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Compliance checking for building models, cities and territories involves formalizing a set of 

model schemas and constraints. In this context, we aim to achieve two goals: (1) achieve se-

mantic interoperability between BIM (IFC) and GIS (CityGML), which help us represent build-

ing information in its details and its surrounding environment; (2) adapting of PLU rule into 

semantic queries. In this article, we will introduce (A) BIM and GIS interoperability ap-

proaches, and (B) connecting the interoperable models, with PLU levels. Our approach ad-

dresses (Prob1) interoperability between IFC and CityGML on building scale model, and 

(Prob2) the correlation between PLU rules and the multiscale model. 
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Introduction 

Today we are witnessing a fourth indus-

trial revolution (Industry 4.0) marked by the 

concept of factories in which machines are 

augmented with wireless connectivity and 

sensors, connected to a system that can visu-

alize the entire production line, control, and 

decide on its own. In addition, it allows com-

munication between humans as well as ma-

chines [1]. Due to the increasing number of el-

ements and systems, complex and heterogene-

ous enterprise systems need to be considered, 

the use of heterogeneous systems generates an 

environment that integrates the systems form-

ing a System-of-Systems (SoS). This revolu-

tion affects the urban scopes, and it is mani-

festing by the collaboration between multiple 

stakeholders and territorial communities, 

where innovative rules and norms aim to inte-

grate different systems that conceive multi-

level, multi-scale solutions addressing com-

mon challenges. In this paper, we are going to 

discuss the making of a system that integrates 

the following three environments/systems: 

Building Information Model (BIM), Geo-

graphic Information Model (GIS) and Local 

Urban Plan (PLU). In this context, we aim to 

achieve two goals: (1) achieve semantic in-

teroperability between BIM (IFC) and GIS 

(CityGML), which help us represent building 

information in its details and its surrounding 

environment; (2) adapting PLU rule into se-

mantic queries. In this article, we will intro-

duce (A) BIM and GIS interoperability ap-

proaches, and (B) connecting the interopera-

ble models, with PLU. Our approach ad-

dresses (Prob1) interoperability between IFC 

and CityGML on building scale model, and 

(Prob2) the correlation between PLU rules 

and the multiscale model. The article is di-

vided as follows: section 2 introduces Local 

Urban Plan, BIM and GIS information mod-

els, interoperability approaches, section 3 pre-

sents previous work related to transforming 

urban regulations rules into semantic queries 

and the integrating approaches between IFC, 

CityGML, section 4 introduces research is-

sues we are aiming to address while section 5 

describes three conceptual interoperability ap-

proaches , section 6 presents semantic check-

ing in each interoperability approach and fi-

nally conclusion and future work are dis-

cussed in section 7.  

  

2 Background 

2.1 Local Urban Plan (PLU) 
In France, urban construction, renovation or 

landscaping projects always require checking 

the considered municipality PLU (Local Ur-

ban Plan). This document indicates the urban 

planning rules governing the considered mu-

nicipality, whether in terms of urban develop-

ment, preservation of spaces and architectural 

prescriptions. The objective of the PLU is to 

improve a) the living spaces of inhabitants 

1 
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concerning a sustainable idea of urbanism; b) 

travel and transportation by taking into ac-

count infrastructure projects, c) neighbour-

hoods restructuring while preserving natural 

heritage, etc. It guarantees the balance be-

tween urban development and the preserva-

tion of natural spaces in a perspective of sus-

tainable development [2]. A PLU defines 4 

main types of areas (see Fig. 1):  

 Urban areas (U): Such zone corresponds 

to areas of the city that are urbanized or 

in the process of urbanization. Which 

means that the public networks (water, 

electricity, etc.) and the public road con-

nects each parcel. That is why it is the 

most favourable area to build since it al-

ready has the necessary networks for via-

ble land. In addition, when looking at the 

urban area of the PLU of medium or large 

cities, you will notice that zone U is itself 

divided into sectors: UA, UB, UC, UD, 

UE, UL, UI, UP, UT, UV, and UY [3], 

where each sector/sub-zone have certain 

characteristics 

 Areas to be urbanized (AU): known as 

"AU zones", these areas are defined by 

Article R. 151-2029 of the French urban 

planning code. According to the French 

legislation, such area is considered as a 

zone intended to be open to public urban-

ization [4].  
 Agricultural zones (A): These are "areas 

of the municipality, equipped or not, to 

protect because of the potential agro-

nomic, biological or economic agricul-

tural land" (article R. 151-2230 of the 

French urban planning code) [5]. It is a 

strict and supervised regime, only the 

constructions or installations necessary 

for the public services and the agricultural 

exploitation are authorized there. 

 Natural and forest areas (N): These are 

the "sectors of the commune, equipped or 

not, to be protected because of the quality 

of the sites, the natural environments, the 

landscapes and their interest, in particular 

from the aesthetic, historical or ecological 

point of view, or from the existence of 

forest exploitation, or of their character as 

natural spaces" (article R. 151-2431 of 

the urban planning code) [6].

 

 
Fig. 1. PLU Hierarchy 

 

2.2 Building Information Modelling (BIM) 

"Building" goes beyond what one would con-

sider a building, including infrastructure ele-

ments such as roads, tunnels, bridges, etc. It 

aims at supporting sharing reliable infor-

mation throughout the lifecycle of the consid-

ered built element, from design to demolition. 

Such digital model is a representation of the 

physical and functional characteristics of the 

built element. Also, BIM data exchange stand-

ard is represented by IFC. It is an object-ori-

ented open standard initiated by build-

ingSMART in 1994. It has now become a for-

mally registered international standard as ISO 

16739:2013 [7]. Thus, IFC (ISO 16739-1) 

data is structured according to the EXPRESS 

specification [8], where it is divided into four 

layers (see Figure 2): 
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 Domain Layer: contains entity definitions 

for concepts specific to individual do-

mains such as architecture, structural en-

gineering facilities and management 

 Interoperability layer: comprises entity 

categories that are commonly used and 

shared between multiple building con-

struction and facilities management ap-

plication. 

 Core layer: process and control related 

concepts such as task, procedure, work 

schedule, performance history, work ap-

proval, and defines abstract building 

components such as space site building, 

building element, annotation. 

 Resource layer: contains basic properties 

such as geometry, material, quality, 

measurement, date and time, cost, actors, 

roles.

 

 
Fig. 2. IFC layers of data schemas [7] and modelled in the EXPRESS Schema [8]. 

 

2.3 Geographic Information System (GIS) 

GIS is a computer-based tool that allows you 

to create, manipulate, analyse, store and dis-

play information based on its location. GIS 

makes it possible to integrate different types 

of geographic information, such as digital 

maps, aerial photographs, satellite images and 

global positioning system data (GPS), along 

with associated tabular database information. 

One of the most GIS used tools is CityGML 

(City Geography Markup Language) [9]. 

CityGML is implemented as an application 

schema that defines an outline, diagram, or 

model to describe the structure of different 

types of data in GML3. CityGML is based on 

the ISO 191xx family, with inputs from other 

standardization bodies such as OGC (Open 

Geospatial Consortium), W3C (World Wide 

Web Consortium), and OASIS (Organization 

for the Advancement of Structured Infor-

mation Standards). In addition, CityGML uses 

taxonomies and aggregations such as: digital 

terrain models (DTM), regular raster, break 

and skeleton lines, mass points, sites, vegeta-

tion, water bodies, etc. Furthermore, 

CityGML comprises a multi-scale abstraction 

model defining the so-called Levels of Detail 

(LODs) [9], as described below: 

 LOD0 is a two and a half dimensional  

 LOD1 adds to LOD0 block models com-

prising buildings with flat roof structures  

 LOD2 is LOD1 with different roof struc-

tures and boundary surfaces  

 LOD3 adds external details, e.g. walls 

and roofs along with doors and windows  

 LOD4 contains internal details of a build-

ing for example chairs, etc.  

Finally, Application Domain Extensions 

(ADE) are provided as specific “hooks” in the 

CityGML schema that allows defining appli-

cation-specific extensions of the CityGML 

model. For example, in the context of noise 

pollution simulations, building reflection, 

emission points, habitants, etc. are added as 

properties to the _AbstractBuilding class.
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Fig. 3. CityGML Modular standard 

 

2.4 Interoperability Concept 

Interoperability is defined as the "capability to 

communicate, execute programs, or transfer 

data among various functional units in a man-

ner that requires the user to have little or no 

knowledge of the unique characteristics of 

those units" [10]. This definition implies that 

interoperable systems can either exchange in-

formation or be accessed with a single 

method. Hence achieving interoperability al-

lows parts of the system and the overall sys-

tem to cooperate seamlessly to reach an ap-

propriate result. Interoperability framework 

identifies three main levels of interoperability, 

namely: data, syntactic, and semantic interop-

erability. These layers are connected and build 

upon each other, lower level providing ele-

ments required by upper levels functionalities 

[11]: 

 Data/physical interoperability: usually 

associated with hardware/software com-

ponents, systems, and platforms that 

cover the technical issues of linking com-

puter systems and services. It mainly con-

cerns protocol and infrastructure. It has 

been long resolved with the adoption of 

hardware standards such as Ethernet [12]; 

along with standard protocols for lower 

layers of the ISO network architecture 

e.g. TCP/IP [13] [14], etc.  

 Syntactic interoperability: addresses the 

syntax of messages exchanged among 

CSPs considered artefacts. The related is-

sues have been resolved through the 

adoption of XML and related syntax 

standards e.g. HTML, WSDL [15] and 

SOAP [16] 

 Semantic interoperability: addresses the 

meaning of the messages exchanged and 

related issues have not yet been resolved 

by existing standards and approaches. Se-

mantic Web standards and languages al-

low specifying such meaning, through 

formal and explicit specifications of con-

ceptualisations e.g. ontologies 

Ontologies alone don't resolve the issue of 

interoperability as they are autonomous 

from each other, which is why semantic 

connections must be made to distinguish 

and adjust concepts and relations between 

those ontologies. ISO 11354 [17] defined 

3 types of Semantic interoperability: 

 Integrated approach: require that every 

component must follow a common form. 

Which define a degree of expressiveness 

permitting to catch the particular subtle-

ties of the components, particularly those 

affecting interoperability.  

 Unified approaches: require a representa-

tive meta-model. It builds semantic 

equivalence among concepts or sub-

stances. In addition, all considered mod-

els must follow the defined meta-model. 
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 Federated approaches: implies that no 

collaborator forces their models, lan-

guages, or strategies for work. They 

mostly apply to contexts where the enti-

ties considered for interoperability de-

pend on two divers or complex vocabu-

laries or methodologies. To arrive at in-

teroperability in such a unique circum-

stance, mappings must be indicated 

among input and output information of 

the considered entities.  

 

2.5 Conclusion 

Based on what has been previously discussed 

we have concluded the following: 

 We have a multi-area type, where each 

area is divided into multi-zones where 

different regulations are applied to check 

the compliance of city elements in the 

zone, e.g. buildings, transportation net-

works. Which indicates a certain granu-

larity and aggregation for the regulations 

contained in the PLU. To achieve auto-

mated regulatory compliance checking 

for a construction project, we need to au-

tomatically extract requirements from 

various construction regulation docu-

ments and transform these rules into a 

formalized syntax that enables machine 

automated reasoning. To reach our goal, 

we seek to express our set of rules in a 

language that can be handled and inter-

preted by a machine.  As all considered 

urban models are converted into ontolo-

gies, we aim to transform natural lan-

guage rule into semantic queries such as 

SPARQL, as it is the equivalent of SQL 

for ontologies. 
 We have noticed the need for a multi-

scale model that contains necessary infor-

mation related to building, district, city 

and urban scale. Two information models 

are considered to generate the desirable 

multi-scale model: Building Information 

Modelling (BIM) and Geographic Infor-

mation System (GIS). In this article, we 

are describing three approaches of BIM 

and GIS interoperability  

 

3 Previous Work Related to BIM/GIS In-

teroperability and Transforming Textual 

Regulation into Formal Rules 

3.1 Related Work for BIM/GIS Integration  
In this section, we are going to introduce pre-

vious work addressing BIM/GIS integra-

tion/linkage:[21] introduces a semantic exten-

sion called Urban Information Modelling 

(UIM), that defines spatial, temporal and 

multi-representation concepts using extensi-

ble ontology. However, the main drawback of 

this approach persists in the usage of database 

to store the instances of the ontology. [22] 

solves the interoperability between BIM and 

GIS by applying the following steps: 1) trans-

forming IFC to RDF, 2) transform GIS to 

RDF, and finally 3) using the GMO (graph 

matching for ontologies) algorithm to map be-

tween the Ontologies. However, the algorithm 

needs more enhancement as it does not take 

into count all semantic information.  Authors 

in [23] present a methodology to transform the 

IFC model into CityGML as a potential way 

to achieve interoperability between GIS and 

BIM. However, the methodology presented 

did not investigate a fully complex model, and 

many semantic information was lost in the 

process. 

 

3.2 Related Work for Adapting Regulations 

into Formal Rules 

In this section, we are going to introduce pre-

vious work addressing transforming textual 

regulation into formal rules: 

In [29], the authors present an approach and a 

tool to assist in compiling regulations and 

technical documents. For this purpose, a do-

main ontology, OntoDT, was introduced to 

represent concepts involved in the description 

of technical documents and regulations. Com-

bining with SBVR (Semantics of Business 

Vocabulary and Business Rules) and Seman-

tic Web languages, a controlled vocabulary 

was defined, based on which regulatory con-

straints extracted from the Practical Guides, 

edited by CSTB (French Scientific and Tech-

nical Centre for Building), was adapted. The 

SBVR-based approach reduces ambiguity, 

RDF and SPARQL based formalization ena-

ble automating regulation conformance 
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checking. The presented approach transforms 

textual rules into semi-formal rule than to for-

mal rules. 

In [30], the authors present an Information 

Transformation (ITr) methodology. It relies 

on a rule-based, semantic natural language 

processing (NLP) approach. A set of Semantic 

Mapping (SeM) rules and Conflict Resolution 

(CoR) rules are used to enable the automation 

of the transformation process. Several syntac-

tic text features (captured using NLP tech-

niques) and semantic text features (captured 

using an ontology) are used in the SeM and 

CoR rules. A bottom-up method is leveraged 

to handle complex sentence components. 

 

3.3 Conclusion 

Based on the semantic interoperability ap-

proaches we are going to present the existing 

possibility to connect IFC and CityGML on 

building scale. Also, we are going to adapt the 

approach presented in [29] to transform tex-

tual rules into semantic queries and enhance it 

in future work. 

 

4 Research Issue Addressed In This Paper 
PLU regulations are aggregated on different 

scale: region, city, district and buildings. This 

points us toward the need of a multi-scale 

model that contains necessary information re-

lated to each scale. Based on that we have pre-

sented before we can conclude that IFC model 

represents the building scale and CityGML 

represents the region, city, and district scale. 

To be able to detect the non-compliant ele-

ment in an urban, city, district and building 

scale we need to achieve interoperability be-

tween BIM and GIS on a semantic level 

(based on section 2.4) and transform the PLU 

rules into semantic queries such as SPARQL 

and finally apply the SPARQL queries on 

BIM and GIS to retrieve the non-compliant el-

ements. In this section we are going to discuss 

interoperability issues between BIM and GIS, 

explain how regulations can be adapted into 

logical rules through logical languages e.g. 

SHACL/SWRL / RIF, and finally clarify why 

ontologies are suitable to solve our problems. 

 

 

4.1 BIM and GIS Interoperability Issues 

While BIM provides 3D perception and dif-

ferent functionalities to sort out and oversee 

immense volumes of information identified 

with structures, GIS situations are profoundly 

adaptable, well-prepared for multi-dimen-

sional examination, and perfect for activities 

including multi-site environments. Even 

though, both models can benefit from one an-

other, they were put in a state of competition. 

In addition, throughout their development no 

association or synchronization have been de-

fined between them. Which created a gap be-

tween both models thus prevent us to check a 

building according to its urban environment. 

Bringing interoperability between BIM and 

GIS comes with several challenges such as: 

 Coordinate systems and spatial referenc-

ing: GIS use two dimensional real world 

coordinates (RWC 9), it is based on a 

global spatial reference systems and use 

boundary representation, while BIM sys-

tems use three dimensional relative coor-

dinates between objects, with a reference 

to RWC at root object and use boundary, 

Swept Solid and Constructive Solid Ge-

ometry representation.   

 Temporal aspects: In BIM a building ob-

ject is characterized by its geometrical 

representations and its non-geometrical 

properties. Such object can have several 

geometrical representations, where  each 

correspond to a different point of view. 

However, no standard has defined any 

links between the geometrical representa-

tions, properties and the different levels 

of detail handled by GIS systems.  

 Semantics: BIM and GIS use various vo-

cabularies to illustrate their entities and 

properties. Yet there is no semantic layer 

defining standard vocabularies, relation-

ships between BIM and GIS ontological 

models. Such semantic links are essential 

to achieve full semantic interoperability 

to map and synchronize the definition of 

entities, properties of each domain and 

map it to its equivalent. 
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4.2 Adapting Regulation into Logical Rules 

Logic rules provide an adaptable language for 

communicating high-level of structured 

knowledge. It services to decompose a real-

world situation and look for logical rules 

which may govern a situation. The main clue 

is to break the situation into smaller parts and 

then look for logical rules which we can 

model with a computer. In our situation the 

logical rule will contribute on dividing com-

plex rules into smaller simpler rules or group 

multiple rules to answer a higher rule where 

each one verifies and checks a certain charac-

teristics. Table. 1 represents an example, of 

logical rules using logical languages e.g. 

SHACL/SWRL / RIF.

 

Table 1. Example of regulating and logical rules 

PLU rules 

 

Sub rules SPARQL  SWRL 

R1: The re-

gion can 

contain any 

accommoda-

tion and 

housing 

none geof:sfWithin(?IfcProject, ?_Site) none 

R2: Building 

frontage 

height 

should not 

be greater 

than 55m in 

a UP sub 

zone  

Divide into 2 rules: 

Rule2.1: frontage 

height > 55m 

Rule2.2: building 

contained in UP sub-

zone  

Rule2.1: ifcowl:IfcWall 

ifcowl:height  ?height  

op:numeric-greater-than(?height, 

55m) 

Rule2.2: geof:sfWithin 

(ifcowl:IfcBuilding, 

gml:Landuse) 

rule2.1 ∧ 

rule2.2 

⇒ R2 

 

4.3 Ontology 

” Ontology is an explicit and formal specifica-

tion of a shared conceptualization. The term is 

borrowed from philosophy, where Ontology is 

a systematic account of Existence”. Also, an 

ontology is a” formal, explicit specification of 

a shared conceptualization” [19]. Based on 

these definitions we are going to explain: what 

is a conceptualization? What is a proper for-

mal, explicit specification? And why is 

‘shared’ of importance? 

 

4.3.1 Conceptualization 

Conceptualization is an abstract, simplified 

view of some selected part of the world, con-

taining the objects, concepts, and other enti-

ties that we wish to represent for some pur-

pose. Where every knowledge base/sys-

tem/level is committed to some conceptual-

ization, explicitly or implicitly.”   

 

 

 

4.3.2 Proper Formal, Explicit Specification 

An ontology is identified as explicit when all 

concepts, properties and relations are stated 

clearly and in detail, leaving no room for con-

fusion or doubt. Hence the ontology will gain 

clarity, coherence, and extensibility. An ontol-

ogy is described as formal when it is easily un-

derstandable not only by human but also by 

machine, where the machine can handle such 

model specification. 

 

4.3.3 Why Shared is Important 
Because ontology captures the conceptual 

structure of the domain. Shared ontologies 

help in increasing the reuse of knowledge 

where, we can be able to define new terms for 

special uses based on the existing vocabulary, 

in a way that does not require the revision of 

the existing definitions. This characteristic en-

ables us to use ontology in: information-re-

trieval systems, digital libraries, integration of 

heterogeneous information sources, etc. 

 

http://www.w3.org/TR/xpath-functions/#func-numeric-greater-than
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4.3.3 Why are Ontologies Pertaining for the 

Considered Context? 

From a data perspective, the main objective is 

how to break up data silos and how to connect 

data sources spread across agencies, depart-

ments, and third-party providers to create ac-

tionable knowledge. Semantic web technolo-

gies solve these two challenges with a stand-

ards-based approach that has been widely im-

plemented throughout the World Wide Web 

and in several enterprise use cases. A semantic 

layer on top of your content provides endless 

possibilities to develop urban applications 

within robust information architecture. Inte-

gration harmonizes data and metadata as 

a Knowledge Graph, which makes content 

from disparate systems easily accessible. This 

facilitates novel approaches to quality assur-

ance and trust of information. Semantic infor-

mation architecture provides along with qual-

ity, context and meaning to your data based on 

controlled vocabularies. Who it works? An 

ontology comprises a terminological model 

(TBox) which contains the formal definitions 

of the concepts relevant for the considered do-

main of discourse. The instantiation of these 

concepts results in an assertion model 

(ABox). The combination of terminologies 

and assertion boxes results in a so-called 

knowledge base (also called an ontology). 

Also, formal and explicit semantics allow im-

plementing reasoning capabilities thus infer-

ring new information from existing data. Sev-

eral languages have been specified for defin-

ing ontologies. They are all based on the RDF 

graph model (RDF/RDF Schema [24]) and al-

low different levels of expressivity depending 

on description logic-based knowledge repre-

sentation (the families and different profiles of 

Web Ontology Language [24]). Therefore, 

ontologies have been recognized by their abil-

ity to represent information and knowledge of 

various domains. For many authors, the use of 

ontologies improves interoperability among 

different information systems in general [25] 

[26] [27]. In addition, transmitting infor-

mation between models requires the ability to 

create alignments between concepts/proper-

ties from one system to concepts/properties in 

the other one. Thus, the usage of ontologies 

will facilitate the matching mechanism. As a 

first step achieving interoperability between 

CityGML and IFC we are going to first to 

transform both models into Ontologies. 

 

5 Possible Approaches for implementing 

interoperability at an urban scale 

5.1 Federation Approach  

In this section we are going to introduce the 

Federation Architecture for OWL Ontologies 

(FOWLA) and the conceptual approach to 

reach BIM and GIS by applying the same 

methodology of FOWLA. 

  

5.1.2 Federated Architecture for OWL On-

tologies (FOWLA) 

Federation approach does not aim to integrate 

or unify CityGML and IFC models, it only 

seeks to generate strong and light cou-

pling/connection between the two models. To 

do so we consider relying on an existing ap-

proach: federated architecture for OWL ontol-

ogies or FOWLA [28]. FOWLA is an ap-

proach relying on SWRL rules for federating 

autonomous ontologies (including TBox and 

ABox). The architecture contains two main 

components: The Federal Descriptor (FD) and 

the Federal Controller (FC) [28]. The first is 

responsible for identifying missing concept 

instantiation and identifying new alignments 

(based on previously defined ones). The latter 

is mainly responsible for executing SPARQL 

queries. More specifically, it comes with a 

Rule Selector module that is responsible for 

selecting only the subset of SWRL rules that 

allow returning results pertaining to the con-

sidered SPARQL query. In the following sec-

tion we are presenting our conceptual ap-

proach to map between IFC to CityGML on-

tology (on a building scale).  

 

5.1.2 Conceptual Approach 

In this approach the ontologies remain inde-

pendent from each other, no meta-model is 

created, defined or required. Only subparts of 

each A and B ontologies are aligned in other 

word, only some concepts and properties have 

been mapped as equivalent in the other ontol-

ogy to create an interoperability schema (IS) 

https://semantic-web.com/glossary/knowledge-graph/?uri=http://vocabulary.semantic-web.com/ppknowledgegraph/292
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between them, the below table gives an exam-

ple of classes and attributes that are mapped 

between the two models (see Table .2 and Fig-

ure 4). As result CityGML model can easily 

and seamlessly fetch needed additional infor-

mation from IFC model and visa-versa.

 

 
Fig. 4. Federation conceptual approach 

 

Table. 2. Coupling between IFC and CityGML using first-order logic 

IFC OWL Relationship CityGML OWL 

IfcProject, IfcSite, IfcBuilding Equivalent (≈) _AbstractBuilding 

IfcSpace ≈ Room 

IfcWall ≈ WallSurface 

           IfcSlab ≈ FloorSurface 

IfcRoof ≈ RoofSurface 

IfcRailing ≈ Railing 

IfcWindow ≈ Window 

IfcFurnishingElement ≈ BuildingFurniture 

IfcStair ≈ Stair 

IfcDoor ≈ Door 

IfcColumn ≈ column 

IfcBuildingAddress ≈ address 

IfcBuildingStorey ≈ BuildingPart 

IfcOpeningElement ≈ Opening 

IfcBeam ≈ Beam 

IfcBuildingStorey ≈ storeysAboveGround ∨ 

StoreysBelowGround 

Elevation ≈ storeyHeightsAboveGround 

∨ storeHeightBelowGround 

IfcInternalOrExternalEnum = False ≈ outerBuildingInstallation 

IfcInternalOrExternalEnum = True ≈ interBuildingInstallation 

 

5.2 Integration Approach 

Developing interoperability through an inte-

grated approach means that there exists a 

common format for all models. Diverse mod-

els are built and interpreted using/against the 

common template. This format must be as de-

tailed as the models themselves. In our context 

the integration approach will already detailed 

the building ontological model that describe 

all necessary concepts and properties needed 
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to illustrate the building interior and exterior 

connection and will incorporate the necessary 

information from IFC and CityGML model 

(see Figure 5)

 

 
Fig. 6. Integration conceptual approach 

 

5.3 Unification Approach 

It means there is a common format but it only 

exists at the meta-model level. This format is 

not an executable entity as it is the case in in-

tegrated approach. Instead it provides a mean 

for semantic equivalence to allow mapping 

between models and applications. Using the 

Meta-model, a translation between the constit-

uent models is possible even though they 

might encounter loss of some semantics or in-

formation. In our context the unified approach 

will generate an extendable/ enhanced build-

ing CityGML model (Meta Model) where it 

contains the original CityGML building 

model and additional IFC information.

 

 
Fig. 7. Unified conceptual approach  

 

6. Semantic Checking in such Contexts 

Regardless of the approach chosen for reach-

ing interoperability, a group of SPARQL que-

ries that represent PLU (section 4.2) rule will 

be applied on the Knowledge base, extended 

model or  the common model (section 5). As 

result we are going to obtain a compliance re-

port that indicates the non-complaint elements 

of the urban model (see Figure 8). The only 

difference between the 3 models is that in the 

federation approach FC will control activate 

and deactivate the queries depending on the 

level of details defined, while the other ap-

proaches need to create an alignment between 

the generated model and PLU levels. 
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Fig. 8. Federation conceptual approach 

 

7 Conclusions and Future work 

In this article, we have introduced the seman-

tic adaptation of PLU rules, illustrate all the 

possible approaches to achieve interoperabil-

ity between BIM and GIS, and how a semantic 

checker is generated. The combination of the 

two methods helps us check the relationship 

and compliance of building elements with ur-

ban and construction rules. However our ap-

proach is semi-automatic and rely on human 

intervention. In future work we are going to 

evaluate the three approaches based on certain 

constraints such as: query response time, cost, 

etc. to find the most suitable one. In addition 

we are aiming to improve the approach pre-

sented in [29] which transform textual rules 

into semantic queries and finally connect PLU 

level with each multiscale model generated 

from the Interoperability approach. 
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