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Enhancing Project Integration and Interoperability of GIS and BIM Based on IFC
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Abstract

The recent advancements in Smart City and Digital Twin technologies have highlighted the critical role of
integrating GIS and BIM in urban planning and construction projects. This integration ensures the consistency
and accuracy of information, facilitating smooth information exchange. However, achieving interoperability
requires standardization and effective project integration management strategies. This study proposes
interoperability solutions for the integration of GIS and BIM for managing various projects. The research
involves an in-depth analysis of the IFC schema and data structures based on the latest IFC4 version and
proposes methods to ensure the consistency of reference point coordinates and coordinate systems. The
study was conducted by setting the EPSG:5186 coordinate system, used by the National Geographic
Information Institute's digital topographic map, and applying virtual shift origin coordinates. Through
BIMvision, the results of the shape and error check coordinates' movement in the BIM model were reviewed,
confirming that the error check coordinates moved consistently with the reference point coordinates.
Additionally, it was verified that even when the coordinate system was changed to EPSG:5179 used by Naver
Map and road name addresses, or EPSG:5181 used by Kakao Map, the BIM model's shape and coordinates
remained consistently unchanged. Notably, by inputting the EPSG code information into the IFC file, the
potential for coordinate system interoperability between projects was confirmed. Therefore, this study presents
an integrated and systematic management approach for information sharing, automation processes, enhanced
collaboration, and sustainable development of GIS and BIM. This is expected to improve compatibility across
various software platforms, enhancing information consistency and efficiency across multiple projects.

Keywords: GIS, BIM, Interoperability, IFC Schema, Coordinate System, Project Integration
Management
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Table 1. Comprehensive Overview of IFC File Sections, Subsections, and Data Schema with Examples

Section | Subsection Description Example(s)
FILE_DESCRIPTION(('ViewDefinition
Header . . [CoordinationView]"));
Section Defines the start and metadata of the file. FILE NAME(Exampleifc, .);
FILE_SCHEMA(('IFC4"));
Defines the physical components of the building | IfcWallStandardCase
Entities | project. IfcSlab
Each entity has unique properties and relationships. | IfcDoor('Door123', #12, 'Standard Door’, ...);
Defines the data types that can be used by entities. | [fcBoolean
Data Types | Data types are used in property sets or attribute | Ifcinteger
Section definitions. IfcPositiveLengthMeasure(200.0);
. Defines functions for specific operations or IfcAreaMeasure
Functions .
calculations. IfcVolumeMeasure
Rules Defines conditions that the properties or IfcMetric('ArealsPositive', '>",
relationships of entities must meet. IfcAreaMeasure, 0.0);
Footer ] ) ENDSEC;
Section Defines the end of the file. END-1SO-10303-21:
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Table 2. A Detailed Hierarchical Overview of IFC Entities, Their Descriptions, Key Properties, and

Connection Methods

Associated Entities| Connection
Level Entiti Description Key . Example
Y Pt & Properties Method P
IfcSite A residential complex
Top Level | IfcProject Represents the highest IngeometncRepresent Inheritance, project in Seoul, using
level of a project ationContext Reference |meters as the unit of
UnitsinContext length
Represent.s the . IfcProject Site location: Latitude
. geographic location and |IfcLocalPlacement Reference, R .
IfcSite h . . . .. |37.0000°, Longitude
information of the project|ReflLatitude Association .
: . 126.0000
site RefLongitude
. IfcSite I ) e
Component - Represents a building Reference, |"Main Office Building",
ffcBuilding within the project ffcLocalPlacement Inheritance |Building ID: BLD_001
pro) BuildingAddress 91 BLE
IfcBuilding |Represents a floor within a IfcBuilding Reference, |5th floor of a 10-story
- IfcLocalPlacement . - .
Storey  |building . Inheritance |building, Elevation: 15.0m
Elevation
Represepts. a spec.|f|§ IfcBuildingStorey Conference room, Interior
space within a building, |IfcLocalPlacement Reference, .
IfcSpace ) . . . space, Floor elevation:
typically used for InteriorOrExteriorSpac | Inheritance 0.0m
Sub- room-level management |e '
component e Wall, |Structural and IfcBuildingSt
cyvall, ructural an ¢ UIA Ing-torey Reference, |Wall material: Concrete,
IfcBeam, |non-structural elements |Material Inheritance | Colurmn material- Steel
IfcColumn |of the building LoadBearing '
IfcRelContain |Indicates that an element . . .
. . ; s RelatingStructure Furniture in a conference
edInSpatialSt |is contained within a Reference
} RelatedElements room
. ructure  |spatial structure
Relational c . |
IfcRelAssocia |Connects material RelatingMaterial °”Cfete and stee
. . Reference |associated with walls and
tesMaterial |information to elements |RelatedElements
columns
IfcLocalPlace | Defines the local PlacementRelTo Reference, |Door position: Placed on a
ment placement of an element |RelativePlacement Calculation |wall facing south
Placement i
IfcAxis2Place | Defines the placement of Lo;atlon . Accurat.e plqcement of the
; Axis Calculation |door with directional
ment3D |an element in 3D space N .
RefDirection settings
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Table 3. Software Process for Sectional, Hierarchical Access, and Additional Functionality in
GIS-Related IFC Schema Data
Steps. |Sectional Approach|Hierarchical Approach Description Additional Functionality

Header Section

! (IFC version)

Ensure the file path is correct and
implement error handling

Data Section
2 Top Level(IfcProj
(Entities) op Level(IfcProject)

Verify the IfcProject schema and
select appropriate project

Select the appropriate project if
multiple are present

3 Component(IfcSite)

Examine and update IfcSite
schema properties

List all properties and identify
missing or additional properties

Validate and update CRS property

Validate existing CRS

4 Types Site location . . information and ensure
information o
compatibility
. IfcLocalPlacement |Reorganize spatial and CRS data |Add IfcSite schema and check
5 Functions . . .
IfcAxis2Placement3D |for consistency details
6 Footer Section Validate inputs and confirm Implement input validation and

modifications before saving

verify changes

5.GIS 3! BIM 4528 Zi} Hn M

GIS 2! BIM AS28& ¢I¢t IFC zhE 44 23}
&S 95l Autodesk AFQ] Revit T2 1S &85}

0] BIM Heg ddsiion, 2R EQ| 71 5

# IFC Reference Point Updater - O X

IFC File:
C:/Users/KTH/Desktop/Default.ifd

HZY IFC Y HE
SR A EHEPSG)

HI & ABAEPSG)

B X 0.0 BAE X FH:
B Y: 00 HIE Y IE:

B Z: 00 HIE ZHZH:

Figure. 1 GUI of Custom Software Showing
Coordinates and Coordinate System of the
Transformed IFC File
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