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ABSTRACT:

Since the advent of Computer-Aided Design (CAD) and Geographical Information System (GIS) tools, project participants have
been increasingly leveraging these tools throughout the different phases of a civil infrastructure project. In recent years the number
of GIS software that provides tools to enable the integration of Building information in geo context has risen sharply. More and more
GIS software are added tools for this purposes and other software projects are regularly extending these tools. However, each
software has its different strength and weakness and its purpose of use.

This paper provides a thorough review to investigate the software capabilities and clarify its purpose. For this study, Autodesk Revit
2012 i.e. BIM editor software was used to create BIMs. In the first step, three building models were created, the resulted models
were converted to BIM format and then the software was used to integrate it. For the evaluation of the software, general
characteristics was studied such as the user interface, what formats are supported (import/export), and the way building information

are imported.

1. INTRODUCTION

Data conversion between these CAD/BIM and GIS systems is
resulting in a enormous mismatch that are require a manual
work to be undertaken, due to limitations associated with
exchange of data and knowledge. In 3D, spanning a bridge
between CAD and GIS is even more challenging (Oosterom et
al 2006, Isikdag and Zlatanova 2009, Emgard and Zlatanova
2008, teghtmeijer et al 2009, Wu, and Hsieh, 2007). This is due
to the following facts: existing CAD and GIS platforms have
been developed independently with different purposes resulting
in significant differences in terms of data formats they support,
terminology they used, semantics of concepts they represent,
reasoning techniques on which they are based, different scale
representations, and transformation of the local (CAD)
coordinates into reference system for both the horizontal and
vertical coordinates, geometry modelling in both systems, CAD
software provides all kinds of primitives to create geometric
(and their visual attributes), it represent objects with different
representations such as CSG and Sweeping, however these
primitives are not supported in GIS (e.g. parametric primitives)
while geospatial models mainly use BRep as the main
geometrical representation method; Furthermore, CAD models
usually do not store topologic information which is in fact an
important characteristic of geospatial models (i.e. geospatial
models use topology to store geometric information in a more
efficient manner)., For these reasons currently CAD and GIS
platforms are not interoperable. Recently and as a result of the
developed building standard such as Industry Foundation
Classes (IFC), the Integration between Geospatial information
and BIM/CAD could have been achieved at semantic level [6].
Efforts deals with bridging the gap between BIM/CAD and
geospatial information models are providing harmonization of
semantics that allowing the interoperability at the data level
(IFC explorer, 2008, Paul and Borrmann 2008, IFG, 2006) and
as web services (Lapierre and Cote, 2008). Current building
models are capable to store semantic information and spatial
relationships of building elements in an object oriented data
structures. As a result different tools are being developed that
enable the transformation of building models to be represented

using 3D City data model standards (BIM server 2009, IFC
explorer, 2008) and thus enable the visualization within 3D
geospatial context using GIS software which provide stand
alone or add on extension which is limited for visualization
purposes, and by doing so, neglects spatial analysis, the very
core of a GIS system.

This paper provide a review to a number of GIS software and
investigate its capabilities to integrate CAD/BIM in GIS and
perform spatial analysis, different software’s have been revised
including: AutoCAD Map, Google and ArcGIS. The work
includes developing a proof of concept data migration and
analysis for BIM using ArcGIS.

2. ONGOING WORK AND OUTLOOK
2.1 Modelling of the buildings

The software’s evaluations are based on the integration of three
BIM models using selected GIS software’s. The models were
created using Autodesk Revit 2012 software, Revit is
specifically built for building information modeling (BIM)
providing a complete architectural design and documentation
solution, supporting all phases of design and all architectural
drawings and schedules required for a building project, from
massing and conceptual studies through the most detailed
construction drawings and schedules (Revit, 2013).

2.2 Tests of import

Revit offers multitude of possibilities of export. On one hand
CAD's diverse formats such as dwg, dxf and dgn. On the other
hand we have the format IFC, the great promise created by the
International Alliance for Interoperability with the purpose of
facilitating the interoperability between different actors in
Architectural, construction and engineering industry (AEC)
(Mikael Laakso, 2012).

This phase of the research has been based on testing each of
these formats with different GIS software’s. The objective of
these tests is to analyze the result of each one of these
integrations, since the purpose of the project is to manage the
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integration of the model with their database in a GIS system
without any problem.

2.2.1 DWG to Google Earth

Google Earth is a virtual globe, map and geographical
information program it maps the Earth by the superimposition
of images obtained from satellite imagery, aerial photography
and GIS 3D globe. Many people use the applications to add
their own data, Google Earth is able to show all kinds of images
overlaid on the surface of the earth and is also a Web Map
Service client (Google Earth, 2013). Google Earth supports
managing three -dimensional Geospatial data including 3d
models such as buildings through Keyhole Markup Language
(KML).

The process of integrating a BIM model in Google Earth is not
straightforward; first it is necessary to open the BIM model in
format .dwg with the software Sketchup. After several
operations we will be able to visualize it in Google Earth.

The results nevertheless have not been satisfactory. The
integrated model is a block and it does not contain any
information with regard to its elements.

2.2.2 DWG to AutoCAD Map 3D

Autocad Map 3D is software that provides access to GIS and
mapping data to support planning, design, and data
management. The software is capable of working with both
technologies CAD and GIS (Autocad Map, 2013). It can import
most CAD format. Moreover, it provides the possibility to
integrate, edit and analyze geospatial information.

After the tests was finished, the result was been a change in the
structure of the model. A BIM model is formed by elements,
such as walls, doors or windows, nevertheless, after integrating
it in Autocad Map 3D, the model has been transformed in a
model formed by meshes of polylines, in the structure of CAD.
After this change in the structure, it is impossible to export the
model again with its associated attributes; therefore, AutoCAD
Map 3D still do not provide a valuable solution.

223 ToArcGIS

ArcGIS is a comprehensive GIS platform that allows users to
collect, organize, manage, analyze, communicate, and distribute
geographic information (ArcGIS, 2013). ArcGIS is capable of
reading CAD formats and integrate them in GIS as layers.
Using ArcGIS interoperability extension we performed the
following converges for CAD and BIM formats.

2231 DWG to ArcGIS 10

ArcGIS is capable of reading DWG format and integrate it in
GIS as layers. Using ArcGIS interoperability extension ArcGIS
brings the DWG file into five generic layers: annotation,
multipatch, point, polygon, and polyline each contain entity-
linked attributes. It is possible to query this resulted layer in
ArcGIS and derive some information from it. However, this still
did not provide a full solution since DWG is just representing
the geometry of building objects with no any further attributes.

2232 DGN to ArcGIS 10

DGN conversion was expected to be similar to DWG, but the
test shows that the ArcGIS was able to bring this file as a set of
points corresponding to the vertexes of every drawing elements.
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2233 IFC to ArcGIS

To import the IFC format into ArcGIS it is necessary to have
the new ArcGIS extension / ArcGIS Data Interoperability.
Using this extension the building is converted into ArcGIS as a
collection of layers each represent one IFC entity with its entire
attribute, therefore there is a need for a full understanding of the
IFC schema so the user can extract the required information.
The next section describes a proof of concept for IFC migration
and analysis in ArcGIS.

Figure 1 : Horizontal shift of the entire floor of the building

3. PROOF OF CONCEPT DATA MIGRATION AND
INTEGRATION IN ARCGIS

ArcGIS Data Interoperability extension provide an easy
integration of IFC files in ArcGIS, the result of the conversion
is a list of layers each represent one entity associated with a
table has columns represent the entity .

3111 Spatial adjustment

ArcMap provide a tool for spatial adjustment of objects, using
this tool the 3d models was placed into its correct location.
Coordinates are expressed in the French Lambert 93 projection
system.

Figure 2 : BIM Models of 3 buildings

3.1.1.2 Performing spatial quires

After geo-referencing the 3D models were done. The models
were visualized using Arc scene. Further we implement two
queries, below is a description of these quires and its results

Query 1: Select all the doors which made from wood?
This query was performed using standard ArcGIS tools. It was

done directly using select by attribute function on the door
table, Fig 3 illustrate the query results.
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Figure 3 :
material

Query 2: Calculate the total floor area of specific building in
the university campus?

This query was not possible to be undertaken using the standard
ArcGIS tools. Therefore a special tool is developed using
ArcPay. The query was to calculate the floor area of the
building “Vauban” from ESTP campus. The floor area of a
building refers to the sum of floor area closed and covered
under a ceiling with height greater than 1.80 m. Therefore, we
use Python to develop a script that is able to perform the
required operation.

4l

Figure 4 : using 3d GIS functionalities to delete the non-floor
surface areas/ unnecessary surfaces

Figure 5 : the resulted building after removing the
non-floor surface areas
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[ repport -
File Edit Format View Help
surfaces par etage :
surface sous sol 2 :

surface sous sol 1 :
surface rez de chausse :

529.775255974
523.1919
523.50075
surface premier etage : 523.1919
surface deuxieme etage : 531.315640884
surfaces murs :

surfaces murs sous sol 2 :32.6361807881
surfaces murs sous sols 1 : 53.9572113879
surfaces murs rez de chausse : 41.0875399131
surfaces murs premier etage : 33.2043171495
surfaces murs deuxieme etage : 32.9617650809

surfaces nettes par etage :
surface nette sous sol 2 :
surface nette sous sol 1 :
surface nette rez de chausse :
surface nette premier etage :
surface nette deuxieme etage :

497.139075186
469.234688612
482.413210087
498.111323734
498.353875803
surface totale : 2639.09918774

surface nette totale : 2445.25217342

Figure 6 : the result of the query in textual format
Expected result

The work should provide initial understanding for the available
software for integrating BIM information in Geo-context, also
the type of information that can be integrated i.e. geometric and
semantic. The investigation should also implement a number of
trial conversions that will be carried out in future to investigate
further the capabilities of ArcGIS to perform this integration.

Moreover, the work will investigate a new possible application
for analyzing BIM in GIS. Also, this will include looking for
developing scripts that automate the required analysis. The
script prototype capabilities will allow us to develop a suitable
wiser interface that can facilitate the using of GIS for BIM
analysis.
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