the selection of the minimum 

number of observation points that maximize the visual coverage of the selected area during the study 

of green areas. NLS involves the use of maximum resolution and careful selection of scanning locations. 

When using the sorting method, the number of terrain points increases rapidly, which leads to a rapid 

increase in the computational requirements for multi-view site planning. In this work, we propose an 

algorithm for filtering candidates' points of view with an improved Monte Carlo method for planning 

TLS when mapping recreational areas of settlements and inventorying green spaces. 
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Introduction 

 

Terrestrial laser scanning is used to determine the characteristics of various geospatial objects, including 

objects of green economy. Their main advantage is the efficiency of field work and obtaining redundant 

measurements. The main disadvantage of this method is the discreteness of the received information. 

The density of terrestrial laser scanning (TLS) point clouds strongly depends on the distance to the 

scanning system and the selected scanning frequency. Depending on the hardware and the selected 

settings, the result of the work will depend. 

 

For the purposes of TLS optimization, region separation algorithms for filtering, simulated annealing, 

genetic and Monte Carlo methods are most often used. According to (Wang Y., Dou W., 2020), the best 

algorithm for optimizing the time spent on sampling is the burn-in method. 

 

The main goal of the task of this study is to develop a modeling and optimization method for terrain 

mapping using TLS. According to works (Vash Ya., Hubar, Yu., 2022; Vash Ya., Hubar Yu., Kalynych 

І., 2021) taking into account previous cartographic data, a digital terrain model (DRM), it is possible to 

determine the minimum number of scanning locations necessary to determine the necessary 

characteristics of scanning green vegetation of the selected area for a given range of the scanner and 

angular field of view. Most TLS allow measurements at distances of 2-300 meters. The main 

characteristics of modern laser scanners are given in (Malitskyi A., Malitskyi V., 2014; Trevoho I., 

2010; Hubar Yu., 2017). Over time, most of them have been modified and improved their parameters. 

 

Method and Theory 

 

An optimization method for setting up measurements and their organization is proposed to be 

implemented using a Monte Carlo multiple view range analysis constrained by system performance 

characteristics and view specifications. 

 

The minimum initial data required to solve the problem can be represented in the form of two matrices: H, 

which characterizes the digital model of the terrain with terrain characteristics with the selected step (1), and 

the matrix D of green plantings, with the determined location, height and thickness of the trunk (2) 
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The determination of visibility is implemented by the method of discarding the visibility points of the 

target point, in case of exceeding the angle of inclination of any intermediate point (a step of ½ the size 

of the DEM, H matrix elements) between them above the angle of inclination of the target point relative 

to the scanning station is exceeded, as well as discarding the visibility points in case of exceeding given 

scanning distance. The characteristics of the planned arrangement of elements are obtained by solving 

a set of direct and inverse geodesic problems, and the height characteristics of intermediate points are 

obtained by interpolation between the vertices of the DEM (1). After implementing two cycles of the 

above operations, a matrix of visibility of green spaces is obtained at the point where visible trees are 

assigned a value of 1, and invisible trees are assigned a value of 0. 
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where 
іjC  - is the location of the matrix scanning station (1). 

 

The result of finding the optimal location of scanning stations can be defined as a matrix C(H) with the 

minimum number of elements, where the elements of the matrix determine the elements of the matrix 

(1). At the same time, the set of elements of the matrix C(H) must be chosen that will allow determining 

the desired characteristics of green spaces, namely, that all elements of the matrix have a value greater 

than 0. 
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minCV  can be defined as a cumulative field of view that shows the combined coverage of all fields of 

view of green spaces with a minimum number of scanning points m: 
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Results of investigations 

 

We will carry out practical implementation of theoretical studies. The territory of the educational 

geodetic polygon measuring 65 m × 165 m with the specified location 48°37'27.5"N 22°17'08.4"E and 

a relatively well-researched territory, namely the available data of the inventory of green spaces of 

previous years (Vash Ya., Hubar Yu., Kalynych І., 2021) was selected for the study) and data from 

ground laser scanning conducted in the second half of 2021. Taking into account the possibility of 

comparing the selection of scanning points by the proposed method and the implemented one, we will 

determine the characteristics of the FARO S150 scanning system. His scan options are given in the 

table 1. 

 

Table 1 Basic characteristics of scanning 

Scan option 

Horizontal field of view (°) 360 

Vertical field of view (°) 300 

Scan point 
122,000 / 244,000 / 

488,000 / 976,000 

Scanning range (m) 150.0 

Scanning height (m) 1.6 

Distance measurement 

accuracy 
1 mm 

Positioning accuracy 
10m: 2mm / 25m: 

3.5mm 

 

Figure 1 contains a mark of a fragment of the topographic plan of the area with the determined 

characteristics of the relief of the territory. Based on the height marks (Figure 1), the DEM was formed 

in the map editor PP Digitals, which is displayed in Figure 2. The location of the DEM matrix is given 

in the local Cartesian coordinate system for ease of calculations. 

 

In work (Starek M.J., Chu T., Mitasova H., Harmon R.S., 2020) it is proposed to use a range limit of 

30 m for the purpose of monitoring the TLS. In work (Wang Y., Dou W., 2020), the main methods of 

optimizing the observation space for the TLS are defined. 
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Figure 1 Topographical plan of the area Figure 2 DEM with a step of 5 meters 

 

With the help of programming methods in MatLab, the selection of possible visibility options for 

maximum coverage of the territory by scanning was realized. The selection is carried out by means of 

automated selection by the Monte Carlo method with the restrictions of the normal distribution of the 

selection depending on the size of the territory and the characteristics of the TLS, with a selection step 

of 1 million options. Processing of total visibility is proposed to be evaluated by imposing restrictions 

on the maximum coverage of the scanning area and the number of observations of each element of the 

matrix (5). 

 

The location of the identified 6 stations is shown on the topographical plan of the territory (Figure 3). 

For comparison, Figure 4 shows the location on the topographical plan of the territory of 12 scanning 

stations determined by the scanning operator in 2021. 

 

 
Figure 3 Location of the identified 6 scanning stations 
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Figure 4 Location of scanning stations defined by the operator 

 

Conclusions 

 

The paper proposes and implements a method of optimizing the points of the TLS for determining the 

characteristics of the green areas of the territory using the MatLab software. According to the results of 

the work, the location of the necessary 6 TLS stations was determined, which allow determining the 

characteristics of the studied objects. This technology makes it possible to analyze the expediency of 

increasing scanning points by comparing the matrix (5) with a different set of elements. Modeling and 

optimization methods for multiview analysis-based TLS are important because of the limitations 

imposed by scanner characteristics, terrain characteristics, and the need for a certain amount of overlap 

and scan interval to ensure efficient registration and display of a single point cloud. 
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