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ABSTRACT:

Application of Building Information Modeling (BIM) in construction industry has been applied for many years back. This because
BIM can provide a better advantage in construction industry in term of controlling and managing construction project during their
life cycle. The advantages that can be provide by BIM is focusing on the indoor planning tasks. But, when the construction project
involves, besides indoor planning, outdoor planning also is important part that need to be look up. To cover the outdoor planning in
construction project, Geographic Information System (GIS) need to be applied. GIS can overcome this problem because GIS mainly
for outdoor planning by using their spatial analysis. GIS can offer a high degree of geospatial information and can provide the
detailed geometrical and semantic information of building to assisted across improve automation. Towards produce the improved
preparation in construction project, BIM and GIS should be integrated. To integrate both domains, the data interoperability between
them need to be investigate because they used different data standard. This study focusses on solving the data interoperability
through the data integration between BIM and GIS to solve the problem of data mismatch and data missing during data translation
process. Industry Foundation Classes (IFC) was used as a data standard to perform the data integration between BIM and GIS. The
outcomes from this study show that when the data interoperability applied between BIM and GIS, the problem above can be solved,

and the data dimension and their coordinate system also can be control.

1. INTRODUCTION

Modelling  spatial objects in three-dimensional (3D)
environment has now become common. With the existence of
3D data acquisition technology that can be used at the end-user
level (i.e., LIDAR), 3D data has become accessible, and it
simplifies the process of modeling 3D objects. Currently, the
use of 3D spatial objects is used in various applications such as
environmental modeling (Ledoux, 2008; Ujang et al., 2018),
GIS-based Building Information Modeling (Atazadeh et al.,
2017; Basir et al., 2018; Déllner and Hagedorn, 2007) and 3D
city modeling (Biljecki et al., 2017; Jovanovi¢ et al., 2020;
Salleh et al., 2021). Even so, there are still various issues as the
3D integration of objects between various fields sometimes
require further assessments.

Building Information Model (BIM) is a platform which is used
for data management which contains of spatial characteristics
and building attributes (Eastman et al, 2011). From years of
2000s, BIM has been applied over the full cycle of construction
project to assist the data of project cooperation and integration
and to help the development activities.

Geographic Information System (GIS) is one of the methods
that can be used to obtain and manipulate the spatial data
concerning the topographic and current situation of the building
site terrain. This effort may be found in many studies (Basir et
al., 2018; Basir et al., 2020; Matarneh et al., 2019). Thus,
information of the site and elevation can integrate with the
building’s location on the site. GIS was also utilized to resolve
the difficulties of site layout planning (Sebt et al., 2008), for
example to place the temporary facilities. To supervise the
development procedure throughout the preconstruction phase,
the integration of BIM and GIS may be used to recommend the
significant benefits. This because BIM can offer geometry,
spatial relationship, and capacities of building elements while

GIS can provide a spatial analysis for initial stage of the
procurement procedure, and BIM be able to be used to show the
outcomes of GIS analyses in 3D virtual world (Irizarry and
Karan, 2012).

Even though GIS can be applied to manage the construction site
terrain and pinpoint the transient things, a better stage of
integration is required to exchange information between BIM
and GIS data sets. During 2006, the Open Geospatial
Consortium (OGC) set up a program for connecting the
Architecture, Engineering and Construction (AEC) data model
(e.g., CAD and BIM) with GIS work flows (Lapierre and Cote,
2007). The main issue in merging BIMand GIS datais
the incompatibility among both knowledges, for example
modelling and referencing system as the GIS data is constantly
georeferenced and in two or two-and-a-half dimensions (i.e.,
one z value per 2D images) whereas the BIM entities have its
own local coordinate systems and used the third dimension
(Lapierre and Cote, 2007).

The differences between both domains either in term of data
structure or data formats, it makes it is difficult to applied both
applications. Because of these difficulties, buildingSMART has
established and standardized the Industry Foundation Classes
(IFC) data model within a substantial attempt to assist
information interoperability in the construction industry. IFC is
a unified model scheme that explains construction data. It
utilizes an object-oriented approach to integrate data that is
needed by the related stakeholders. But there are reasonable
problems in resolving the integration problems such as some
data loss or modify information and data exchange among
heterogeneous system or industrial modelling software using
IFCs was reported (Wu and Chang, 2016; EI-Mekawy et al.,
2012). Additionally, reported research has highlighted several
problems related with the integration BIM and GIS (EI-Mekawy
etal., 2008).
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2. DATA INTEROPERABILITY

Several years ago, there are many applications that has been
developed from both BIM and GIS to bring out the advantages
of BIM and GIS technologies. Irizarry et al. (2013) develop an
integrated GIS-BIM model that demonstrating the materials’
movement, supplies’ accessibility, and map of supply chain
visually. The authors stated that the suggested method
undergoes after the lack of semantic interoperability within GIS
and BIM areas, and it needs that the client has understanding
regarding these technologies and their functionalities. As
example, the users require to understand just how BIM data is
characterized in GIS model after importing data process happen.
Microsoft Access database was applied to interpret the semantic
data between BIM and GIS, but this method is quite ineffective,
as well as it lacks the semantic interoperability. The similar case
study has been looked out to prove the advantages that can be
obtained after the semantic interoperability is being used.

After a few years of researchers studying the BIM and GIS
standards, there are various data exchange formats that been
created to assist the data interoperability. For example, to
integrated BIM model with GIS domain (IFD 2014; IFG 2014),
Industry Foundation Classes (IFC) for GIS (IFG) data model
and buildingSMART Data Dictionary (IFD) were created.
Although the purpose of IFG is to perform the data exchange
over importing or exporting a specific data type, there are
several heterogeneous classes for demonstrating building and
geospatial data. Thus, using a various interoperable format for
building and GIS classes is appropriate. The current method for
represent the objects and their relationship that supplied by IFD
Data Dictionary is by tagging all data from IFC format with
Globally Unique ID (GUID).

Jetlund et al. (2020) enhance the interoperability between the
BIM and GIS domains by connecting and synchronizing the
main information theories from IFC and ISO/TC 211 standards.
This main theories from the IFC and ISO/TC 211 have been
connected in the UML model, along with transformations to
application schemas for the Geography Markup Language
(GML) and EXPRESS have been examined. Results indicate
that IFC model might be explained as an ISO/TC 211
compatible with UML model and that conceptual theory from
the ISO/TC 211 standards can be connected to the fundamental
of IFC ideas.

Djuedja et al. (2019) investigated the issues of interoperability
in BIM. The variety of participants involves, and the extremely
long-life phase of the building reduce the capability to resolve
the related issues. Once tracking the significance of
interoperability of BIM, overviewing questions, and listing
current resolutions is importance phase which highlight the
requirement of interoperability in BIM. The result of this study
is a review of faced interoperability challenges in BIM also aids
to specify current solutions.

Zhu et al. (2019) intends an Open-Source Approach (OSA) that
can recovered the geometric data in IFC out of spatial structure
of IFC-Tree and translate the data into shapefile by using an
Automatic Multipatch Generation process (AMG). A study on
bridge model demonstrate OSA is extra effective than DIA and
is equivalent to Feature Manipulation Engine (FME). This
altered model is much simpler to operate and it can be applied
in many purposes. By improving the data conversion from BIM
to GIS, OSA can be connect BIM and GIS in a secure and
useful approach. But their effectiveness would be more
enhanced contrasted with FME.

Wang and Issa (2020) study on solving the data interoperability
problems and focus the related study gaps by using the ontology
to integrate BIM and GIS for indoor routing. In this research,
extraction IFC data format from BIM was applied and it is
commonly adopted by open standard in AECO industry. To
create the integrated ontology, IfcOpenShell was used to obtain
the indoor geospatial data from building information models. In
order to query the integrated ontology model, SPARQL
language query was used. By using the sample application from
a sample IFC model that developed to examinate the
recommended process, it’s shows that the results from the
ontology was acceptable for the integration BIM and GIS

De Gaetani et al. (2020) identify weaknesses in data exchange
by evaluating various potential situations wherever a model IFC
four-dimensions (4D) BIM model and associated Gantt charts
were exchanged. Geometrical and nongeometrical data
exchange over IFC files, the precise readability of 4D data, and
existence of misplaced schedule data in Gantt charts after their
import/export process happen were verified throughout the
interoperability analysis of IFC data and Gantt charts. Results
demonstrate that interoperability between the analysed
programs is not constantly guaranteed, which offering practical
understanding into convincing situations.

Hbeich and Roxin (2019) study on accomplish semantic
interoperability between BIM (IFC) and GIS (CityGML), which
improve the representation of building information into its
features and its neighbouring atmosphere; also, they talk on
modifying of PLU regulation into semantic enquiries.
Throughout this study, they propose (1) BIM and GIS
interoperability methods, and (2) linking the interoperable
models, with PLU levels. The combination of the two methods
helps they check the relationship and compliance of building
elements with urban and construction rules. However, the
approach is semi-automatic and rely on human intervention.
This approach addresses (Problem 1) the building scale model
of interoperability between IFC and CityGML, and (Problem 2)
the connection between PLU rules and the multi-scale model.

Floros et al. (2020) provided an awareness about the
information life cycle during Design & Construction in the HS2
Rail Infrastructure development and examine the influence of
present data organisation procedures and in specific Standards
such as IFC, BIMGIS interoperability and life cycle of asset
management. The products explain the stages of mis mapping
throughout the exporting process to IFC which differs
dependent on the infrastructure asset type. Analysis
demonstrates that its deliverable by the establishment of extra
semantic property sets to assist downstream of BIM-GIS
interoperability for Operation and Maintenance (O&M),
allowing opportunity for potential job.

Ding et al (2020) proposed a new technique to create the feature
vector and maps the IFC and CityGML schema over text
mining methods at schema level by using linguistic-based
semantic mapping which used the letter trigram-based word
hashing method (WHSMM). By applying the WHSMM to
acquire the semantic mapping precision and recall, the results
were compared with a different linguistic-based method and its
show that the performance of WHSMM is much more enhances
to another method. Hence, to translate the IFC datasets into
CityGML, the mapping applicants of WHSMM was applied.
The translation findings shows that WHSMM’s mapping
applicant can be applied for functional data integration. By
using this semantic mapping method, it can help to plan the IFC
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and CityGML schemas by decreasing the search area of the
manual mapping method.

Biljecki and Tauscher (2019) discussed one of the initial stages
to planning out a structure in faults and quality management in
the perspective of BIM-GIS interoperability which refer to the
empirical outcomes. Their aim is the translation from IFC to
CityGML, recognizing various systematic errors possibly
shared and/or special to the perspective of BIM-GIS
conversion. It also examines the taxonomy and the possible
affect when involved in application and displaying various
weakness relating to IFC-sourced 3D city model. This study is
also applicable with admiration to the increasing acceptance of
translation among IFC and CityGML, theoretically assisting
others to dodge numerous of the mistakes that can happen in the
development and creating guidelines to establish a standard to
estimate the presentation of the interoperability workflows.

Noardo et al. (2020) described the OGC CityGML and
buildingSMART as a reference standard for georeferencing
application in IFC and produce a steady translation between 3D
city models and BIM. A test dataset in two reference standards
were presented as a standard. The translation tools between
CityGML and IFC, and georeferencing standards was explain
and examined by using external volunteers. After the
examination of the results, it was likely to announcement that
there are tools and procedures offered to full explanation of the
requirements, support georeferencing and data translation, clear
guidelines to achieve such two tasks, as fine as solid
technological explanations applying them, are still missing in
functionalities. Those problems can be as practical set up point
for developing the next GeoBIM integration plans.

Roxin and Hbeich (2019) provides a high-intensity explanation
of the method for connecting the interoperability gap between
GIS and BIM techniques. Following the review of guidelines
offered in the studied application areas, the additional detail of
interoperability problems applying and introduce current
methods for achieving interoperability between models. Based
on these methods, they also examine their method and the
associated multi-scale modelling. This paper demonstrates in
what way it permits attaining involvement between GIS and
BIM practices, although maintaining reliable interpretation on
the characteristics of the related techniques. They assume
together with directory of potential effort need to be
accomplished to achieve this concept.

3. CASE STUDY

This study describe the data interoperability during data
exchange between BIM into GIS. Autodesk Revit was used to
develop BIM model, FME used as a platform to perform
translation process and ArcGIS used as GIS platform to show
the results of translation and some analysis.

For the case study, BIM model that created applied for
preconstruction planning but the data that provided can be used
during the life-cycle of construction project. BIM model
developed based on the requirement for the BIM Level of Detail
(LOD) 400, which mean cover the building data structure that
required for construction project including the costing data and
project schedule. This BIM model not only cointained the
geometrical data but also included the semantical data of the
building. By using this BIM model, all information about the
building for construction purpose will be illustrate.

Data interoperabilty was created before the data exchange can
be done in FME platform. Figure 1 shows the flow of the
process to perform the translation and where the data
interoperability involve.

Convert BIM model (.rvz) Model
to GIS Model (.shp) using FME
Workbench

Convert BIM Model in Revit (.rvt) to
BIM model (.rvz)

Read BIM Model {.rvz) in
FME Data Inspector

GIS Model - Checking Data

BIM Model - Checking g
tructure

Data Structure

View GIS model using
ArcGIS - ArcScene

Analysis the GIS
model based on the
data characteristics

Figure 1. Flow of the translation process.

Figure 1 explain the flow of methodology for this research. To
develop the BIM model, the as-built drawing has been used as a
reference to design the 3D model of the building by using
Autodesk Revit software. This model was built by researcher
built on the real-world practices. During the development
procedure, the data model of the BIM model was investigated to
produce a data model that can be used for the GIS platform too.

For this study, Industry Foundation Classes (IFC) data model
was used to explain the architectural, building and construction
industry data. International Alliance for Interoperability (IAl)
has developed IFC as an object-based file format with a data
model to assist the interoperability in architecture, engineering,
and  construction  (AEC)  industry  (buildingSMART
International, 2019). For this study, IFC classes that involve are
IfcWall,  IfcWindow, IfcDoor, IfcCovering, IfcBeam,
IfcColumn, IfcStorey, IfcRoof, IfcRailing, IfcRamp, IfcStair,
IfcStairflight, and others. All this IFC classes was included in
the data model that developed to build the data interoperability
between BIM and GIS platform. This part of data model will
not discuss in this paper.

After the BIM model developed in Autodesk Revit (geometric
and semantic data), all data will translate to GIS platform by
using FME platform. FME refer to the Feature Manipulation
Engine that takes an ETL (extract, transform, load) attempt to
data integration (safe.com, 2020). During the translation BIM
into IFC, the data structure for each data geometric and
semantic was checked to make sure all data was carried forward
to IFC format without the problem of missing data and
mismatch data because usually this is the major problem happen
during the integration process (Basir 2018, Andrew, 2020).
These problems occur because GIS and BIM used different data
types and file formats. GIS doesn't support the BIM’s
primitive’s data which produce difficulty which produce
geometry data loss during exporting process. BIM does not
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establish semantic information and it turn into a crisis after
semantic information losses throughout data export.

Next step after making sure that there is no problem which the
missing data and mismatch data, the process of translation IFC
into GIS can be carry out. This process also used FME as a
medium to translate the data. Throughout this process, the
missing and mismatch data problems also need to be check back
in order bring all the geometric and semantic data into one
platform which is ArcGIS. In ArcGIS platform, all data must be
link between each other based on the data model development.

After the process is analysing the GIS data model based on the
data characteristics which is focus on data dimension (scaling)
and coordinate system data. Besides that, by using this GIS
model, some query function also can be carried out for example
of location of each element of the building including their
semantic data.

4. RESULTS AND ANALYSIS

Autodesk Revit is one of the BIM software that has been
used in supporting the architects, landscape designers,
structural engineers, mechanical, electrical, and plumbing
(MEP) engineers, and contractors for construction purpose.
The software permits the clients to create a construction’s
building and its modules in 3D, interpret the model with 2D
design elements, and retrieve building data from the building
model’s database (Michael, 2012). Figure 2 show the results
of BIM model in Autodesk Revit.
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Figure 2. BIM model in Aurodesk Revit.
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Figure 4 below show some query fuction that can be perform by
using the 3D GIS model in ArcScene. This query function can
be helpful to the life-cycle of constriction project because they
can locate each entities/elements of the building using specific
id or general information of the elements.
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Figure 4. The querying process of the window and railing
elements in ArcScene.

After translation process, some analyses were carried out in
order to check the data status. For example, in term of scaling
and coordinate system. Figure 5 show the scaling analysis while
Figure 6 show the coordinate system comparison.

Figure 3 show the 3D model in ArcScene ArcGIS after
translation process. In this figure, it shows that all geometric
data in BIM model was successfully carry forward into GIS
platform after the translation process.
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In the analysis steps, it shows that measurement and coordinate
system between both domains is same which means all data was
carry forward in corrected dimension.

5. CONCLUSION

This paper aims to describe the data interoperability in data
translation between BIM and GIS without changing the data
dimension in term of scaling and coordinate system. Results
from this paper show the important of data interoperability
throughout the process to bring all the data in the BIM model
into GIS environment. In the future, this data will be extended
by data matching functionality to represent the data linking
between each data including BIM data and GIS data.

This study can be beneficial to construction industry because by
using this study, preconstruction planning can be managed
efficiently with the help of GIS. GIS can provide the spatial
analysis function which can be used to planning purpose,
managing the construction plan during the life cycle, and
managing the data for the maintenance purpose. The example
analysis that GIS can be used to helps the construction project is
in term of site selection, site layout, route planning, and others.
Future integration can be extended by having more advance
spatial approach such as embedding topologial information in
the model (Lowner, 2013; Salleh and Ujang, 2018; Ujang et al.,
2019) and implementing complex data structures to the models
(Azri et al., 2020; Keling et al., 2017; Kremer et al., 2013;
Ujang et al., 2013).
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