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Abstract. The main purpose of this study is demonstrating possibilities of 
using 3D modelling in solving scientific and practical problems et the field 
of geodesy and cadastre. Increasing number of publications on this topic 
among Russian and foreign authors are shown. The article considers 
examples of creating three-dimensional models for the purposes of 
cadastre and geodesy. A 3D model of cadastral registration of a complex 
object (gas station) in the specialized software ArchiCad together with 

Google Earth is presented. The composition of each stage and data set of 
each "step" of cadastral works in relation to such objects in Russian 
Federation are proposed. The article considers shortcomings of legal 
regulation in relation to 3D cadastre at the present stage. In addition, three-
dimensional models of the Dukan reservoir (Iraq), showing water levels at 
different times, were modelled. They based on digital data obtained from 
the digitized contour map. And it were used such software products like 

GlobalMapper, ArcMap and ArcScene. After analyzing the regulatory 

sources, conclusions about the lack of legal regulation in relation to 

the 3D cadastre in the Russian Federation were made. 

1 Introduction 

One of the recent technological innovations in geodesy and related sciences, in particular 

real estate cadastre, has been the active use of 3D modeling. At the moment, the role of up-

to-date information on real estate and natural resources is high. This information allows you 
to make the most complete and effective use of available resources and real estate objects. 

In addition, the quality of services for consumers increases. 

2 Materials and methods 

The unified state register of real estate (in Russian Federation) as an information system has 
up-to-date and complete information about real estate objects. However, a flat coordinate 

system is used for geodetic measurements of objects. It should be noted that this does not 

meet the conditions for correctly displaying complex spatial objects, such as transport 

interchanges, main underground pipelines, hydraulic structures, bridges, tunnels, subways, 
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underground Parking lots, gas stations (hereinafter referred to as gas stations), 

communications, buildings overhanging roads [1-5]. 

Speaking of international experience, today the 3D inventory is used to some extent in 

24 EU countries [6-11]. The validity is dictated by the increased need for modern updating 

of information, which will be achieved by switching to a three-dimensional representation 

of objects displayed on digital plans. The analysis of scientific papers in the scientific 

library elibrary.ru showed that over the past decade, interest in the three-dimensional 

inventory has increased dramatically in the Russian Federation, which also confirms the 

relevance of this study (table.1). 

Table 1. Amount of publications by the topic “Three-dimensional cadastre” in the Russian Federation 
for 2010-2018 

Year 2010 2012 2013 2014 2015 2016 2017 2018 
2010-
2018 

Quantity 
of publi-

cations 

2 3 2 15 11 16 19 35 103 

% 1.9 2.9 1.9 14.6 10.7 15.5 18.4 34.0 100.0 

As for hydraulic structures and water resources, in recent years there has been a similar 

increase in research based on 3D modeling [12-13]. For example, one of the most important 

factors affecting the effectiveness of dams is the water level in the dam's reservoir. There is 

a direct relationship between the water level and the horizontal movement of the dam body. 

Therefore, water level monitoring should be continuous, and observations should be made 

daily, monthly, and annually. The most convenient and modern way to achieve this goal is 

3D modeling. 

In this study, we will consider two completely different objects from the point of view 

of 3D modeling for the purposes of cadastre and geodesy: a gas station and a water object 

(reservoir). And we will creating three-dimensional models for them using different 

functionality. 

The gas station consists of buildings and structures located separately on the land plot: a 
control room, a capital shed, and fuel tanks. Fig. 1 shows an example of the gas station 

location, the main purpose of it is to serve the population by offering a service for filling 

cars with fuel. All objects (movable and immovable) in it are united by this idea and aimed 

at achieving this goal. 

The gas station is a single real estate complex, since the objects on the territory of the 

development are connected by a common purpose and are located on the same territory. At 

the same time, following the current legislation, detailed display of components – movable 

and immovable elements of gas stations is not regulated. In addition, the requirements of 

customers and registration authorities for cadastral registration differ: in some cases, only 

the operator's building is registered, in others-the operator's building and the shed. In 

reality, everything depends on the customer of cadastral works and the task for carrying out 
accounting works and on what acts the cadastral engineer will use when carrying out these 

works. Similar patterns apply to asphalt pavement – whether it will be displayed on the plan 

or not. 
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Fig. 1.Scheme of the gas station 

The next object is the Dukan reservoir (Fig. 2). The Dukan dam and its reservoir are 

located on the Maly Zab river, one of the important tributaries of the Tigris river in North-

Eastern Iraq. The dam is multi-purpose (storage for flood control, hydropower and 

irrigation). It is the oldest dam in Iraq and it has been in operation since 1959. The 

catchment area is 11,690 sq. km. The surface Area of the reservoir is 270 sq. km. [14-16]. 

 

Fig. 2. Satellite image of the Dukan reservoir (2D model) 

It is worth noting that it is difficult to choose a single model for displaying all types of 

objects in the surrounding world, since the natural environment is complex and the objects 

are located at different levels, have different shapes, different functional purposes, and 

consist of different materials.  This circumstance determines the need to classify 3D 

models. For example, by the following characteristics: 

 class (virtual and real 3D models); 
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 method of 3D modeling of spatial objects (volumetric representation, method of 

structural solid geometry, planar representation, extrusion method; representation using 

borders; 

 level of detail (two-dimensional contours of buildings; blocks, flat roof; textures, 

real roof; complex architectural elements; interior model); 

 dimension of the object (taking into account the vertical direction-z coordinates at 

a given point (x, y), time interval, scale); 

 visibility and realism of the model (selection of necessary materials and textures). 

The most common in cadastral systems today are virtual 3D models created using the 

boundary representation method, which are easily processed using modern software. 

There are several options for developing software for 3D inventory purposes: 
- development of fundamentally new software products taking into account the 

requirements of the three-dimensional inventory; 

- merging software products (for example, a public cadastral map with the ArchiCad 

program, which is in demand in the 3D model market, and then developing a semantic 

information module); 

- development and adaptation of software systems used in the three-dimensional 

inventory of foreign countries, as well as Google software products, to the conditions of 

Russia. 

Drawing up a technical plan for cadastral registration of gas stations is still one of the 

most unresolved issues in the legislation of the Russian Federation. Since there are no direct 

instructions for setting the gas station object as a single real estate complex, at the moment 
the gas station is being registered by drawing up and submitting a technical plan of the 

structure to the cadastral registration authority. The construction plan specifies the 

components of the gas station. 

Turning to the question of how to produce a design object filling stations, should pay 

attention to the Order of Ministry of economic development of the Russian Federation 

№953 of 18.12.2015 "About approval of the form of the technical plan and requirements to 

its preparation, the composition of contained information and Declaration form about the 

property and requirements for its preparation, composition of the contained information". 

According to paragraph 21 of section II of this Order "General requirements for the 

preparation of a technical plan": "if the location of a building, structure or object under 

construction at the request of the customer of cadastral works is additionally set by means 

of a spatial description of structural elements of a building, structure or object under 
construction, the Annex includes a model of such a building, structure, object under 

construction, containing a spatial description of its structural elements, including taking into 

account the height or depth of such structural elements, in the form of an electronic 

document in one of the formats: DXF, RVT, PLN, SKP (hereinafter-the 3D model of the 

real estate object), which is certified by a strengthened qualified electronic signature of the 

cadastral engineer who prepared the technical plan".  

Following section III, Paragraph 40 "Requirements for the design of the text part of the 

technical plan", of this order-a spatial description of the accounting object structural 

elements is made, as well as the conditions for including 3D model in the application are 

mentioned: 

 1:1 scale; 

 coordinate reference to the State Geodetic Network or reference boundary 

network. 

In the section "Description of the location of a real estate object", the distance from the 

point of intersection of the projection of a structural element with the contour of such a 

building, structure, or unfinished construction object (hereinafter - H0) to the point of origin 

of such a structural element of a building, structure, or unfinished construction at this 
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characteristic point of the contour (hereinafter - depth, height, or H1) is specified in meters 

rounded to 0.1 meters. In the same section, the distance from H0 to the end point of such a 

structural element of a building, structure, or object under construction at this characteristic 

point of the contour (hereinafter referred to as depth, height, or H2) is specified in meters 

rounded to 0.1 meters."  

The definition of the characteristic points of the canopy (structural element) of the gas 

station is shown in Fig. 3. 

 

Fig. 3. Determination of the gas station structural element height 

Following the concept of spatial accounting, all elements of the station will be displayed 
later, with the exception of information stands. If it is clear that turning points are being 

coordinated in relation to the operator's building and the shed, the same cannot be said for 

storage facilities and fuel communications. We assume that the coordinates of the gas and 

gas pipeline will be determined using a tracer. The position of the fuel tanks is determined 

by the coordinates of the outlet holes of the tanks. Knowing these coordinates of the holes 

and using the design documentation, it is possible to locate underground reservoirs in three 

dimensions X, Y, and z Inside the software, for example, in AutoCad. 

ArchiCad was chosen as a computer-aided design system for the gas station under 

consideration. As you know, ArchiCAD is a computer-aided design system designed for 

modeling architectural objects. One of its advantages is that ArchiCad interacts with 

GoogleEarth. This gives you the following features: binding to Earth coordinates in the 
GoogleEarth environment at the design stage, which definitely helps when visualizing the 

project. Thanks to Google EarthConnections, you can easily get aerial photos of the area 

and other data from the Google Earth environment and use it within the project, for 

example, to build terrain. To Orient an object in the GoogleEarth system, you need to know 

the x and Y origin of the ArchiCad coordinates in the WGS-84 coordinate system and the 

value of the angle between the North and base direction. 

Note that a more accurate and convenient way of 3D modeling is to simulate using 

survey files of various formats (dwg, dxf, etc.) or via uploaded cadastral XML schemas of 

the location of land plots and capital construction objects from the Rosreestr website by 

requesting information. The digital data bases of the formats are converted to the KML 

format(an XML-based markup language for representing three-dimensional geospatial data 
in Google Earth) in three planes. This functionality allows you to integrate 3D models into 

KML, but only for authorized users, software developers of this platform. This method is 

more reliable and accurate than the previous method, which specifies the project start and 

the angle between the North direction and the project baseline. If you specify an angle, a 

high measurement error is possible, which will affect the offset of all points in the property 

model. 
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As for the representation of the reservoir in three-dimensional form, the most suitable 

method is a planar representation. It describes curved surfaces by approximating them with 

a certain number of triangular or quadrangular plates (triangulation).  

In this part of the study, we used topographical data from the Dukan dam reservoir to 

create TIN and DEM, which are used to create 3D models in Arc Scene for reservoirs with 

different water levels. Observations were made by a regular sensor that recorded changes in 

the water level in the lake every day. Based on the 3D model of the reservoir, we can draw 

a conclusion for monitoring the water level that affects the deformation of the dam, 

representing different water levels over a certain period of time. We can calculate the 

volume of water in the reservoir at each water level at any time and determine the amount 

of water pressure of the dam, from which we can determine what level of water is 
dangerous for the dam. 

3 Results 

As a result of the research conducted on the first object under consideration, a 3D model of 

the gas station in ArchiCad was obtained (Fig.4).For the second object under consideration, 

a digital model was created using digital data extracted from the digitized contour map of 
the dam reservoir, which is used to model three-dimensional models showing water levels 

at different times (Fig.5-7) 

 

Fig. 4. Gas station model in ArchiCad 

 

Fig. 5. 3D-model of the Dukan reservoir, built using ArcMap and ArcScene (water level 

500 m) 
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Fig. 6. 3D-model of the Dukan reservoir, built using ArcMap and ArcScene (water level 

470 m) 

 

Fig. 7. 3D-model of the Dukan reservoir, built using Global Mapper (water level 470 m) 

4 Discussion 

For fig.6 the green zone is represented upstream from the dam, and the water level was 

470 m, which is lower than the level in Fig.5, which was 500 m. Fig. 7 shows a model built 

using Global Mapper. This program can show a clear model with the water surface at any 

level. The models in Fig.5-7 helps to know the volume of water and determine the danger 

caused by water pressure on the body of the dam. This is a fairly quick way to monitor the 

water level in the reservoir and determine the level that ensures the stability of the dam. 

Using information monitoring of the horizontal movement of the dam body and at the same 

time monitoring the water level, it is possible to determine the maximum safe level that 

water can reach in the event of an emergency without causing any harm to the dam. 

Conclusions 

As can be seen, including from the study, three-dimensional modeling in cadastral and 

geodetic works is gaining popularity due to the fact that the resulting models are clear and 

highly effective in terms of forecasting possible scenarios. However, three-dimensional 
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modeling for the purposes of the inventory is at an early stage of development. After 

analyzing the regulatory sources, we made the following conclusions about the lack of legal 

regulation in relation to the 3D cadastre in the Russian Federation: - there is no 

unambiguity in the form of the application of documents containing spatial 3D models of 

objects; - there are no spatial symbols, but if it is intended to use 2D symbols for displaying 

objects, then there are no indications about this; - there is no categoricity for creating spatial 

models in the register of "complex objects", since in our time this condition is met only if 

the customer wants the work. This requirement would reduce uncertainty when displaying 

objects on the map, reduce errors when overlaying and positioning real estate objects. 
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