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Abstract

:

The growth of densely populated urban areas has caused traditional cadastral registration systems to face many difficulties in representing complex and multilevel property situations on 2D maps. These challenges, combined with the rapid development of 3D technologies, have forced the research and progress of 3D cadastre systems. The aim of this study is to investigate how a Building Information Model (BIM) can be used as a data source for the Land Administration Domain Model (LADM) based 3D cadastre system, and how that process can be improved. The Industry Foundation Classes (IFC) format and the LADM-based model were selected because both are international open standards that have a significant impact in their own domain. The data sample for the 3D cadastre system was extracted from a BIM model. The paper proposes an IFC format extension which makes it possible to define 3D geometry according to the LADM standard. In order to demonstrate this extension, the West 65 residential and business complex, Belgrade, was selected as a case study. The IFC format extension presented here is a step towards data harmonization between BIM in the IFC format and 3D cadastre systems; it should provide more suitable data in the current IFC schema and enable easy data flow between BIM projects and 3D cadastral data.
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1. Introduction


Modern cities are usually densely populated urban areas, with property units located above and below the ground level. This includes property units that are directly on top of each other, thus making complex structures. Since these units are registered and represented in 2D cadastral maps (including land parcels, also represented by boundaries in 2D space) there are many obstacles to overcome. In intensively used areas, for example, there is also a tendency to use space above and under the surface, e.g., constructions on top of each other, infrastructure above/under the ground, an increasing number of cables and pipes, and apartments above shops/offices/other apartments [1]. All of these restrict the registration and presentation of urban property units. In other words, 2D cadastral plans can become ambiguous, and certain complex structures cannot be represented in an unequivocal way. The need to overcome these difficulties, in combination with the development of modern technologies (3D Geoinformation systems, 3D visualization, Building Information Models, etc.), has initiated significant research on 3D cadastres [2,3].



Previous research on 3D cadastres has shown that the technical solutions and data sets they require are more complex than those in traditional 2D cadastral systems [4]. Both the acquisition and the creation of 3D geometry for 3D cadastral purposes is a complex process. Since complex datasets, i.e., 3D objects, are presented in a 3D cadastral system, various data sources are required in order to support the implementation of 3D cadastral systems and to minimize the necessary financial and human resources. Reliable data sources that provide spatial data with high internal quality characteristics [5], such as completeness, logical consistency, positional accuracy, etc., are crucial for achieving high quality and useful 3D cadastral data.



At the same time, the impact of new digital technology (which abounds with data) is becoming more widespread across the construction industry [6] through a relatively new concept: the Building Information Model (BIM). It is understood as the “current expression of digital innovation” in the construction industry [7]. BIM is an integrated and consistent information container, with three-dimensional geometry as its constitutive element [8]. This approach avoids the re-entry of data (an error prone process) and any interruption in the information flow, by providing consistent information content through the lifecycle of a building. A BIM model also represents a comprehensive digital model that encompasses every aspect of a building through its lifecycle [9], thereby resulting in an increase in productivity and quality [6,10] through the improvement of communication and collaboration in a construction project. Furthermore, BIM can provide reliable data sources required for a 3D cadastral system and contribute to the implementation of 3D cadastral systems.



BIM software tools are already available on the market for different disciplines [11,12], and BIM supports collaboration among stakeholders in construction projects [9] with the support of interoperability. Its neutral format provides interoperability between different BIM software tools, as well as different vendors [8]. With this in mind, one of the main goals of the buildingSMART organization is to develop and establish a neutral format for exchange and sharing between the BIM software tools known as the Industry Foundation Classes (IFC) [13]. IFC is vendor-neutral, open, and standardized by the International Organization for Standardization that strives to provide exchange between different disciplines and BIM software tools from different vendors [14]. Thus, IFC is a rich source of data about a facility.



There are several studies that have examined BIM models as a data source in the 3D cadastral domain, covering areas such as querying 3D Cadastral Information from BIM models [15,16], improving building subdivision workflows [17], developing a method to link cadastral information in Land Administration Domain Model (LADM) to 3D models of physical spaces [18], and improving interoperability between BIM and GIS [19]. This indicates that involving BIM in 3D cadastre development has significant potential, and that future research should bring new methods and approaches on how to use BIM data in 3D cadastre systems.



In this study, our research tackles the question of whether the IFC format is a suitable data source for 3D cadastres. More precisely, the objective is to investigate another approach—how a BIM model in IFC format can be directly used as a data source for an LADM-based 3D cadastre system. As the result of the research, we propose an extension of the hierarchical spatial BIM project breakdown to include 3D cadastre geometry, i.e., legal spaces. It means that the IFC extension should contain legal spaces, as defined in the LADM standard. The idea is to improve workflow and data exchange from BIM to 3D cadastre systems. The IFC format and the LADM-based model are selected because both are open and international standards that have a large impact on both domains. IFC is a neutral format and the LADM is widely used as a base for newly-proposed 3D cadastre models. Hence, if there is a functional connection between IFC and LADM standards, it is more likely that such a connection will exist between BIM models and 3D cadastral systems in practice. It is important to emphasize that as-built BIM data is only relevant from the cadastral point of view because the cadastral dataset contains information on built property units, and that is how the BIM data are considered in this research.



The paper proceeds as follows: Section 2 provides a description of a 3D cadastre and defines geometry in the LADM standard, which is used as a base for the proposed 3D cadastral systems; it also presents the BIM model, and introduces the IFC. Section 3 includes an analysis of the existing content of IFC for the purpose of 3D cadastres. It also contains a proposal for an IFC schema extension for more suitable use of the IFC format (as-built model) in the process of registration. Finally, Section 4 contains the case study, and it provides an insight into how to use BIM for the purposes of a 3D cadastre. Moreover, it provides proposals for further research. Section 5 concludes the paper.




2. State of the Art


2.1. 3D Cadastre Geometry


The 3D cadastre was introduced in order to overcome the difficulties of traditional cadastral systems with regard to registering and visualizing complex 3D situations [1,2,20]. There are several ways to introduce 3D geometry into a cadastral system, e.g., through a hybrid or full approach, or by using 3D surfaces or solids. A very comprehensive approach is defined within the LADM standard.



The LADM [21] is a standard of the International Organization for Standardization, and an abstract, conceptual data model that provides a standardized global vocabulary for land administration [22]. It can function as the core of any land administration system, and it facilitates the efficient set up of such systems. Furthermore, it promotes different aspects such as full versioning/history, integration with legal and spatial source documents, a range of 2D and 3D geometry and topology options, unique identifiers, and metadata [23]. The legal aspect of the LADM standard is very important. Paasch et al. [24] proposed a detailed classification of the legal part of the LADM which contains further development of the LADM’s rights, restrictions, and responsibilities (RRR), as well as class and associated code lists.



The LADM was established to create a conceptual model that is independent of technical solutions, and it describes the legal relations. One of the basic features of its standard is that it enables object definition in 3D space [25]. In the context of a 3D cadastre, defining an object in 3D space refers to registering a property with 3D geometry. As proposed by the LADM standard, 3D geometry is presented as a set of 3D surfaces that form a closed body.



The key feature of 3D geometry in cadastral systems is that it represents legal boundaries of the property that do not necessarily match the physical ones. A legal boundary is a boundary marking where one set of rights ends and another begins. For instance, a boundary between two apartments in a cadastral system will be represented as the middle of the wall rather than the edge of the wall. Furthermore, a legal boundary can include extensions around an object that belongs to its legal space. A 3D cadastral system could potentially use both types of geometry, physical boundaries, and legal boundaries. However, legal boundaries are more important. This means that 3D geometry should correspond to the space that defines the 3D legal space of a property, rather than its physical description. The level of measured and registered details for physical boundaries must be further defined by competent authorities.



BIM provides more detailed geometry than what is required for the 3D cadastre. For instance, a BIM project, as opposed to a 3D cadastral system, has greater focus on the reinforcement dimensions, wall thickness, and geometry of the rooms within an apartment. However, the components of BIM geometry must be adapted to the needs of the 3D cadastre, i.e., BIM geometry should include legal boundaries [26]. BIM data needs to be preprocessed before being used in the 3D cadastre, or a BIM model should be extended to include the geometry required by the 3D cadastre.



Although a cadastral system contains legal boundaries, registration can only be carried out after a construction has been built. This means that all previous versions of the project that existed due to its evolution are not interesting from the point of view of the 3D cadastre. Hence, 3D cadastral systems would benefit by extracting 3D geometry from as-built BIM projects, especially for constructions that cannot be easily surveyed, such as those underground.




2.2. BIM and Data Management


A number of BIM definitions are available, and in accordance with the “National BIM Standard–United States (NBIMS-US)”, BIM represents, “a digital representation of physical and functional characteristics of a facility.” This standard highlights three functions of BIM: business processes, digital representation, and organization and control [9]. Another study defines BIM from the aspect of its implementation in industry and the entire market as “a set of interacting technologies, processes and policies” through the lifecycle of a facility [27]. BIM transforms how buildings are designed, constructed, and managed [28]. As a rich source of information, it can support and improve the design and construction [6,29,30], as well as the building operations in the post-occupancy period [31]. Encompassing the building lifecycle, BIM strives to support all relevant aspects of a building. Thus, new research [15,16] has shown how BIM can provide information for 3D cadastres, with many countries expressing an interest in its development.



Furthermore, the construction industry is highly fragmented, involving different disciplines [14], which cause complexities in communication and collaboration in a project. The fundamental idea of BIM is to improve these aspects of the project, in order to create and reuse consistent information by different stakeholders [6] and to provide a shared source of information about a facility from its earliest conception to demolition. Thus, the standardization in the domain of information management supports these fundamental principles of BIM. ISO 19650 is a series of standards in this domain, known in full as the “Organization and digitization of information about buildings and civil engineering works, including building information modelling (BIM).” Parts 1, 2, and 3 from this series cover “information management at a stage of maturity described as building information modelling (BIM) according to the ISO 19650 series” [32,33,34].



Concerning the adoption and utilization of BIM, experts from separate disciplines mostly use the specialized BIM software tools to conduct their own tasks, i.e., to create mono-discipline BIM models. However, a comprehensive BIM model requires harmonization between individual mono-discipline BIM models to become a central multi-discipline BIM model [35]. This process requires numerous information exchanges. To achieve interoperability between those separate mono-discipline BIM models (which actually implies the accomplishment of interoperability between different BIM software tools and different software vendors), a universal and neutral data format, such as the IFC, is needed. The IFC is a format globally adopted for BIM data exchange in the construction industry. However, despite the IFC’s presence in the construction industry, significant efforts still need to be made when implementing and resolving data harmonization and sharing and exchanges of information. This still creates obstacles for fully achieving BIM [14].



In general, the information content of BIM is not standardized, and it depends on a specific purpose. BIM includes three-dimensional geometry and semantics: 3D geometry provides the basis for deriving consistent technical drawings, while at the same time it is the basis for clash detection [36] and consequently collision resolution in the design phase [37]. At the same time, semantics supplies BIM with alphanumeric data to complement the meaning of the objects (physical and non-physical objects). Thus, semantics involves numerous object properties such as mechanical and thermal properties and materials. Further, it involves associations, aggregation and other relationships between objects that are part of the model [14]. As a result, it is possible to perform various analyses, simulations, and advanced controls.



Finally, BIM is an object-based model which contains a rich resource of data about a building. In the current research, the data will be analyzed and selected for registration in the 3D cadastre system.




2.3. The IFC format for BIM


IFC is accepted as an international standard by ISO, designated as ISO 16739-1:2018 “Industry Foundation Classes (IFC) for data sharing in the construction and facility management industries—Part 1: Data schema.” Generally, this is an open standard that covers the BIM data required for exchange and sharing between the BIM software applications that are used in construction projects, or through facility management. The standard includes the relevant data both for buildings, and for the infrastructure [38].



The specified standard for the IFC determines the data schema, which is the base for a consistent and universal file format in the information exchange process, or for data sharing. It is very important to say that the IFC data schema is an open and non-proprietary schema. The IFC schema is based on the EXPRESS language for data specifications that is published in ISO 10303-11 [38]. Hence, the IFC format provides BIM with a consistent approach to data transfer. Thus, certified BIM software applications can translate their own BIM models into this neutral IFC model.



The IFC is a comprehensive classification system for the data relevant to a built facility over its lifecycle [38,39]. The collection and classification of the construction data in IFC started in the 1990s. It was first initiated by a business entity, but very quickly the IFC was taken over by the International Alliance of Compatibility. Nowadays, IFC technical specifications are produced and developed by the buildingSMART organization, and they are publicly available on its website [13]. The buildingSMART organization is engaged in vendor-neutral formats, constantly updating the specifications for software extension add-ons. Newly developing projects in this domain contribute to the constant widening of the IFC specifications. The IFC includes the relevant data to describe a digital building project, the BIM. Thereby, the IFC emphasizes geometry, object properties and relationships.



The IFC schema [13,38] is object-oriented, and IFC classes are basic elements of the schema. Furthermore, the classes are grouped in accordance with their function and specialization to form units, named Layers in Figure 1a). Those Layers are hierarchically organized, as is the entire IFC schema. A very important aspect of the schema is inheritance between the IFC classes in this hierarchical organization. An initial root class of the schema is the IfcRoot class (which belongs to the Core layer), which the classes from the upper layers are derived from, except the classes in the Resource layer, whose data are used for referencing from the upper classes (i.e., the classes derived from the IfcRoot). The inheritance from the IfcRoot is divided into three directions: physical and conceptual objects (IfcObjectDefinition), relations between those objects (IfcRelationships), and their properties (IfcProperyDefinition). Basically, this research is directed to the classes that define the spatial data, which are spread over all layers of the IFC schema, in such a way that includes relevant classes for the purpose of the 3D cadastre. Consequently, the exploration of the IFC schema is focused on the subclasses of the abstract superclass IfcSpatialElement, Figure 1b).





3. Methods and Tools


This research tackles the question of whether the IFC format is suitable for 3D cadastre systems based on the LADM standard. An example of such a 3D cadastre system is described by Višnjevac et al. [4]. Hence, this research includes an analysis of the existing IFC classes, which contain definitions of the spatial structure of a building. Thereafter, the proposed extension of the IFC schema is presented, which should provide more suitable data in the current IFC schema, with the aim of ensuring data harmonization between BIM in the IFC format and the 3D cadastre systems. There are also some studies related to the content of IFC that consider the form of the 3D cadastre systems. For instance, the 3D cadastre system in the Netherlands [15], or the 3D cadastre system used in the research of B. Atazadeh et al. [16].



Data harmonization between BIMs in the IFC format and LADM-based 3D cadastre systems should provide effective as-built design handover, shown in the process map in Figure 2. In the observed case, BIM is delivered to the public authority in a neutral format, i.e., IFC. This delivery format is a common recommendation in national BIM standards or guides in countries which have adopted BIM; an example is the “National BIM Standard–United States (NBIMS-US)”. The process map in Figure 2 describes the proposed process of the handover of the as-built BIM model by investors to the competent public authority for registration in a cadastre. Thereby, as-built BIM models in the IFC format need to include a cadastral model which contains data defined by information requirements for the as-built design handover [32]. The public authority participates in this information exchange and makes a decision about registration (decision in a process map).



3.1. Analysis of the Current IFC Schema


It is important to emphasize that the IFC schema [38] provides an opportunity for a spatial breakdown of a building. This breakdown is defined by the subclasses of the IfcSpatialStructureElement (note that it is considered the domain of the IFC schema for buildings, shown in Figure 1b). Those subclasses are a building (IfcBuilding), a building story (IfcBuildingStorey), a space (IfcSpace), and a site (IfcSite). The decomposition of these spatial classes is provided by employing the attribute IsDecomposedBy, which actually provides a spatial breakdown of the building, as well as its constituent and hierarchical lower elements; the decomposition is shown in Figure 1c.



Therefore, the decomposition of a building (in other words, the decomposition of an instance of the IfcBuilding class) results in building stories (the instances of the IfcBuildingStorey class). In the case of a complex building, it results in parts of the building. Then, those parts are also instances of the IfcBuilding class, but with different values from a CompositionType attribute. Thus, this attribute could indicate that a building is a single unit, a part of a building or a complex one. In other words, the IfcBuilding is an aggregation of the building stories or possibly building parts [38].



Further, the decomposition of a building story (the instances of the IfcBuildingStorey class) results in spaces (the instances of the IfcSpace class). Meanwhile, by analogy with the IfcBuilding class, it could potentially decompose into a part of a building story. In that case, that part is an instance of the IfcBuildingStorey class too, and then it has a value of its CompositonType attribute equal to PARTIAL. Thus, IfcBuildingStorey is the aggregation of the spaces or the parts of a story [38].



The IfcBuilding and the IfcBuildingStorey represent a container for elements with hierarchical lower spatial elements. The instances of these classes do not possess their own geometric representations during common file export to the IFC format. Their geometry is based on the geometry of their constituent elements. At the same time, the IfcSpace class possesses a geometric representation, and it is bounded by connected building elements and their inner faces, as shown in Figure 3. This is the lowest spatial class in the considered hierarchy. The IfcSpace class defines a functional unit within the building [38].



Finally, very relevant data for 3D cadastres are contained in the geometric representations of elements—the Representation attribute. Those representations are defined by the classes from the IfcGeometryResource (a part of the IFC schema which is contained in the lowest layer of the schema—the Resource layer). The IfcGeometryResource includes the possibilities of the geometric descriptions of the elements using the methods: Constructive Solid Geometry, Boundary representation, and combined methods, as described by C. Eastman et al. [40].



Apart from the highlighted attributes of the IfcBuilding class, other relevant attributes for the 3D cadastre are:




	
ElevationOfRefHeight—the reference height represents the altitude 0.00 (above sea level);



	
ElevationOfTerrain—the minimal terrain level in elevation;



	
BuildingAddress.








A building story contains the Elevation attribute, which represents the height of the base of the story, relative to the 0.00 level (the ElevationOfRefHeight attribute of the IfcBuilding) [38]. The data for those attributes are shown in the next section.



As pointed out at the beginning of this section, all described classes belong to the inheritance from the IfcSpatialStructureElement class. The other direction of inheritance from the superclass IfcSpatialElement is the IfcSpatialZone class (Figure 1b). The IfcSpatialZone class provides the possibility of defining a zone of particular occupancy. This class is a non-hierarchical class and it represents an addition to the hierarchical spatial composition of a project. The class simultaneously provides designations of other zones: a fire safety zone, a construction zone, a lighting zone, a thermal zone, etc. This is achieved by the PredefinedType attribute and its predefined values: primarily OCCUPANCY, then FIRESAFETY, CONSTRUCTION, LIGHTING, THERMAL, etc. [13,35]. Meanwhile, this research highlights the importance of extracting such occupancy zones into a new class, which should become affiliated with the hierarchical spatial breakdown of a building.




3.2. Extension of the IFC Schema


The previous analysis of a spatial breakdown of a building has shown that the story decomposition results directly in functional units—spaces such as rooms and halls. The following facts are considered: (1) multistory buildings are mostly complex cadastral situations; (2) legal spaces possess featured boundaries and there is no overlapping between ownerships, although there might be overlapping between different rights, restrictions, and responsibilities (RRR). This research proposes providing the possibility for the decomposition of a story into legal spaces (such as occupancy units). This is especially important for residential multi-story buildings. The legal spaces could be further decomposed into basic spaces—IfcSpace. Therefore, this research proposes the addition of legal spaces to the hierarchical spatial project breakdown (described in Figure 4). In this way, legal spaces have equivalent definitions from the LADM standard [21]. Below is a proposed extension of the IFC schema [38] for one legal property unit by a new spatial class, tagged as the IfcBuildingPropertyUnit. This class should define a property unit as a non-interrupted space in uniform ownership, like an apartment or a common area. The extended diagrams are shown in Figure 4.



The IfcBuildingPropertyUnit class derives from the IfcSpatialElement class, thereby inheriting all of its attributes. In this inheritance, it is important to highlight the attribute that provides the position in the coordinate system. Its type is IfcLocalPlacement, and it could provide a position relative to the coordinate system of the instances from a hierarchically higher class (a story or a building). In addition, the new class, IfcBuildingPropertyUnit, includes additional attributes: BoundedBy, Representation, and PredefinedType, which are explained below:




	
The BoundedBy attribute provides the legal boundaries of a property unit. In accordance with the IFC schema [13,35], boundaries are defined by physical elements or virtual areas; a relationship between a property unit (an instance of the IfcBuildingPropertyUnit class) and an element (an instance of the IfcElement class) is provided by the IfcRelSpaceBoundary class (Figure 5). IfcConnectionGeometry provides a legal boundary. In the case of an observed cadastral system [4], this IfcConnectionGeometry should point to the middle plane of common boundary elements, with the aim of matching with the legal boundaries (explained in Section 2.1), as shown in Figure 5:



	
The Representation attribute should define the geometric representation of the physical spaces of a property unit (in compliance with the cadastral system and the definition of the LADM standard).



	
The list of the value of a PredefinedType attribute is assigned according to the current research, proposed in [4]: apartment, common area, offices, garage, storage space, etc.








For other inherited attributes [38]:




	
The IsDecomposedBy attribute provides the decomposition of a property unit into basic spaces (the instances of the IfcSpace class).



	
The Decomposes attribute defines that a property unit belongs to the story. Additionally, in special cases when an apartment extends on two levels, it belongs to the story that contains its base. Similarly, a common space which usually extends over several levels belongs to the lowest level, the ground floor. This is provided by the relation IfcRelAggregates.



	
The ContainElements attribute provides an opportunity for a property unit to include building elements (such as walls) in accordance with the property rights defined in a cadastral system. This refers to building elements and other elements which stretch through the property unit.










4. Implementation and Discussion


After the analysis and proposed extension of the IFC, the results in this chapter were applied to a case-study project in order to provide 3D geometry for a proposed 3D cadastral system [4]. The West 65 residential and business complex located in Belgrade, Serbia, was selected for the case study. The construction project was prepared in BIM. This modern complex comprises a tall tower for residential and business space, and a shopping mall on two levels. The project is very impressive, and atypical for this region. The tower has forty stories and around 300 residential units. The total height of the tower is around 155 m. Thus, upon completion of the project, it will become the tallest residential building in Serbia. The tower is founded on piles. Underground, this complex is composed of two levels for parking, shared by the shopping mall and the tower. At the moment of conducting this research, the project is under construction (the construction phase of the tower is shown from two perspectives in Figure 6a. The tower is expected to be completed by the summer of 2021.



Due to numerous residential units situated vertically on the forty stories, as well as the underground spaces, the tower represents a complex cadastral situation. Thus, the tower is separated and observed for the purpose of induction in the proposed 3D cadastral system [4].



The project design was prepared in Autodesk Revit 2017. For the purpose of this research, the project was exported into an IFC file using the interface for the IFC export of Revit. Two views of the BIM of this project are shown in Figure 6b, prepared using a freeware IFC model viewer, BIMvision [41].



4.1. Data Extraction from the IFC File of the Case Study


The IFC data presented are related to the tower, i.e., the residential part. They were selected and observed for the process of enrollment exclusively in a proposed 3D cadastral system. Requests for the data are defined in a previous paper [4], which presents the proposal for this 3D cadastral system.



The extracted data relating to the stories, from the IFC file of the tower, are presented in the Table next to Figure 7. The table contains the name and height of the story base (attribute Elevation). The IfcBuildingStorey class represents any level in a building, above or under ground level. Further, the distance between stories is 3.4 m (calculated value). In accordance with the requirements from the research by Višnjevac et al. [4], the highest point of this project is 153.6 m, which can be derived from the elements placed on the highest story. The lowest point of this project is linked to the piles in the foundation at –40 m. With the existence of the IFC extension (the IfcBuildingPropertyUnit class), the total amount of building units could be counted directly. The total number of building stories is derived directly from the IFC data.



For further analysis, story number 6 (Name: 6. SPRAT) is selected. The values show that the base of the selected story is at a height of 26.7 m. The model of a separated story is shown in Figure 8a, and it is in accordance with the current descriptions for the data in the IFC. This story contains several spaces (the instances of the IfcSpace class), and their visualization is shown in Figure 8b. These are functional units on a certain story, such as rooms and lobbies. These IFC data were exported using the interface for the IFC in Revit and its options, which enable the export of spatial boundaries.



The extraction of separate property units (like apartments or common areas) would be provided by the proposed IfcBuildingPropertyUnit class. One instance of a proposed class is represented in the model in Figure 9. It defines one apartment, located on the sixth story. The model represents the legal boundaries of an observed apartment. This is conducted completely in accordance with the definition for the proposed class, the IfcBuildingPropertyUnit. In the domain of geometry of the legal space, its footprint edges coincide with the outer edges of the outer boundaries or midline inner boundary elements. The height of the representation encompasses the distance between the midlines of the intermediate boundary elements. Thus, the geometric representation of this legal space matches with the 3D geometry of the legal possession limits, which is proposed by Višnjevac et al. [42]. In such a way, the IFC data could automatically provide 3D geometry in the registering process.




4.2. Discussion


The procedure and the example of the case study indicate that the extension of the IFC format should be considered in order to support and simplify the maintenance of modern 3D cadastral systems. Furthermore, the case study and geometry produced show that the BIM model can be extended in order to support legal boundaries, which are important from the 3D cadastral point of view. Additionally, the legal boundaries prepared based on the proposed IFC extensions can be easily exported in a format that will correspond to the LADM 3D geometry definition. The main advantage of an approach that includes the IFC extension to support data needed for a 3D cadastral system is the fact that it ensures easy data flow between BIM projects and 3D cadastral data, making the registration process more efficient.



If the proposed IFC extension becomes standardized, i.e., part of future versions of the IFC standard (after further development and specification), then 3D cadastre support will become an integral part of the standard. This means that any further updates will include the 3D cadastre and be tied to the LADM standard. Further, this is important because IFC is a neutral, open file format specification that is not controlled by a single vendor or group of vendors. Therefore, the proposed extension to the 3D cadastre could potentially be included in many software solutions by different vendors that support the IFC format. This means that using BIM as a data source for the 3D cadastre will be traced through the further development of these standards. It is important that solutions are tied and included in international standards because otherwise they will be less effective or be of only local importance.



The generalization potential of the proposed approach is reflected in the possibility of including the proposed IFC extension as an integral part of the IFC standard. Additionally, the research is based on the LADM standard, and it means that the proposed approach can be used in any country that applies these international standards. Many country-specific aspects will need to be further defined, but this approach will provide a standardized and global view of 3D cadastre data in BIM models.



There are other ways to export 3D cadastre from BIM data, but the benefits of an approach in which the proposed IFC extension is part of future standard versions are significant. For example, a guideline for data extraction could be developed, and it is also a good way of exporting 3D geometry, but that guideline would not be part of the standard. This means that the guidelines need to be changed if the standard is updated. If the proposed IFC extension becomes part of the IFC standard, it will boost the use of BIM data in 3D cadastre more than having a guideline for exporting data. The additional advantage of the proposed IFC extension is that a BIM model would also include the 3D visualization of cadastral data. It means that a user of a BIM model can view 3D objects from all sides and can get additional information, which includes legal boundaries. Legal boundaries, together with all other BIM elements, would provide additional context and make BIM more detailed. Building information models have many aspects, and including relevant classes for the purpose of 3D cadastres, will make them more useful for businesses and government agencies that plan, design, construct, operate, and maintain buildings. This will gain benefits, especially for the planning and maintaining aspects of the BIM lifecycle, because these processes will be improved by including additional information on legal boundaries.





5. Conclusions


This study investigated how the IFC format can be used as a data source for 3D cadastres and proposed changes that enable more fluent data exchange between IFC models and LADM-based 3D cadastral systems. To achieve this aim, an IFC format extension which makes it possible to define 3D geometry, as defined by the LADM standard, was proposed. The data extraction described, which is based on a proposed extension of the IFC schema, presents a comfortable procedure that ensures simple data acquisition for the LADM-based 3D cadastral system. In this way, BIM models can have predefined geometry for 3D cadastres, in the same way as they include various data for different aspects of a building.



Furthermore, it was found that the IFC format is an appropriate data source for 3D cadastre needs. In its current format, IFC can be used as a data source for 3D cadastral systems, but additional data processing is required. With further improvements (the proposed extension), the IFC model can be a consistent and more easily available data source for 3D cadastre systems. The main advantage of the proposed IFC extension is that it enables easy data flow from BIM models to LADM-based 3D cadastral systems and makes the registration of construction easier in a 3D cadastre system. This extension would have a positive influence on establishing and developing 3D cadastre systems by providing support through pre-defined 3D cadastre geometry within BIM models. In addition to all of the benefits achieved by 3D cadastral systems, the proposed extension also improves BIM, making it more detailed and adding data on legal boundaries between building units, which could provide benefits for other BIM uses.



However, further development and specification is required in order to fully support 3D cadastral needs and lead to full implementation. This means that further work and standardization are needed in order to maximize the benefits that the proposed extension could provide. It is necessary to define and implement related classes that will cover special cases in 3D cadastre geometry. For that reason, it is encouraging and promising that the IFC format and the LADM are open and international standards, so future improvements can be expected. This means that software (both for BIM and 3D cadastres) is expected to support formats recommended by the IFC and LADM standards, which will create a strong connection between BIM and 3D cadastral data. At the current stage, this case study can be used as an example of how 3D cadastre data can be extracted from a BIM model.
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Figure 1. (a) A diagram of the IFC layers; (b) A diagram of the inheritance; (c) The decomposition of these spatial classes (adopted from ISO 16739-1 standard). 
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Figure 2. Process of handover of the as-built design to a public authority. 
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Figure 3. A boundary and representation of an instance of the IfcSpace class. 
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Figure 4. (a) The IfcBuildingPropertyUnit in the diagram of inheritance; (b) the IfcBuildingPropertyUnit in the decomposition diagram. 
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Figure 5. The illustration of the BoundedBy attribute for the new IfcBuildingPropertyUnit class. 
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Figure 6. (a) Photo of the construction phase of the West 65 project (b) The model of the construction project. 
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Figure 7. The containment of the IfcBuilding and selected story. 






Figure 7. The containment of the IfcBuilding and selected story.



[image: Ijgi 10 00297 g007]







[image: Ijgi 10 00297 g008 550] 





Figure 8. (a) BIM model of the 6th story; (b) Representation of spaces contained in the 6th story. 
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Figure 9. Representation of the IfcBuildingPropertyUnit. 






Figure 9. Representation of the IfcBuildingPropertyUnit.



[image: Ijgi 10 00297 g009]













	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
He8udinglDecoposedBy:
Ttc-dass

TecBuildingStorey

TechuildingStorey

“écBuildingStorey
TechuildingStorey 2K, Wozanin
fécuildingStorey 7K. SPRAT

{ifchutiaiastorey
RS L A L S )

TrchuilaingStorey 39, SRAT TAi6z0
TechuildingStorey 0. SPRAT 45360
KRGV KULE 45100






media/file4.png
Cadastral registration

c
O

i

©

= \

L

k=

@

Q . .

c Legal registration

L requirements

o2 :

Q :

o i

s i . .

c Building ' ! Coll_ectlng, formln.g.,
3 O—» Completion »| updating and organizing
o© as-built BIM model
) :"'"""""""""""'""A'S.'—'bUﬂt’B1M'I ;

© ! model

< : ! .

Q | : :

3 1 Architectural : :

g ECadastraI Model Model i ;

P 5 ﬁ A

© ! | |

- ' ' '

o) | E :

= ptructural Model  MEP Model _Other Model ;

> E

T :

o) v

£ - -

E Application for

o Registration

o)

>

a






nav.xhtml


  ijgi-10-00297


  
    		
      ijgi-10-00297
    


  




  





media/file18.png
" Outer edges





media/file16.png





media/file2.png
B

I
1
Relatin!Object

(INV) IsDecomposedBy

|
Relate (bbjects
(INV) Decomposes

\
Relatin!Object

(INV) IsDecomposedBy

(INV) Deolc;mposes

c)





media/file5.jpg
Space boundary

——————p

inner face






media/file3.jpg
Cadastral registration

H E

g Legal regstation

H Teairments

g Building Collecting, forming,
E| O comien [*| wismaornivg
° as-built BIM model
P i R AU

H N model

§ Architectural

i icadostat odel M prege™

3 m ;

]

H

€ St Model WGP ot Othrodel

H Applictionfor
s Registration






media/file1.jpg
b)





media/file7.jpg
TfcBuildingPropertyUnit

Containtlements

Decomposes
Representation

—Extended —

a) b)






media/file10.png
Rel

atingSpace
{INV) BoundiedBy
ConnectionGeometr

I

IfcConnectionGeometry

RelatedBuildingElement
(INV) ProvidesBoundaries






media/file12.png
llllllllllllllll ﬁ.
!..n .b.».».».m.«.m.«.m“gg-mmmmmmu ..._: .——).

\§======;: AR | :===—= (

l""'.'l . TS S





media/file9.jpg





media/file0.png





media/file14.png
-
-
-
-m

-

Vs

F i NN N

' B
Y

+ e Wa Na T AT AN a8 4 o0 s 0w W W v
. e Em Bm Sm am o m m W M MR BT BT AT mT AT AT AY A

IfcBuilding.IsDecoposedBy:

Ifc-class Name Elevation [mm]
IfcBuildingStorey -2. GARAZA 6300
IfcBuildingStorey -1. GARAZA -3450
IfcBuildingStorey 0. PRIZEMLJE 0.0
IfcBuildingStorey 1. SPRAT 5620
IfcBuildingStorey 2K. Mezanin 9020
IfcBuildingStorey 2K. SPRAT 13100
IfcBuildingStorey 3K. SPRAT 16500
IfcBuildingStorey 4. SPRAT 19900
IfcBuildingStorey 5. SPRAT 23300
IfcBuildingStorey 6. SPRAT 26700 '
ItcBuildingStorey 7." SPRAT 30100 :
IfcBuildingStorey 39. SPRAT 141620
IfcBuildingStorey 40. SPRAT 145360
IfcBuildingStorey KROV KULE 149100






media/file8.png
IfcBuildingPropertyUnit

ContainElements

IsDecomposedBy

Decomposes

Representation

BoundedBy

attributes list

Decomposes

Relatin
(INV) IsDec

Related

(INV) Dec

Relatin

gObject
omposedBy

Objects
omposes

gObject

(INV) IsDec

Related:
(INV) Dec

omposedBy

ijects
DMposes

Relati
(INV) IsDe

Relatec

gObject
mposedBy

iObjects

(INV) De

composes

b)

Added





media/file11.jpg





media/file6.png
Space boundary

inner face






media/file15.jpg





media/file17.jpg
Outer edges.





