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Abstract

As the map paradigm shifts from analog to digital, the LOD (Level Of Detail) of spatial information needs
to be redefined. In this study, we propose 4- dimensional indoor LOD model which can be used in digital
map environment. For this purpose, the limitation of the previous research is derived through study of related
works, and based on this, four different LODs are defined such PLOD (Position accuracy LOD) based on
position accuracy, GLOD (Geometric LOD) based on shape representation, CLOD (Complete LOD) based on
generalization, and SLOD (Semantic LOD) based on theme accuracy. In addition, we describe the relationships
among the four different LODs, and explain how to express the indoor LOD using the four different LODs and
show examples. In the future, the case studies of indoor LOD adoption for various indoor services and the study
of method for applying CLOD and SLOD to each feature should be performed to verify the feasibility and
validity of proposed indoor LOD.
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Table 1. LOD 0-4 of CityGML with its accuracy requirements (OGC, 2012)
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LODO LOD1 LOD2 LOD3 LOD4
city districts, .
- . . . city, city districts architectural architectural
Model scale description | regional, landscape city, region Y ey ’ . models(interior),
projects model(exterior), landmark
landmark andmar
Class of accuracy lowest low middle high very high
Absolute 3D point aceuracy | e than LODI 5/5m 22m 0.5/0.5m 02/0.2m
(position/height) T o
object blocks objects as Obi | constructive
P imal as generalised eneralised Jects as rea elements and
Generalisation maxima: & & features; :
generalisation features; > features; > >2%m/lm openings are
6*6m/3m 4*4m/2m represented
Building installations no no yes é;?e rreif;rg?fgztes real object form
Roof structure/ yes flat differentiated roof real object form | real object form
represnetation structures
Roof overhanging parts yes no yes, if known yes yes
CityFurniture no important objects gené)r;(iti(z)te}(]ip (f‘ts)jects real object form | real object form
SolitaryVegetationObject no important objects prototypes, higher | prototypes, higher prototypes, real
6m 2m object form
PlantCover no > 50*50m > 5%5m <LOD2 <LOD2

-+ to be continued for the other feature themes
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Table 2. Charateristics of indoor LOD model (Kang and Lee, 2014)
L. Image Geometry
Characteristics
LODI1 LOD2 LOD3 LOD4
Model scale description - - 3D rooms High detailed 3D rooms
Geometric accuracy ) High Very high
(position[/height]) . (0.4m/0.4m) (0.2m/0.2m)
Generalization - - Otgglc;;r;rgfislnffiltluées: Constructive elements
Furniture - - Represe1f1tat1ve exterior Real object form
eature
Data for Visualization | 2D floor plan images |Omni-directional images True ortho-image True ortho-image
Resolution for texturing - - 7-9cm 5-7Tcm
Store view, Virtual indoor|Indoor navigation, virtual| ~ Disaster simulation,
application Indoor navigation space experience, Indoor | building design, disaster Indoor facility
navigation simulation management
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Table 3. Parameters of concern to define Indoor LOD

Parameter Definition
Positional The quantifiable value that represents the
A positional difference between a geospatial
CCUTAcY | Jayer and reality
The nonquantifiable value that represents the
Shape geometrical difference between a geospatial
layer and reality
T The visual or tactile surface characteristics
exture
and appearance of features
. Amount of characteristic described to
Attributes %
eatures
Whether or not a feature appears on the map
Scale according to the requirement of application
services
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Table 4. Parameters and its definition for Indoor Service LODs

Parameter Definition
Positional the positional difference between a
Accuracy geospatial layer and reality
the geometrical difference between a geospatial
Geometry layer and reality without consideration of
accuracy
A the visual similarity between a geospatial
ppearance layer and reality
the quantifiable value that determines whether
Completeness | a feature appears on the map according to the
requirement of application services
S i the inclusion or omission of mapped
emantics features based on their meanings
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Im/1m Pl Low H 0.5m/0.5m
0.4/0.4m — P2 High M 0.2/0.2m
0.2/0.2m HEP3 Very high H 01./0.1m

Fig. 1. Positional accuracy LOD

3.2.2 GLOD (Geometric Level of Details)
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Geometric LOD
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omni-directional

0 ;
G image Appearance
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Polygon opagque coloring

3D Minimum Semi- transparent

G2 . .
bounding Cube coloring

G3 3D generalized Patisia

composite solid

G4 3D exact Photorealistic

Fig. 2. Definition of geometric LOD
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3.2.3 CLOD (Complete Level of Details)
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Fig. 5. Definition of complete LOD

Fig. 601 4= CLODE A% o] 285}, Z}zHe] A2
W AB0] WAlS kel 20 2 AT o2 MO
2 e 220] 7} o] ket 2718 ghE sk 2437
o] 71|}, CLODIOA| CLOD4E W8l ujet Easlt
20| 47} 271510, 714 & 20| CLODAOA: RE

N

7o) Es| T ek
CLOD 1 CLOD2 CLOD 3 CLOD 4 hlgh
Fig. 6. Example of CLODs of Building
3.2.4 SLOD (Semantic Level of Details)
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LOD(Level of Detail) Model for Utilization of Indoor Spatial Data
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Theme
Features
- | Structural Wall, Door, Stair,
| element Elevator, etc.
s1 Changeable Air conditioning,
_ ; element | | washstand, etc. _
S2 Movable iTab!e. Chair, Wall clock,
|57 element Photo frame, etc.
3 Miscellaneous Light switch.
‘ element Power point, etc.
Hidden | N
‘ S4 s | | Pipe, wiring, etc.
Fig. 7. Definition of semantic LOD
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Fig. 8. Example of semantic LOD
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(@) IndoorLOD matrix sample(when SLOD = 1)
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(b) IndoorLOD matrix sample(when SLOD = 2)
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(¢) IndoorLOD matrix sample(when SLOD = 3)

Fig. 9. Example of IndoorLOD matrix
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Table 5. Requirements of indoor disaster management service

Parameter Requirements
N - indoor space is divided to 30cm x 30cm
Position grid cell
Accuracy |- 0.2/0.2m for 3D point position accuracy
is required
Generalization | - Opening is always represented
- - Only movable furniture is represented
Constraint
as 3D
Installation | - Stair is always represented
Semantics |~ All spaces be classified such as room,
corridor, stair
. - Building architectural information is
Attributes needed

Fig. 10. Example of IndoorLOD P3.G3.C3.S2 for
evacuation simulation
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Fig. 11. Example of IndoorLOD P3.G4.C3.54 for facility
management
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LOD(Level of Detail) Model for Utilization of Indoor Spatial Data
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