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A Study on the Development of an Indoor Level of Detail(1.OD) Model

for the Linkage between BIM and GIS: Focusing on the Indoor Facility
Management
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Abstract In recent years, according to the increase of interests in indoor space, various researches are
being carried out for the construction and services of indoor spatial information. BIM data is very useful
to build indoor spatial information. Accordingly, many studies for the use of BIM data on GIS part are
in progress. In order to take advantage of BIM data on GIS part, the conversion technology for building
indoor data and visualization techniques are required. However, most of the previous researches are focused
on the conversion technology to construct indoor spatial information by importing BIM data into GIS
applications while there is few research on visualization. In this study, an indoor LOD(Level of Detail)

model is proposed to apply to on indoor facility management system when indoor data was constructed

based on BIM data for the linkage between BIM and GIS.
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Example of LOD for CityGML[12]

Figure 1.

Table 1, Required Accuracy for each LOD level of CityGML[12]
LODO LOD1 LOD2 LOD3 LOD4
Model scale description regional, city, region city, city districts, | city districts, architectural
landscape projects architectural models (interi-
models (exteri- or), landmark
o1), landmark
Class of accuracy lowest low middle high very high
Absolute 3D point accuracy lower than 5/5m 272m 0.5/0.5m 0.2/02m
(position / height) LOD1
Generalisation maximal object blocks as objects as object as real constrictive
generalisation generalised generalised features; elements and
features; features; =2%2m/lm openings are
= 6%6m/Im = 4*4m2m represented
Building installations no no ves representative real object form
exterior features
Roof structure/representation yes flat differentiated roof | real object form | real object form
stuctures
Roof overhanging parts yes no ves. if known yes yes
CityFurniture no important objects prototypes, gener- | real object form | real object form
alized objects
SolitaryVegetationObject no important objects prototypes, higher | profotypes, prototypes. real
6m higher 2m object form
PlantCover no =50%50m =5*5m <LOD2 =L0OD2
...to be continued for the other feature themes
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Figure 3. Complete Model Progression Specification using the Construction Specification

Institute’ s(CSI) UniFormat classification system.[6]

Table 2. AIA BIM Protocol(E202) [1]

LOD 100 - Essentially the equivalent
of conceptual design. the model
would consist of overall building
massing and the downstream users
are authorized to perform whole
building types of analysis (volume.
building orientation. cost per square
foot. etc.)

LOD 200 - Similar to schematic
design or design development. the
model would consist of "generalized
systems or assemblies with
approximate quantities, size, shape,
location and orientation.” Authorized
uses would include "analysis of
selected systems by application of
generalized performance criteria.”

LOD 300 - Model elements are
suitable for the generation of
traditional construction documents
and shop drawings. As such,
analysis and simulation is authorized
for detailed slements and systems.

insge courtesy of Mortenson Construstion

LOD 400 - This level of development
is considered to be suitable for
fabrication and assembly. The MEA
for this LOD is maost likely to be the
trade contractor or fabricator as it is
usually outside the scope of the
architect’s or engineer’s services or
would constitute severe risk exposure
if such parties are not adeguately
insured.

LOD 500 - The final level of
development represents the project
as it has been constructed - the as-
built conditions. The model is
suitable for maintenance and
operations of the facility.
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Simple Detail

Figure 5. Example of LOD about geometry[3]

Detail

Simple

Figure 6. Example of LOD about importance[3]
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Table 3. The mandatary object types for visualization of indoor space

Object Type

Sub-object Type

IfcBuildingElement

IfcDoor, IfcWindow, IfcWall, IfcCurtainWall, IfcRamp, IfcRampFlight, IfcSlab,
IfcFooting, IfcStair, IfcStairFlight, IfcRoof, IfcColumn, IfcPile, IfcBeam, IfcPlate

IfcDistributionElement

IfcFlowTerminal,

IfcEnergyConversionDevice, IfcFlowSegment,
IfcDistributionChamberElement, IfcFlowFitting,
IfcFlowTreatmentDevice, IfcFlowController,
IfcFlowStorageDevice, IfcFlowMovingDevice,

IfcFunishingElement -
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Table 4, Guideline for geometry type and
threshold value of generalization in
case of /fcFunishingElement class

LODI1 LOD2 LOD3 | LOD4
Curve & |Curve & . .
Geometry Surface Surface Solid Solid
Generalization 2 x 2m
(Minimum) 2.5 x 25m| 2 x 2m /1m )
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LOD 1~ LOD 2~ LOD 3~
| IfcDoor | | IfcWindow | |lchIowTerminaI|
| IfcColumn | | IfcCurtainWall | | IfcFlowMovingDevice | IfcPile
| IfcRamp | | IfcRampFlight | | IfcFlowStorageDevice |

LOD 4 (Optional)

| IfcSlab | | IfcStair | I IfcRoof |

| IfcEnergyConversionDevice |

IfcFlowSegment

|lchtairFIight | | IfcFooting |

| IfcDistributionChamberElement

| IfcFlowFitting | | IfcBeam |

| IfcFunishingElement ” IfcWall |

IfcFlowController

| IfcFlowTreatmentDevice |

IfcBuildingElement

IfcDistributionElement

IfcFunishingElement

Figure 7. the definition of LOD for each object types
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Table 6, Experimental environment

Intel(R) Core(TM) i5
cPU 760 2.80 Ghz
RAM 8GB
Machine Graphic Card NVIDIA GeForce GTS
450
0s Window 7 Professional
K(64bit)
Application WWIJ(World Wind Java) version 1.5
main building of KICT(Korea Institute
of Construction and Technology) : IFC
Data format
buildings and satellite image of Songdo
International Business District : KML
and TIF
B Aol A AT A AUES] 444 Bt
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Table 7. Threshold value of distance for

experiment
LODI1 LOD2 LOD3 LOD4
Case 1 None
Case 2 - 20m 10m Sm
Case 3 - 10m Sm 2.5m
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- <ml>
- <LoD>
<depth level="4" distanceToCamera="5.0" sizeToHide="0.0" sizeToShow="1000.0" />
sizeToShow="1000.0" />
. 0.0" sizeToShow="1000.0" />
.0" sizeToHide="0.0" sizeToShow="1000.0" />

<ﬂter level="a" >]fcl!eam ]fcl!nlldlng[lementl)roxy IfeChimney IfcColumn

TicPile Ticplate IfcRailing IfcRamp

ice Ifcsite ifcslab lfcstau- IfcStairFlight
Ifewall ase filte

<filter level="3">IfcBuildingElementProxy m:colnmn ]choverlr\g TcCurtainwall
TfcDoor g IfcPile IfcPlate IfcRailing

TfcRoof ice Ifcsite IfcSlab lfcstau-

IfcRoof

Trewall

<filter level="2">IfcChimney IcColumn IfcCovering ]fccnrtalnwall Ichootlng
IfcPile IfcRoof IfcSlab IfcStair Tewall ase
IfcSpace </filters

<fiter level="1">IfcPile IfcCovering IfcRoof IfcSlab Ifcwall
TcWallStandardCase</filter>

</OBJECT>
</xml>

Figure 8. sample xml file for indoor lod
configuration

. Screen shot of Case 1: Without
an Indoor LOD

shot of Case 3: with

Figure 10, Screen
long distance value for an
indoorLOD threshold
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Figure 11, Experiment result: Frame per second

over time for each case
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