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Development of the Spatial Indexing Method for the Effective
Visualization of BIM data based on GIS
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Abstract Recently, with the increasing interest in facility management based on indoor spatial information, various
studies have been attempted to manage facility conversion between BIM and GIS. Visualization of the geometry data
for a large-scale is one of the major issues to the maintenance system. Therefore, this study designed the spatial
indexing algorithm through an IFC schema-based scenario for the effective visualization of BIM data based on GIS.
A part of the algorithm was developed implementing the OcTree structure and this research has a test for the
developed output with IFC sample data. Ultimately, we propose the spatial indexing method for the effective
visualization of BIM data based on GIS.
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BIM based Urban Facility Maintenance Overview
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[Table 1] Advanced Research Review([2-8])

Research Research Title
Information Main Issue
BIM and GIS
Constructing 3-D GIS Campus Model with
. Detailed Building Information
ED. Kim, et
al(2011) Presents a method for acquiring detailed building
models from BIM and managing the building
information on 3-D GIS
Integration of BIM and GIS: The Development of
the CityGML GeoBIM Extension
R. de Laat,
et al(2010) | Describes the development of a CityGML
extension called GeoBIM to get semantic IFC
data into a GIS context
The External BIM Reference Model Suggestion
for Interoperability Between BIM and GIS
T. W. Kang,
et al(2012) Proposes  the external BIM reference model

including the metadata which defines mapping
rules from IFC to CityGML

Technology trends and Literature review of
Domestic and Foreign Maintenance System

Scenario Desian for Spatial Indexing Algorithm of
BIM data

Scenario

Application of Algorithm with IFC Sample Test

Test Output Analvsis and Deduction of Imblication

-

Proposal of Future Method Development Direction

[ ]
[ ]
[ ]
[ Structure Design for Spatial Indexing Algorithm based on ]
[ )
[ ]
[ ]

[Fig. 1] Research Process

Spatial Partitioning Method

A Greed space partitioning method using leaf
nodes of QuadTree on MMORPG

Y. M. Kim,

et al(2004) Presents a new method to do space-partitioning
for dynamic and static objects using leaf nodes
of QuadTree on MMORPG
Design of Memory-Efficient Octree to Query

S, H Large 3D Point Cloud

Han(2013) Designs a memory-efficient octree for querying
large 3D point cloud
DGR-Tree : An Efficient Index Structure for
POI Search in Ubiquitous Location Based

D. W. Lee, | Services

et al(2009) Examines how to search large and skewed POI
efficiently in the u-LBS environment and proposes
the Dynamic-level Grid based R-Tree
Study on the Method to Create a Pedestrian Path
Using Space Decomposition based on Quadtree

C. 10 Ga, et

al(2010) Suggests appropriate methods to create paths that

can be used in pedestrian navigation service, by
using motion-planning technology
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[Fig. 4] OcTree Surrounding 3D Model[9]
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[Table 2] Description of UML Class based on IFC

Class Member Description
- . Project information
Projectinfo profect ID 4 luding the building
building_ID Building own ID by
Building modeler
header_ID Header own ID by modeler
object_ID Object own ID by modeler
Object object_GUID | OPtect own GUID assigned
automatically in project
object_Type Object type by modeler
B Low level of object
Product generally in IFC
Object ObJec.t placement Wlth 10(':31
Placement - coordinate for relating with
GIS data
shape sentati ;
Representation Rgpresentdtlon of object
style with shape and style
Shape - Shape of object
Mesh - Shape type for visualization

[Table 3] Description of UML Class based on OcTree

Class Member Description
building 1D Building own ID ‘by
modeler for mapping
parent: Parent node for spatial
OcTreeNode Nodelndex indexing
child: Child node for spatial
Nodelndex indexing
. Relationship point
RCl)chect GUID between object and
elerence OcTreeNode
P1: point3D Point 1 of Spatial Indexing
. Area
Region3D - - -
P2 point3D Point 1 of Spatial Indexing
Area
X X axis for 3D
Point3D Y Y axis for 3D
Z 7 axis for 3D
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[Fig. 6] Spatial Indexing Structure of Large-scale BIM Data Model based on OcTree
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[Fig. 71 Sequence of Spatial Indexing

g g;cgpsgjtﬂa)” [Fig. 8] IFC Sample Data for Algorithm Test

C : Get Level of Detail( )

D Return Spatial Index_Level of Detail [Table 41 Information of Sample Model

E : Check Cache( )

F : Get Object Data( ) Contents

G : Retun Object Data Building Use University / Education

H : Make Request URI( ) Floors 1% basement - 5" floor

I : HTTP Connection to Query data & Send Request( ) Volume 41439’

J - Return HTTP Response & Send Object Number 1263 Objects
Space Count 63 Spaces
Space Volume 6458 94m’”
Triangle (TIN) 30017 Triangles
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CPU Intel(R) Core(TM) i5 CPU 760 2.80Ghz
Memory
(RAM) 80 G
Graphic card NVIDIA GeForce GTS 450
Ospsgg?ln Microsoft Windows 7
60
50
" \,f\
-3 ~
FPS) 20
10
1]
5 10 15 20 25 30 35 40 45 50
TIMES (5)
= OiTres Application w— Non-Application
[Fig. 10] Comparison on Frame Rates of Spatial

[Fig. 91 Spatial Partitioning Test of BIM(IFC) Data
based on OcTree
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