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Abstract: City street environments are highly populated with 3D Hnijddata and associated information. Therefore, a suitddiz
representation scheme is needed for effectively repnegerelevant information to an urban navigator. The focushaf paper is to
propose a design methodology for providing users with jdsgaate information that helps them to satisfy their pugpafsvisiting a
particular building in a city street. In addition, we suggesnechanism that renders the requisite information witbcsige levels of
detail by emphasizing the regions of interest and diminigtihe details of less important regions, depending on tkesuastention.
Preliminary tests of the proposed data scheme on a set aitreat building data and its evaluations show the feasitaifiour approach
to extend to large scale mobile applications.
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1 Introduction to more usability, interactivity, and ease to find a
particular building in a city stre€].

Urban street environments are highly populated with 3Ddier\:?shF;:1%paii eieiiglg,nin%e}t:qgﬂgfggnfg remtsalggiz?r:g
building information. The data quantity is t00 large to be important areas in the street data. In 'Ehe proposed design
represented in any'data representation scheme. Ever) ethodology, we represent the entire city information
su_qh a representation were pc_)53|ble,. the extend .Of It?ﬂerarchically as structural semantics using different
utilization and management in various apphcatlonsleveIS of detail (LODs) for both geometry and texture
including navigation systems, driving simulators, urbanT :

; : - This structural hierarchy is then semantically mapped to
data management, traffic analysis, etc. would be ated'ouﬁser specific functional semantics. We represent the

and complextagk. If acity is considered as an aggregatio%u”ding model as a resource description framework
of large data units that can be decomposed into numerou DF) schema based on building ontology and its
meaningful objects, then each entity can be represente lationships with other building parts. This approach
semantically {] and its relationships can be expressed a elps to prioritize buildings depending on functional

a hlerarchlcal' da’ga StrUCtL.”e'.Th'S concept can be ““"Z‘? lusters and associate them with the users intention in real
in urban navigation applications, where the users mairy,

purpose is to find the destination building(s) of interest. |

such a scenario, providing the entire street area data to the The remainder of this paper is organized as follows.

user would not be meaningful, as he would have toSection Il describes the related research. Section Ill
perform many cognitive interpretations himself, and as afocuses on semantic data modeling. Section IV shows the
result may sometimes lose the point of interest (POI) ofDB Schema of our building model. Section V discusses

his destination building. Detailed graphical content isthe application of our approach in a 3D platform. Section

indeed more subjective but also confusing to the userVI provides the experimental results and evaluation.

Thus simplifying the content of street area data will lead Section VII presents some concluding remarks.
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Fig. 1. The proposed semantic level of detail data structure digfimitllustrating the mapping between structural semaraicd user
specified functional semantics.

2 Related Works geometrical, topological, semantic, and appearance
, aspects of 3D city models. CityGML represents buildings
Research related to a new representation scheme fofq4 building parts using different LOD. The Open

urban street navigation has become increasinglygeospatial Consortium (OGC) has adopted CityGML as
important in the last few years. A number of different 5, official standard for representing cities in 3D.

standards and hierarchical classifications of 3D citieghav CityGML distinguishes between different buildings and
been developed for this purpos#.[Gao et al. f] discuss  qther artifacts in a city, such as transportation, vegatati
several different visualization taxonomies, classifasi  \yater bodies, city furniture, and streets. According to the
and terminologies, and describe how to use the ontologysityGML encoding scheme, different buildings in a group
in the portal for discovery visualization services. may be given individual attributes such as Main Building.

_ One purpose of the Top Level Visualization Ontology The representation and the semantic structure of buildings
is to provide a common vocabulary to describe gre refined from LOD1 to LOD4. The different LODs
visualization data, processes, and producH. [It 40w for a more detailed view and a low-poly

describes some modifications for the Visualizationrepresentation of city models. A CityGML model may
ontology that can provide better representation of thejciyde several models of the same building but with
visualization process and data models. The Visualizationyitferent LODs. which is useful when different parts of
Ontologies Workshop €] investigated what the o (ataset have different sources and accurddy. [
components were of such ontology, and how refationshipseyom this, we have designed a methodology for reducing
from a given ontology could be derived. Such ontology ihe computational cost of transmission of real street area
could also facilitate sharing of the process modelsyaia ysing multiple level information representation. We
(pipelines) between visualization ~developers, andpaye considered a photorealistic and non-photorealistic
collaboration and interaction among users. M. Voigt et a'-approach for providing different LODs to the user. The
[7] systematically surveyed the broad corpus of ygers intention for visiting a target building is also

visualization literature and discussed existing conceptSconsidered in our proposed data structure representation.
and found the difference between continuous and discrete

ontology representation. We have designed our own
visualization ontology for urban street navigation.

City Geography Markup Language (CityGML)
[8I[9][10] is another data model for representing the
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Level Imagery Terrain 3D Building emphasizing important areas in the street data. Our
— Data DEM Data Data approach is a multi-level information representation and
resolution resolution visualization, considering the spatial hierarchy and aisu
meters (/256) meters(/32) |eve| Of detall
14 2048 16000
To represent large city area, we use the quadtree data
r 1024 8000 structure 12][13[14]. in which each internal node has
12 512 xpm 40y exactly four children. This tree structure includes a set of
1 256 2000 tiles, where each tile is an image or map of the ground
1 128 1000 location at a fixed zoom level. The number of tiles in the
, o s NDM tile set depends upon the size of the area depicted, and the
or NDM resolution of the map. Tile positions within each zoom
8 2 Sl p— level are indexed by tile column and tile row numbers.
7 16 128 Tile columns are numbered from left to right and tile rows
p s 64 from top to bottom of the global map. Any tile position
. , Dum o can be iden.tified by its quadtree level, tile row, and tile
g column. Fig.2 shows the quadtree level data
J Z or 1 representation.
S B T Oro g We represent a cut in the quadtree as the current
2 0.5 4 rendering list in the formatquadtree level, tile row, tile
q s 7 columr>>. We call the cut in the quadtree a map tile.
. o128 . Us[ng our approach of semalntlc_LO.Ds, this map ple,
' which is in the form of a rendering list, is regenerated into
AL D e et a revised rendering list in the formanew quadtree level,
tile row, tile column, rendering method The
Fig. 2: Quadtree level data representation regeneration process is performed by generating an
importance map, assigning different ranks to different
3 Semantic Data M odeling tiles, as shown in Fig.3. Ranks are determined by

semantic importance of entities in the tile. Having chosen
the projection and scale to use at each level of detail, we

Our approach for providing user friendly guidance for . . ; . ;
city navigation involves enhancing information based onS2" Convertgeographic coordinates into pixel coordinates
The pixel coordinates at each level differs because the

:[/Uee L(J:z?]rssic;gtregugitn and hiding less Important data. '.:urther{nap width and height is different at each level. The pixel
y as an aggregation of data entity tha
has numerous meaningful objects. Each entity can be
represented semantically, and its relationships can be
expressed as a hierarchical data structure, as shown in
Fig.1. The semantics of each entity represents the
meaning of building information by considering
structural, functional, and user preferences aspects. Rausedte Lv6 L6
The city is decomposed into specific regions. The
regions are further sub-divided into functional clustens f MapTie > Dve Importance Map
grouping the buildings. Each building can be further (Selctionwith high aak) i | e
represented as multi-level information, representedgusin
both structural and texture based LODs. L
The user semantics consists of understanding the s g T
user’s intention, analyzing the users situation, and
mapping the users intention onto the functional group of
buildings or a single building. This concept can be | , " ‘_ &
utilized in urban navigation applications, where the users| ¢ ' I ? Al
main purpose is to find the destination buildings of : ¥ ’ , “aeleels
interest. In that scenario, providing the entire streeaare |, L™ A L ' i
data to the user would not be meaningful as he would | Rendengmethol
have to perform many cognitive interpretations himself, ! Biling Rasked Bulding Top3 choies
and as a result may sometimes lose the point of interes | |
(PQI) of his destination building. Lessening the detailed
content will improve the usability, interactivity and ease
to find a building in a street. We propose a designFig- 3 Regengrating the rendering list based on the importance
methodology for filtering unnecessary information, and Map of each tile.
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W ! \ categorize the buildings around a selective region as
: Best (weight3) ‘ \ \ . . .

3 - Candidte] (i) important or unimportant for the user. For example if

I Candite) (Vi) ] [ \ User A wants to visit his/her acquaintance in a hospital,

:gﬂii‘eﬁ;ﬂ;ﬂgga then the buildings of interest to him would be the hospital

building, nearby fruit shops or flower shops, medical
shops, car parking, nearest subway or bus station
depending on the mode of travel. Those buildings would
‘ be emphasized and shown in higher LOD.
L ‘ Other surrounding buildings can be filtered out or
shown in lower LOD. This paves way for the application
of multi-texture representation of the city buildings. 8uc
representations allow regions of interest (ROIs) to be
rendered in higher LOD than other non-ROls, allowing
{ interactive rendering of visual information. Both
structural and texture hierarchies vary according to the
semantic importance of the spatial location. When the
user requests a particular map tile, the system regenerates
the area giving different visual effects according to the
importance/rank of the buildings, as shown in Fig.4. Each
at the upper-left corner of the map always has pixelcolored tile represents a particular rank within the ROI of
coordinates (0, 0). The pixel at the lower-right corner of the user. The buildings within one tile are given the same
the map has pixel coordinates (width-1, height-1). Torank and hence similar visualization effect and detail.
optimize the performance of map retrieval and display,
the rendered map is cut into tiles of 256 x 256 pixels. As
the number of pixels differs at each level of detail, so doesgy DB Schema
the number of tiles. Each tile is given XY coordinates
ranging from (0, 0) in the upper left to (2level-1, 2level-1)
in the lower right. Given a pair of pixel XY coordinates,
we can easily determine the tile XY coordinates of the tile
containing that pixel as in equation (1) and (2):

Fig. 4: Conceptual diagram illustrating cut in the quadtree for
distributing semantic levels of detail

A DB schema specifies, based on the DB administrator’s
knowledge of possible applications, the facts that can
enter the DB, or those of interest to the possible
end-users. The notion of a DB schema plays the same role
as the notion of theory in predicate calcull&[ A model
of this theory can contain formulas representing integrity
constraints specific for an application, and constraints
tileY = floor (pixelY /256) ) specific for a type of DB, all expressed in the same DB
) ) language. In a RDB, the schema defines the tables, fields,
_ We need to calculate the corresponding file levels, g|ationships, views, packages, procedures, functions,
given the initial tile level (highest). When a zoom level queues, DB links, directories, XML schemas, and other
changes, a single tile is broken into 4 tiles. If the zoom gjements. Although a schema is defined in text DB
level increases by one then there are twice as many t”‘?anguage, the term is often used to refer to a graphical
rows and columns. Hence, to derive the 4 tiles that anygpiction of the DB structure. In other words, schema is
individual tile is broken into, we use the equations (3) 10 the structure of the DB that defines the objects in the DB.
(7): We model our DB schema as RDF data based on
building ontology and the various semantics associated in
identifying a building, as shown in Fig.5. For example,
the address and name of the building are unique
tile2 : rows 2+ 1, col * 2; (4)  characteristics by which a building is located in the
geographic space. The appearance of the building is
another factor that contributes to the recognition of a

tileX = floor (pixel X /256) 1)

tilel :rowx 2, col x 2; 3)

tile3 :rowx 2, col x2+1; (5)  building. The functional importance is also a strong factor
for building identification. The main classes and attribute
tiled :rows 2+ 1,00l %24 1: (6) relationship of the DB schema are shown in Fig.6.
Also,
nextzoomlevel = currentzoomlevel + 1 @) 5 antic LOD in 3D Platform

For representing the visual LOD, we consider the Semantic LOD is a mechanism by which a city street
users intention for visiting a particular building, and we navigator is provided with just sufficient information to
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Main_CEntrance
+CFrontal: int

Parking_floor_available

+ParkGndFacility: boolean

Color_appearance

+hasGenColor: boolean

Material_appearance

+AppGlass: boolean

Ratio_of_Store

+FunFinance: boolean

+FunResidential: boolean
+FunRestaurant: boolean
+FunPubFacility: boolean
+FunConstore: boalean
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+FunEntertainment: boclean

+FunGenCompany: boolean
+FunHospital: boolean

ownsStore
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+UndFloar: int
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510D Levels
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Fig. 5: UML diagram of the building database schema

BID BuildingID
City City Name
hasAddr Buildingaddress
Address hasOldAddr » Buildings old address
hasTileRow_Level Building owns address Row of tile containingthe
buildingin quadtree
hasTileCol_Level Column oftile containing
the building in quadtree
Name BuildName Building owns Name BuildingName
RepName Representative Name
COLOR Building color
B SURFACE MATERIAL Building owns surface Building material

hasGenColor

Includes white, blue, grey

hasExcepColor B_SURFACE has Includes red, yellow,
Color_appearance COLOR mixture of colors
AppGlass Includes glass like
Material_appearance B_SURFACE has looking buildings
AppStone Material Includes stone like
looking buildings
FunResidential Residential building
FunRestaurant Spacious Restaurants and
convinient stores
FunPubFacility Public buildings or
government buildings
FunConStore GeneralStores,
. clothes shoes ete
. FunEducation Floor‘ owns store with Academic buildings
Ratio of Store - 1 -
- - FunEntertainment Threatres, music clubs,
ub
FunFinance Bank and other financial
buildings
FunGenCompany GeneralCompany and
industry
FunHospital Hospitals and pharmacies

Fig. 6: Entities of building ontology that are relevant for the data

modeling of semantic levels of detail.

guide the user to find the target location. Our proposed
architecture helps to provide different visual effects
representing semantic LODs according to the users
intention. Such an approach provides a user friendly
interface to find the target building. The system
architecture and implementation details are described
below.

5.1 System Overview

The overall system architecture for applying our approach
in a 3D platform involves the following main modules:
semantic LOD generation, semantic LOD selection, and
semantic LOD rendering module, as shown in Fig.7. The
user gives input of the current location and intention to
visit the target location. This user query is received by the
semantic LOD generation module, which converts the
user query to system query and passes it to the semantic
qguery engine. The semantic query engine involves the
Fuseki server and Jena ARl{] for semantic information
updating and querying. The semantic engine returns the
guery response in the form eftile level, BID>, where

tile levels range from 0-15, where tile 15 is the highest
level; and BID denotes the building identification number.
The semantic LOD generation module generates the
importance map in the forrrquadtree level, tile row, tile
column, rendering method This importance map is
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| @ letsdataBuidngowl [ © OWCisses | M Propedies | @ ndviduais | = Foms |

CLASS BROWSER INSTANCE BROWSER

SPARQLLL For Project: @ Buiding For Class: @ Buiding
Update / Semantic Query Engine ; —
Class Hierarchy el Asserted I Inferred I
owlThing Asserted Instances & X ¢
¥ Buiding (5635) @ Buidng_1 ,
: Address (6) 4 Buiding 10 7
: : ¥ @0 Ceomelry  Buiding 100
Query Response " bt
(BIDTik Leve) : 5;:_::_::19:: 4 Buicing 101
=7 4 Building_102
¥ @b_suRiace 4 Buiing 103
Importance File © Build_Geometry @ Bulding 104
(BID. Rank) ) Color_sppearance (%) & Buing 105
)  Material_sppearance & Bulding 1
Generate Building LOD: : - ; ng_106
(eg::;nemmimu)s O Eilbordls_avaisbidly (1) & Buiing_107
¥ @ oo (10) @ Buiding 108
Building LODs © Bevetor_avadable il & Buling_109
L .Funjc_Rat\o_oi_stme-;- & Buidig 11
’. .hfauT_PErjﬁrm?e 3 $ Bulding 110
: @ Public_toiet (7) @ B 111
v Parking_floor_avaiiabity @ Buiing 112
@ Main_CErtrance @ Buling 113
— @ Transpartation_facilties (3) 4 Buling 114
C't’;: ﬂgﬁgm P @ User Buing 4 Bulding_115
~ | |4 Buiding 116
Fig. 7: The system architecture of applying semantic levels of
detail in a 3D platform.
For Project: @ Buiding For Project: @ Buiding
_ _ Ot | Datatype | Anvotaten | A1 | || bt | Ouatype | Amnotaton | AX |
passed to the semantic LOD selection module where the . ) ™ | o nataiype Properties FR
tile level and LOD (geometry and texture) are selected| mnasavsistity || hesad [2]
and passed to the rendering module, which uses the 5= = e
WebGL renderer. 1 hasEAvaiabity = hasBCode
I hasMaterial I hasBD
M hasParking B hasBiinstal
[ hasPEnirance I hasBaQuantity
. . I hasPTolet B hasBuidName
5.2 Semantic LOD Generation ——— . 5B _STOP_iot
I ownsAddress I hasCFrontal
. . . . . = ownsFloor B hasCty
The main functionality of semantic LOD generation | mownsname . hascLen
module is to create a spatial hierarchy for the distribution| === pcicas i ]
of semantic LODs. This is done by regenerating the I hosEievEquin
rendering list in the format quadtree level, tile row, tile WS hasClotha
. I hasExcepColor
column, rendering method We focus on an urban N hasFunConStore
scenario in which cities are classified as regions anc I hasFunEdustion
. . B hasFunErtertainment
regions can be grouped as functional clusters bott =i
statically and dynamically, depending on the users . hasFunGenCompany
intention. The city map is divided into regions using the <ttt
guadtree data structure. Each quad tree tile is expected t = hasFurfe sdental
contain a number of buildings. The semantic data .
associated with the buildings are stored in the form of = s OFioor .
ontologies. ‘ e -

Ontologies are a formal description of a sharedrig g Class hierarchy of different levels of building
conceptualization of a domain of interest. Designing gntology(Top) property definition of the ontology(Bottom)
ontology for storing building information requires good
understanding of the building’'s geographic location,
functional importance and the other semantics associated
with a particular building. To design our ontology we
surveyed about 600 buildings in a city street of Gangnam
district in Seoul, South Korea. For example, a building
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‘Dngnkdnng Gangnam-gu, Seoul Korea, 943-1 ‘ |false " ‘ 1965‘ Pmtégé: Developing Ontology L v '
Jena ARQ; Query engine (Pellet Inference) Query ;
nashes £ R hastentolor &% : s TDB : RDF Storage Layer (B+ Tree Model) M InferencqEngine
[bang | e v | 454 Fuseki : SPARQLL1 Server dlidhe
Ruby : Running the script to upload files iiding?
‘ hasAppGias BB g D meno e Y. g ptto up! Building
itrue " i!me " ‘ 953‘
“- shppSian £ R usourea 2 X“ : i X‘ Fig. 10: Conceptual diagram of the querying process
| false ¥ |false il pei
: B e M e p % 5.3 Semantic LOD Selection
[rue =] [ - 1)
250 o3 o8 We considered a real scenario in which the user intends to
lase | e il i visit a building, which has restaurant, entertainment, and
PR e PR s ol parking facilities. For this, we used the survey reports of
A . . 1= Daum Corporation over 565 buildings. The semantic

information and 3D models of buildings are stored as
RDF data. We used the Fuseki server for updating and
querying the semantic information in the semantic data
store. The Fuseki server was running in a separate node
for processing the semantic information. Using the
has its unique address, name, appearance, functionalitpfoposed services, users can load the ontology, update the
and so on. The properties of the building used in thetriples and query the triples using the SPARQL1.1
ontology are shown in Fig.6. To develop our ontology, we service. Communication between the application and the
used the open source editor Proted@][ developed at semantic server is established using graph store HTTP
Stanford University. Protege facilitates designing protocol. A code snippet of an ontology update is shown
concepts, properties and class instances; its plug-irdbasebelow.

extensible architecture facilitates integration with asth
tools and applications; and it supports SPARQIS][for
querying RDF schema.

Fig. 9: Example of a building instance in the ontology

queryString ="PREFIX owl: <http://uww.owl-ontologies.con/Building.onl#s\rin" +
"PREFIX xsd: <http://wav.w3.org/2081/XHLSchemats\r"+
"TNSERT DATA" +

"

We use the RDF schema for storing the semantic
information of city. The RDF data model is based upon
the concept of making statements about resources in the
form of subject-predicate-object expressions. These
expressions are known as triples. The subject denotes thi
resource, and the predicate denotes the aspects of th
resource and provides the relationship between the
subject and the object. The semantic engine utilizes this
information for system understandability. To do so, it
needs an infrastructure that can run on the web and
interpret meaningful information and provide that
information to the user. Semantic engines are means tc
perform two important tasks. They provide a common
format for integration and combination of data from

"¢hittp:/fwwn.oul-ontologies. con/Building.onls" +tt+I0No + "¥in" +
“owl:hasL9_ROW \"" + country[13] + "\"** xsd:int;" +
“owl:hasld_COL \"" 4+ country[14] + "\"** xsd:int;" +
"owl:hasL1e ROW \"" + country[11] + "\"» xsd:int;" +
“owl:hasL18_COL \™ + country[12] + "\"* xsd:int;"
“owl:hasLll ROW \"™ + country[9] + "\"** xsd:int;"
“owl:hasLll COL \™ 4+ country[18] + "\"* xsd:int;"
“owl:hasL12_ROW \"" + country[7] + "\"** xsd:int;"
“owl:hasl12_COL \" + country[8] + "\"** xsd:int;"
“owl:hasL13 ROW \"" + country[5] + "\"** xsd: mt," t
“owl:hasL13_COL \™ + country[6] + "\"** xsd:int;"
“owl:hasLl4 ROW \"" + country[3] + "\"** xsd:int;"
“owl:hasL14 COL \"" + country[4] + "\"** xsd:int}"

wpn
L
Iy

different sources, and they act as a language for recording When the user inputs his interests, the query request
how the data is related to real world entities. Our building will be passed to the semantic server, which processes it
ontology with semantic information is shown in Fig.8 and and returns the information to the application interface.

Fig.9. During this process, the system finds the building IDs and
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their representative tile location in the spatial hiergréh . Semantic Fuseki
our test demo we have structural semantic information| ¢ DB Fngine Server
and functional information of the buildings. The main 1 | |

advantage of this approach is that it is expandable tc
include additional semantic information. In the current
work, we have considered only outdoor semantics but it
could be extended to indoor semantics. The SPARQL

Real Street Data |
1

|
I> Update Data |
|
|
]

|
I
:> Query Result Convertor
I

Inform User

(RESTAURANT=true& &ENTERTAINMENT=false&& PARKING=false)

Rank 4(R4):

|
|
I
| |
query engine has a special type of protocol to | | Updating the OWL Al 4
communicate with ontologies and derive the meaningful | | i o
. . . . . X Jpdation Completed
information or for updating the triples. For querying the | F 1
ontology, different rank conditions can be generated as I I Create Graph Store Fa'cw,y
I
shown below. I I Loadthe OWLas |
Rank 1(R1): | User Query |—‘MMKH irue |
(RESTAURANT=true && ENTERTAINMENT=true && PARKING=true) ) . I
| :> Process Query
Rank 2(R2): : " Search for BID, Quadile _JI
I -1
(RESTAURANT=true& & ENTERTAINMENT=true && PARKING=false) | ke Query result send back |
]
Rank 3(R3): I
|
k€
|
1

i
|
1
(RESTAURANT=false&&ENTERTAINMENT=false&&PARKING=false

Fig. 11. Sequence diagram of execution flow for the updating
and querying process.

LOD-5 LOD-4 LOD-3 LOD"Z |.0|?-1 I.OP-O
9769 Triangles 4384 Triangles  2441Triangles 1220Triangles 610 Triangles 253 Triangles

The semantic inference engine is where the highel
level decision making occurs. This includes the model
manager, ontology updater, and query manager. Fig.1!
represents the conceptual design of the querying proces
A code snippet for querying the building tiles, given the
functional details, is shown below:

queryStringl ="PREFIX owl: <http://ww.oul-ontologies. con/Building. owlé>\rin" +
"PREFIX xsd: <http:/f.w3.org/2001/ X Schemai>\r" +
"SELECT *Total PhasL14 RO *hasL14_COL *hasLl3 ROW *hasL13 COL *hasL12 ROW *hasl12 COL "+
"|HERE"+
"y
"Building onl:hasLl4 ROW ?hasLl4 ROW." +
"Building owl:hasl14 COL Phasll4 COL." +
"Building owl:hasL13 ROW *hasLl3 ROW." +
"Building oul:hasl13 COL ?hasll3 COL." +
+
+
+

"Building owl:hasl12 ROW hasL12 ROW."
"Building owl:hasl12 COL *hasll2 COL."
"Building oul:hasLll ROW ?hasL1l ROW." . . .
"YBuilding owl:hasL11 COL Phaslil COL." + information for the user. Fig.11 shows the sequence

"Building oul:hasFuntntertainment *hasFunEntertainment."+ diagram for the execution flow of the entire process.

"Building oul:hasFunRestaurant *hasFunRestaurant."+
"Building owl:hasParkPaid *hasParkPaid."+
"BIND (xsd:integer(*hasFunEntertainment) as JEntertainment)"+

"BIND (xsd:integer(*hasFunRestaurant) as *Restaurant)"™+ 54 mnﬂc LOD Renderlng

"BIND (xsd:integer(hasParkPaid) as 2ParkPaid)"+
"BIND (Entertainment + PRestaurant + ParkPaid as MTotal)"+ L . . .
"FILTER ((?hesL11_COL=096 &8 hasLLl RON1972))"+ Automatic tile ranking is performed by the semantic LOD

E;;ﬁr el selection module. After selecting the tile location (row,
Y column) corresponding to the users intention, the
semantic query engine regenerates the rendering list and

The updating process consists of the user requestinthis is passed to the WebGL renderer. Each level is

real street data from the server. The semantic DB engineglisplayed in an incrementing manner of geometry and

processes the query, converts it into a system query, antkxture resolution as shown in Fig.12. The highest level

search the RDF data set for BID(s) and quadtree tile(s) corresponds to high detailed building geometry and

tile row and tile column). The query result is passed backtexture. The lowest level is a footprint showing only the
to the DB engine by the Fuseki server, then converted tdocation of the building.

Fig. 12: Polygonal hierarchy showing an increment in geometry.
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Fig. 13: Real street data rendered using Semantic levels of detailept. (Top) Birds eye view of a street in Gangnam distriegs,
South Korea depicting information hierarchy using unigakois. (Middle) closer view of the street area. (Bottom) Nubrotorealistic
rendering technique applied to the information hierarefgyalization of less important data is diminished.
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We use the WebGL pipeline for rendering as it Table 1: Results of performance evaluation
provides greater flexibility and adaptability for GPU Total Avg. Avg. size  Avg. Avg.
programming in polygon based graphics systems. Each buildings no.of of the down FPS
tile is rendered using different rendering methods. The viewed  building  loading

rendering method varies in incrementing manner both in buildings in(Mega  time

geometry and texture. The experimental results and Bytes) Eil dionnge
observation are explained in the next section. E5E 75 64T T8ms T

in the behavior of the system when our proposed semantic
level of detail hierarchy is applied. This system running

In the previous sections, we explained the data modelini)‘:"h"’“’ior showed the validity of using different semantic
and DB schema for semantic LOD used to represent evel of detail to cut down the computation cost.

building and its different parts in multiple levels. We

verify our proposed system using simulation results and

performance evaluations. For the test environment, we/ Conclusion

prepared a general desktop PC as a server and a laptop as

a client. The laptop contains an 17 core CPU, 4GB RAM, This paper proposes a new design methodology for a
and NVIDIA GT 620 M GPU. The proposed system was gnaiial semantic database that provides different leviels o
tested and evaluated using a set of real street data of sSigigj| using a hierarchical data structure. This

hundred real buildings, located in the Gangnam district ingemantically enriched approach is based on ontology and
Seoul, South Korea. The user intends to visit a buildingjis associated knowledge representing the city model in
that has restaurant, entertainment, and parking fasilitie jigterent levels of detail. With this approach, the level of

Different rank conditions are generated as explained inyetajl varies according to the users intention and services
the semantic LOD selection module. The proposediy the geometric level. Since we are using an ontology
system dynamically changes semantic LODs of thepased representation for the city model, adjacent

viewed buildings according to their corresponding gy ctures and their relationships are easily derived and
information levels determined by the rank conditions. Theadopted. In addition, the performance evaluation shows

visualization levels of detail were based on both theiye validity of using different level of detail to cut down
structural and texture hierarchy. In our current o computation cost.

implementation we define two user contexts. One is when Regarding the feasibility of our approach, we have

the user is moving, and' the othe( when the'user Stops tehterviewed navigation company people who are map
explore the surrounding buildings to find his/her qerice experts. They have reported that our approach is
destination. When the user stops, the system provides quuite reliable and useful. In addition, they have mentioned
detailed high level information of the buildings on the w4 oy current approach visual quality is still marginal.
street. When the user starts moving, different oq fyure work, we will consider their suggestions and
non-photorealistic appearance of the buildings ar€mprove the visual quality using revised rendering

rendered depending on the user gaze and his distanGgeihogs, In addition, we will refine our present semantic
from the buildings position. Fig.13 shows real street datajg ol of detail data structure to include more user

rendered using the semantic LOD concept. Informationgemantics and improve the implementation on real street
hierarchy is depicted using unique colors. Sky-bluéqais Moreover, we will concentrate on continuously
represents the best choice, yellow is second, followed byyreaming the real data at different levels to users of

blue and green. heterogeneous devices simultaneously, using an extended

We conducted two types of tests for performancesgner-client platform supporting various mobile devices
evaluation. The first is based on the rendering speed. Eacl, raal time.

user tried the process twenty times and we measured an

average rendering speed of the proposed system. Table 1

describes the total number of buildings, average number

of viewed buildings, average building size, averageACKnowledgement

download time per building, and average FPS. The results

showed a feasible rendering speed, although it isThis research was supported by grant from the Capture

dependent on the navigation scenario. The second tedforea Project funded by the Ministry of Culture, Sports

evaluated the systems running behavior. and Tourism (MCST) and Korea Creative Content
Fig.14 shows the running behavior of the system withAgency (KOCCA) in the Culture Technology (CT)

respect to the four system states: Geometry busy, Shaddétesearch and Development Program 2014(50%). A part

busy, Texture busy, and GPU busy. Figure 12 (top) showof this research was supported by Next-Generation

the variations in the behavior of system when no semantidnformation Computing Development Program through

level of detail is applied, and (bottom) shows the variagion the National Research Foundation of Korea (NRF) funded

6 Experimental Results and Discussion
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Fig. 14: Running Behavior of the system with respect to the four systtates: Geometry busy, Shader busy, Texture busy, and GPU
busy. (Top) shows the variations in the behavior of systerarwio semantic level of detail is applied, (Bottom) showsvrgations in
the behavior of the system when our proposed semantic |édeitail hierarchy is applied.

by the Ministry of Education, Science and Technology [3] Groger G, Kolbe T.H, and Czerwinski A, OpenGIS

(No. 2012M3C4A7032185) (50%). CityGML Implementation Specification, OpenGeospatial

The authors are grateful to the anonymous referee for a  Consortium, V0.3.0. OGC Doc. No.06-057 (2006).
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