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ABSTRACT:

Existing research mainly fucus on organization wisdalization of 3D building models in circumstasaghich are the
main spatial objects, yet multi-scale representatb geometry and texture information still not ¢akinto account,
especially multi-scale transmission suitable far tietwork environment is a key point needed to fealb Thus, an
organization method for multi-scale 3D model daiameet network transmission is proposed in the pa@¢ A

multi-scale 3D model data structure based on treiappoint index is constructed, and which is gnéged with
multi-scale textures representation. (2) A methéd3® model data multi-scale partitioning orgnazatibased on
hierarchical quadtree structure is applied to adaphulti-scale scheduling and transmission of 3@del data. And a
prototype system is developed on GeoGlobe softvildre.experiment result shows that according tontbgement of
view point in the 3D scene, our approach can dyoanansmit the multi-scale, partitioned tiles of 8iddel data to
effectively reduce the data quantity of transmissiad improve the performance of scene rendering.

storage, especially for LOD models of 3D buildirege
1. INTRODUCTION rarely considered.

For visualization technology of 3D-GIS in network

With the rapid development of computer technologgt a ) )
environment, research on spatial data management,

visualization technology, 3D spatial data structutata . ) . o
transmission and visualization of the massive terra

model and visualization technique in the field dfSG . . . .
images and vector data are in progess, includingsma

especially "Digital City" modeling and visualizatidras . . L
P y Hg y 9 terrain data compression and transmission based on

made considerable progress. ) . )
wavelet theory and viewpoint-related terrain scene

3D urban models as an important content of of digit . ) L
simplification, meanwhile some application systesns

city, mainly apply vector-structured data modelths .
y y apply developed, which capable of small range 3D urban

fundamental of data structure and data model, $ordee . L .
landscape visualization int network environmeBut for

building models in the scene. And there are a great
g g large-scale landscape establishment, still need®eto

many different data structure and data model ofi8ian
further researched.

model have been proposed. Typically, Formal Data _ . . . -
prop ypically This is mainly due to: As the visible range frome th

Structure (FDS) based on 3D vector graph and
( ) grap viewport in 3D scene get larger, the building mockah
Simplified Spatial Model (SSM) based on FDS.etc . . .
be with larger data volumn, more geometric compyexi
The research of spatial data model and data steictu

resulting in highly efficient algorithms for mass
above mainly focuses on the construction of 3D mrba . .

geometry data management, operation and rendering a
model, representation of 3D building model and igpat ) ) L

strongly required. At the same time, data transomisi

topological relationships, while data compressiomd a . .
polog P P the network environment should also be taken into



account. Both of the above two aspects are urgentNot yet fit for the establishment of large-scaldamr
research issues of visualization technology fogdar landscape in network environment.
range 3D city landscape in the network environment. Recent years, There has been increasing attentithreto
For application of digital city, a number of resgar issue of the application of 3D spatial informatiomiine
institutions and companies city are underway ofvearfe services as the promotions of Google Earth, Virkeath,
development for 3d digital city. Like 3D urban mbde and Skyline, etc, while there is no domestic sofenaf
software CyberCity GIS of Swiss ETH Zurich Univeysit  fully competitive at the time. So there is urgeped to
MultiGenCreator, SiteBuild3D of MultiGen, etc. research for similar and products and technologies
Domestic software as CCGIS of GeoStar Wuhan, independent intellectual property rights.
VRMap of LingTu Beijing. With the development of computer technology, 3D
These products, focusing primarily on in stand-alon visualization, distributed data storage and managém
C/S environment , the massive data management of 3Dtechnology, taking advandage of distributed cormuuiti
digital city, research on 3D urban models and apfibhn platforms to provide management, transmission,irma-|
models (such as the illumination analysis model)l an real-time visualization of massive 3D urban modalsd
research on integration of visualization technolagyl 3D urban geographic information services, will Ibe t
VR. development trend of "digital city" in the future.

raster data, Continuous surface and discrete estitir

2. RELATED WORKS 3D urban model, with capability of multi-level oétils
representation (Qing Zhu, 2007) .

Traditional 3D model data organization mainlpd L ) .
The existing research aforementioned, mainly fogns

on 3D-GIS data structure and data model. TypicaD, L . L .
ypicaly organization and visualization for 3D building m&xlas

building models are described with vector-struaiuatata . . . .
spatial objects, yet multi-scale representation of

model. For example: A Formal Data Structure (FDS) . . . )
geometry and texture information still not takerioin
based on 3D vector graph (Molennar, 19923D model
(Xinhua Wang, Armin Gruen, 1998); Simplified Sphtia
Model (SSM) based on FDS (Zlatanova, 2000); A

method of 3d modeling based on K simplex and CSG

account, especially multi-scale transmission sigtdibr
the network environment is a difficult point needeche
break.

(Ming Sun, 2000 ; Object-oriented concept model of
3D Entity (Shi W Z, 2003), etc. 3.3D MODEL DATA STRUCTURE AND DATA

On the fundamental research above, further studytab MODEL BASED ON SPATIAL POINT INDEX

Levels of Detail (LOD) of 3D urban model are
Compare to 3D FDS, SSM and OO3D, LOD of 3D urban
researched by many researchers. Such as 3D mode| LO ) .
) ) ) ) model does not necessarily care much about editing,
dynamic creation, and R-tree structure is applardifta o ) ) o
) designing and managing of 3D objects, while it focu
storage and management (Kofler M, 1998). Different ) o
) ) greatly on the following 2 characteristics: (1)
form computer graphics, GIS concerns more abouess . )
) ) ] Representation of LOD. (2) Data compression of
as abstracted representation, modeling and consiste .
) ] ) geometric model.
management of the hierarchical detailed models. ) )
) ] ) ) On the server side, there is no demand of 3D
Kéninger proposed a method of hierarchical aggiegat o o ) )
) ) ] visualization; therefore organization of spatiatadavill
for different types of objects from the perspectivi ) ) )
] ] be emphasis on. Reducing the spatial data redupdanc
urban planning. Kolbe further expanded the aggregat ) ) ) )
) ) ) ) after the spatial relationship of 3D models is deteed,
relations of LOD, and probed into solution of gedrice o ) ) )
] ] ] which is the essential of spatial data compression.
topological and thematic modeling for 3D urban niode )
] ) ) In the current research of 3D urban model reconstm,
Beside, some researchers studied the representition ) ) ) .
] ) in order to realize functions of 3D objects editiagd
3D model LOD combined with database technology(Jun ) ) ) ) ) .
] ) ) managing, spatial data is essentially organizet patint
Li, 2000). A uniformed representation of vector ajat



line, surface and volume elements, and the hieiGakth
relationship of all objects is quite clear, butfets data
redundancy to some extent.

While
reconstruction

the motivation of point index based 3D
(compression). The main idea is: the point indieeth
additional joint sequence form directional facesialvh
then construct 3D volume. This way of data orgaiona
is suitable for regular volume structure recongtoncof

3D urban landscape. If the surface objects exist incorresponding

constructing process, surface object index can hko

The logical hierarchical relationship of spatiajemtts in
point index based 3D buiding reconstruction is ussed
above, from which a point index oriented data mdxtel
established. The structure of data model is showthe

is geometric data optimized storage graph, OID refers to the ID of the spatial objetiich is

global unique. Attribute refers to all the inforneat of
the spatial object, besides geometry characteludimy
index sequential ID for the points, texture atttésuand
indexed sequential for surfaces, etc. Relation sefer
like

one-to-multiple mapping, multiple-to-one, one-tcepn

relationship of spatial objects,

established to further reduce data redundancy andetc.

optimize data compression.
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Figure.1: 3D model data structure based on pod#xn

The point index based data model above, espediaily

fitting 3D urban model reconstruction

environment, mainly takes point, surface as theicbas

structure for spatial geometric elements conswactBy

defining spatial forming sequences, directions spatial

relations about point, surface to reconstruct va&um

model.

in network

4. ORGANIZATION OF MULTI-SCALE 3D
MODEL DATA

Due to the particularity of the 3D building modéhe
organization are greatly different from other splatiata
like terrain, image. The spatial representation 3@f
buildings model includes texture data and geonwdtric

data, therefore, the representation of both havettake



care of, meanwhile data transmission and real-time quad-tree structure, the organized multi-scale 3ileh
rendering issues should also be considered inribegs data can be indexed.
of constructing the data pyramid of 3D building retsd Layer partitioning organization: By geometrical and
To adapt to the need of network transmission, atexture characteristics, multi-scaled geometric ehod
multi-scale layer and tile partitioning organizatievill library and texture library of the point index bdsgD

be applied to the data model above. According ® th modelsof grain, its structure are shown below:

A | Mo LOD 0 Layer
Geometry
Model LOD 1 Layer Index 3D
< Model
Model LOD 2 Layer Texture
Model LODn Layer |4

Figure.2: Layer partitioning organization structure
The principle of the layer partitioning is based the a multi-resolution texture library can be created,each
of 3D model , one texture with

The

geometric complexity and texture resolution of 3D level of detail

models. Geometric complexity can be simplified with corresponding resolution will be attach to it.

existing mesh simplification algorithrhile for textures,  structure of a texture library is illustrated aideed:

Texture Lib

ID:1
Level: 1
(64*64)

1D:2
Level: 1
(128*64)

Level :2
(64*32)
ID:2
Level:n ...

(32*32)

Level:n ...

Figure.3: Multi-resolution texture library

Tile partitioning organization: Subspace-partitidche

whole range of scene space into different tilesefach
layer, then according to the centrobaric locatidrthe

3D model, calculate the code of it in the quad;taee

insert the data (including geometric data and textiata)
into corresponding tile.

Finally, Creating quad-tree structured spatial indiex
partitioned data file, and a multi-scale layer atld
partitioning organization is established.



5. EXPERIMENTS 300MB, texture image data 2GB, divided into 5 Levels
of Detail (LOD) .

According to the 3D model data structure and
g For each level of detail the number of 3D modekoty

organization method aforementioned, limitless zoom,

and the data volume (in average) in one tile acsvshin
seamless browsing the large-scale urban landscape h

following table:
been implemented on the 3D virtual digital earth

platform GeoGlobe, meanwhile simple spatial query,

calculation and analysis implemented as well.

3D models of the buildings in part of Shenzhen are

selected as experimental data (about 20 thousand

buildings, the coordinates and texture image ofthvlzire

collected by field survey), Geometric data is about

LOD Level Model Object Tile/KB
LOD 0 6.2 589
LOD 1 5.1 529
LOD 2 4.6 572
LOD 3 3.3 639
LOD 4 1.8 695

Tablel. Data volume of tiles in each layer
And for large range of city landscape real-time effectively reduce data transmission overhead tuen
interactive browsing on the platform GeoGlobe, the 3d browsing efficiency for large range landscapke T
average refresh rate reaches 37 frames per seE®®),(  final effect as following:
which indicates that our data organization methad c
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Figure.4: Large range complex model rendering in@ebe



6. CONCLUSION

Data organization of large range complex 3D models
network environment is discussed in the paperdapa

to the efficient network data transmission of mattale
complex 3D models. Firstly, a spatial point indeaséd
data structure for 3D complex model is constructet]

on the basis of which a 3D model data organization
method of multi-scaled hierarchical quad-tree stmgcis
proposed, which has the capability for efficienttada
transmission and viewpoint related rendering as he

experimental results shown.
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