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SUMMARY 

The use of intelligent work of execution tools and their integration with augmented reality systems 
minimizes the difference between virtual and actual models, identifying unplanned situations in a timely 
manner and offering ways to respond. 
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Introduction 

The modern urban environment is characterized by a complex organizational structure and 
overlapping interests of different real estate owners, which should be constantly balanced to ensure 
sustainable and efficient development of the city. 

Real estate may be located above / below or directly on the earth's surface. In practice, this causes the 
ambiguity and uncertainty for traditional (two-dimensional, 2D) registration of objects by their two-
dimensional projection on land both within cities and metropolitan areas, and on lands outside 
settlements. As a consequence, there is a need to consider urban land use in three-dimensional space. 

Today, in Ukraine, and in most countries in the world, the inventory of real estate is mostly 
maintained in 2D (flat) form. The location of the land plots is fixed by entering in the cadastre values 
of rectangular coordinates of the points of rotation of the boundaries of the plots. This makes it 
possible to accurately link real estate in the area, taking into account their area, configuration and 
location relative to other objects. 

Method and/or Theory 

The modern 2D cadastre does not allow proper cadastral accounting of: 
- multilevel complexes containing properties belonging to different owners. Lack of accurate 
information on vertical division can lead to conflicts in the definition of rights and the emergence of 
property disputes; 
- underground facilities and structures located below the properties of other owners; 
- aboveground structures; 
- elements of underground and above-ground infrastructure that intersect the land plots of different 
owners. The lack of information about the exact location of such objects makes it difficult to divide 
areas, to determine restrictions and burdens; 
- multifamily residential complexes. In fact, the right to the area, not the entire volume of the 
premises, is registered, and there is no possibility to determine the owner's rights to the outside space 
around a dwelling or premises. 
The solution of the listed problems of cadastral accounting of such objects and structures is seen in the 
implementation in Ukraine of 3D real estate cadastre. In addition, 3D rendering of the land surface 
and the objects located on it provides sound management decisions when planning and designing 
urban space, creating favorable conditions for investment and new formats of work for developers, 
increasing guarantees of rights of property owners and more. 

Particularly important is the introduction of the 3D cadastre due to the increased complexity of 
infrastructure and the increase in density of territories construction processes. The urgency of the 
study is confirmed by the adoption in 2012 of the international standard ISO 19152 "Geographic 
Information – Land Administration Domain Model (LADM)", which supports three-dimensional 
representation of real estate. 

One of the technologies that can be used to develop a 3D cadastre is building information modeling 
(BIM) technology. The term BIM first appeared in 1992 in G.A. van Nederveen’s and F.P. Tolman’s 
work from the Netherlands. Somewhere around 2002 the concept of Building Information Model was 
adopted by software developers, who made this notion as one of the key concepts in their 
terminology. Soon BIM was adopted by Bentley Systems, Autodesk and Graphisoft and others. In the 
future, the abbreviation BIM was included in the lexicon of specialists in computer-aided design and 
has become widespread worldwide (Building Information Modeling, 2019; Bilyk & Belyaev, 2015). 

Information modeling as an approach to the design of buildings involves the collection, storage and 
complex processing in the process of designing all architectural, technological, economic and other 
information about the building with all its interconnections and dependencies, when the building and 
everything related to it, are considered as a single object. 

BIM technology involves the construction of one or more precision virtual building models in digital 
form, which facilitate the design process at all stages, providing more careful analysis and control. 
The models contain the exact geometry of the structure and all the necessary data for the purchase of 
materials, construction and production of construction works and more. BIM is an interesting 
technology not only in terms of improving the efficiency of construction, but also in terms of new 
features when creating a three-dimensional inventory of real estate, because this technology creates a 
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complete and detailed model of the building, and therefore it can serve as a basis for creation and 
filling 3D cadastre. Singapore, the United States, the United Kingdom, Finland, and others (Rodriguez 
& Morris, 2005) are an example of this, where this technology has become key in the design of real 
estate. There are examples of successful use of this technology in Ukraine, for example, when 
constructing a large Ocean Plaza shopping and entertainment center in Kyiv, a multifunctional facility 
with complex internal infrastructure (shelter over the Chernobyl NPP), and several others. 

However, there are a number of issues, first of all, regarding the implementation of BIM technologies 
in the real estate cadastre, the compatibility between different software products and the consistency 
of information standards. 

Examples (Optional) 

Creating a basic building information model consists of four steps. 

Step 1: Collecting data about the building. The basic model requires generalized spatial data on the 
size, shape, location, orientation of the building, and so on. The paper plan may serve as the source, 
but it requires careful analysis and evaluation of the quality of the source (comparison of the original 
data with the existing building and conclusions about changes due to repairs or reconstruction 
measures during operation, etc.), followed by digital rendering of the existing drawings automated or 
manually (maximum possible digital model filling). If you have a CAD file, you first need to make 
sure it is up to date to determine whether to use it or to start from scratch. The more outdated the data, 
the more carefully it should be verified. Conversely, if the file is new, then more data can be used 
from existing drawings to build a digital model, which will significantly accelerate the construction of 
the digital model and, accordingly, fill the database of the urban cadastre. 3D models of existing 
buildings can be generated from 2D CAD files or digital photographs using modeling, 
photogrammetric tools and related software. 

In the absence of paper or digital drawings of buildings, either measuring the size of the building or 
laser scanning is performed. 

Laser scanning of buildings and territories has several advantages over other methods of shooting, 
because it allows to collect data about the object under study in digital form and is characterized by 
high speed of work, accuracy of data measurement (geometric characteristics, position of the roof, 
exterior walls, windows and doors, other holes in the form of a precise 3D point cloud) and security 
when shooting hard-to-access and dangerous objects. 

Step 2. Creating a basic model that will include plans, facades, cuts, 3D views. Significant relief will 
be the presence of a library of formed elements (windows, doors, ceilings, etc.). The created digital 
model will in the future be the basis for analysis, review and implementation of the BIM project and 
3D cadastre. 

Step 3. Providing analysis of the building characteristics. 

Step 4. Comparing and prioritizing of the projects. 

Lidar (Light Identification, Detection and Ranging) is a technology for retrieving and processing 
information about distant objects using active optical systems that utilize light reflection and 
scattering phenomena in transparent and translucent environments. Lidar is an active optical 
rangefinder. Scanning Lidars in machine vision systems form a 2D or 3D picture of the surrounding 
space. Atmospheric Lidars are not only able to determine distances to opaque light reflecting targets 
but also to analyze the properties of a transparent light scattering medium. A variety of atmospheric 
Liders are Doppler Lidars, which determine the direction and speed of movement of air flows in 
different layers of the atmosphere (Understanding the BIM concept from the Bentley Systems 
perspective, 2019). 

The established translation of LIDAR as "laser radar" is not entirely correct, because in short-range 
systems (such as indoor applications), the main properties of the laser are coherence, high density and 
instantaneous radiation power which are not required, in such systems light emitters can be 
conventional LEDs. However, in the main areas of technology (atmospheric research, surveying and 
cartography) with action radius of hundreds of meters to hundreds of kilometers, the use of lasers is 
inevitable. 
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Given the speed of light (299 792 458 m / s), the coordinates are calculated without error. The device 
is used for mapping and charting, space exploration, and self-driving transportation. Multi-story 
buildings, factories, architectural buildings, tanks and heavy industry facilities - the device makes 
over 1 million measurements per second and records data as a cloud of dots. Through a computer 
program, they form a 3D model of the object. 

Let’s consider the construction of BIM models based on lidar imaging in Bentley MicroStation 
software (3D-modelling: programs and realization, 2019). The range of application of the system is 
very wide - from building 3D models, mapping the coastline, forecasting landslides and floods, 
studying the habitats of animals to assessing the effects of various environmental impacts and more. 

In this study, the result of aerial laser scanning is a 3D array of points of laser reflection on the 
“ground / not ground” basis, with a density of up to several tens of points per 1 m2 and an accuracy of 
determining their coordinates less than 10 cm in plan and height. In fact, it is a digital model of real 
terrain of high-density and accuracy, the basis for orthophoto-plans, digital topographic plans of 1: 
500 scale, and larger, three-dimensional terrain models and objects. 

The resulting point cloud is distributed and displayed in different software by intensity, classification, 
return number, point index, point source identifier, and elevation above ground. 

The essence of the classification of points of laser reflections is to assign points on certain grounds to 
a particular class. In general, this process is automatic, however, there is a need to check and correct 
automatic classification errors online or manual, as there may be some errors such as assignment of 
power lines, fences, from fences of temporary buildings and structures to vegetation, low shrubs, 
water and low bushes vegetation on lakes, rapids, stairs, verandas near houses, water in wells lying 
below the level of the main surface of the earth up to its surface, large-scale wastes near the houses 
partly to the ground, partly to the vegetation, machinery, engineering objects, ruins to green planting, 
etc. (Figure 1). 

 

  

Figure 1 Classification in manual regime 

 Integer values of codes stored in LAS files are assigned to classes. The most important class is 
the land point class because it is a starting point for the rest. From it the heights of vegetation are 
deduced, on it the class of points of the model necessary for CMR is constructed. 

1. After downloading the project file and blocks with points, the program automatically tries to build a 
3D model of the building according to the specified parameters. In this case, there are errors marked 
on fig. 2 with yellow circles (undefined and not automatically drawn window on the roof with a bevel; 
not defined and drawn bevel of the roof, not defined and drawn the threshold of the house. For greater 
clarity and understanding of the situation can use high-quality orthophotos, or use the service of 
Google, with the help of which errors can be identified (Figure 3). 

Figure 2 Automatically generated model of 
the building  

Figure 3 Image of the building  
(Service GoogleMaps) 
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After correcting all the errors, we will receive ready 3D model of the building which can be 
considered as a correct one.  

An example of constructing a complex building with elements of a tower type (church) is shown in 
Figure. 4. The main bevels depicted are shown in Figure. 5. 

  

Figure 4 Automatically generated model with 
elements of tower type  

Figure 5 Drawing of main bevels of the building  

The modeling of the domed part is presented in Figure 6. The 3D model of the structure is presented 
in Figure7. However, comparing the created model with the actual construction in the photo from 
GoogleMaps, shows that the created model is simplified and generalized, but this is enough to 
understand that the created 3D model is a prototype of the church (Figure 8). 

 

   
Figure 6 Modelling of domed part of the building  Figure 7 3D model of 

the building 
Figure 8 Real look of 

the church  

 

Conclusions 

Thus, the use of lidar shooting allows you to fill the databases of urban planning cadastre and BIM 
with quality up-to-date data. Information model of the objects allows you to optimize its parameters. 
During the construction and operation of the building, the BIM in real time accumulates a history of 
occurrence of deviations of the states of system elements, and allows to eliminate them. The use of 
intelligent work of execution tools and their integration with augmented reality systems minimizes the 
difference between virtual and actual models, identifying unplanned situations in a timely manner and 
offering ways to respond. The experience gained can be used to plan maintenance and repair 
programs, build models of degradation of system elements, both for a particular building and for 
analogues. 
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