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ABSTRACT:

The emergence of Virtual Globe software systemerdfemendous opportunities, such as providingva generation of learning

tools to help students digest large-scale geodpafiarmation about the world, and supporting domaixpert analyses in an
interactive three-dimensional virtual environmeimt.the meantime, Web Service technologies, espgdiabse standards-based
interoperable geospatial services, make a largeuatmf geo-processing functionalities easily actdsgo educational users and
researchers like their local resources. This pppesents a recent effort funded by an ISPRS Sdeititiative project to integrate

Virtual Globes and Web Service technologies fohkigeducation teaching and research. The integrabmbines the visualization
and communication power of Virtual Globes with fmwverful analysis functionalities of geospatial Weérvices to help students
and researchers investigate various scientific Iprob in an environment with natural and intuitiveeu experiences. This
integration will provide analysis-enhanced Virtu@lobes for in-classroom teaching and scientificcagsh. Reports on recent

progresses are provided.

1. INTRODUCTION

Virtual Globes are being used frequently to brihg globe-
scale geospatial information to our fingertipsisltcapable of
letting users freely fly anywhere on a virtual Bartwith
different views of Earth such as satellite imagemsographical
features, terrain, 3D buildings, and advanced s&trsosphere
or sunlight effects. More specifically, it allowsars to add
annotations, fuse heterogeneous geospatial data rimaltiple
sources, conduct network-based local-to-global imedtolution
visualization, and share data with others. The gerare of
Virtual Globe software systems such as Google EMitrosoft
Virtual Earth, NASA World Wind revolutionizes theatlitional
way of using geospatial information, making geogpat
information easily accessible and usable by genmralic users
instead of only domain experts. The wide populadtythese
Virtual Globe software systems in the geospatia general
communities inspires more ways of exploring anchgi&firtual
Globes. One potential is to teach spatial concepts analysis
in classrooms, since Virtual Globes can provide eitel
understanding of traditional topics of geographychsuas

geospatial services, make a large amount of gecepsing
functionalities easily accessible to educationakersisand
researchers like their local resources.

The integration of Virtual Globes and interoperagémspatial
Web Services will extend the current capabilitidsVartual

Globes by focusing primarily on enabling higher-eation

teaching and scientific research, with its heavyalysis
demands, as opposed to focusing initially on vigatibn and
annotation. This integration will provide analysishanced
Virtual Globes for in-classroom teaching and sdfentesearch.
Therefore, it will enhance the common good of absgpatial
users in that they will have a platform that arsilgaaccessible
and help themselves perceive and explore worldespad geo-
scientific processes. The results will be testedouph

GeoGlobe system. This paper describes the desidrreament
progresses of this work funded by an ISPRS Sciertiftiative

project. The reminder of this paper is organizedfad®ws:

Section 2 introduces the literature in this fielection 3
presents the approaches adopted and Section 4ibdssthe
system implementation details and progresses; Csiocds and

showing geo-referenced globe and maps and disglayinpointers to future work are given in Section 5.

geospatial analysis results.

The growth of the Web has resulted in the Web-baseding
of large volumes of distributed geospatial
computational resources.
distributed data into information requires intenality
among diverse data. This necessity led to the dpwant of a
set of standard interfaces for geospatial Web Sesyiand a
number of interoperable services have been availablthe
geospatial community. Most of these services amaptiant
with the Open Geospatial Consortium (OGC) standardk as
Web Feature Service (WFS), Web Map Service (WMSghW
Coverage Service (WCS), Web Processing Service (W\4?g),

data andGeographical
Processing heterogeneond arecognized as an

2. RELATED WORK

Information System (GIS) tools haveerbe
important way to advance geoerklat
education and research (NSF, 1994). Ever sincetergence
of Google Earth in 2005, the easy access to thepgdial data
through Virtual Globes has attracted many educatiand

scientific users. The Google Corporation has laudcBeogle's
Geo Education site, where both general users asehrehers
can learn and use Google’'s geo-related productiidimy

Google Earth and Maps. This suite of products masqal to be
powerful enough to help students conceptualizeialize, share,

Catalogue Service for Web (CSW). These Web Serviceand communicate information about the world arotiaan.

technologies, especially those standards-basedopemble



There is also some ongoing effort to use Web Servicservice protocols such as WFS, WMS and WCS allow

technologies to allow students and researchers fomations
all around the world to access and analyze onliahEscience
data. The National Aeronautics and Space Administra
(NASA) Earth Science Research, Education, and Aaptins
Solution Network (REASoN) program funded a 5-yeavjqut
named NASA EOS Higher Education Alliance: Mobilipat of
NASA EOS Data and Information through Web Serviaad
Knowledge Management Technologies for Higher Edanat
Teaching and Research, shortly known as NEHEA GenBrai
in 2004 (Di, 2004). This online environment based3eoBrain
enables easy, open, seamless, and on demand discaceess,
retrieval, visualization and analysis of distritditgeospatial
data, information, services, and models from anynmaer
connected to the Internet, thus it is able to seheedifferent
needs of global Earth sciences research and highgcation
communities, bridge gaps between data user neetpramider
capabilities, and greatly enhance use of geospaditd (Deng
and Di, 2009).

The work in this paper goes further to take thet bédoth by
integrating Virtual Globes and Web Service techgws, thus
providing a powerful tool for users to conduct eatimnal and
research activities in a more natural way.

3. APPROACHES

The main work of this ISPRS-funded project is toegrate
Virtual Globes and geospatial Web Service techriebod@ased
on our preliminary analysis of the two technologi@e propose
the integration takes place at two points. Thet finse is to
make geospatial Web Service accessible throughtslief
Virtual Globes. The second one is to integrate pgatisl Web
Service servers and front-end of Virtual Globevees, making
data managed by Virtual Globes accessible throwgisgatial

Web services.
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Figure 1. The integration architecture of anakgibanced
Virtual Globes

The integration will take place in three phaseguf@ 1 shows
the proposed architecture of the integrated systEme. first
phase is the testbed and initial integration, whintlude the
setup of the development environment, preliminaggigh of
the integration, and implementation of OGC data iserv
protocol access to Virtual Globe-managed data. OGE data

geospatial services and value-added applicationsadress
diverse data provided by different providers intandard way
without worrying about their internal handling aite.

The second phase is the implementation of access from Virtual
Globe clients to geospatial Web services and sesvic
integration. The approach to services integratsoto ifollow the
“publish-find-bind” paradigm in the Service-Oriedte
Architecture (SOA). OGC has developed a series tface
specifications following this paradigm. In additimOGC Web
data service protocols, OGC WPS can provide conweati
GIS analysis functionalities over the Web. The sigiservice,
i.e. OGC CSW, provides the discovery not only onsivices,
but also on the geospatial data. Virtual Globesrefore,
should be able to discover, bind and invoke theaadards-
based interoperable services. Service compositibnduces a
new operation into SOA, chaining, which combinesvises
into a dependent series to accomplish a larger. {&kkflow
designers and engines will be plug into client¥isfual Globes
as add-ons to construct and execute service chains.

Thethird phase is the user forum development and operationa
support. We will set up a user forum Web site tcoemage
teachers and researchers to share their experjancegporate

the new Virtual Globes into existing courses andeagch
activities, and cooperatively develop new courssth the
requirements and experiences from end-user comynuwi

will identify priorities of services for those newourses and
provide support correspondingly.

4. IMPLEMENTATION

4.1 Development of geoprocessing Web services

To support geoprocessing over the Web, a Web setwimlkit,
named GeoPW http://geopw.whu.edu.cn/geopw.h)ml has
been implemented (Yue et al., 2009). It leverageb \Bervices,
legacy GIS software, and OGC specifications to make
traditional desktop analysis functions configuraldecessible,
and interoperable over the Web. Geoprocessing ceervare
provided by middleware wrapping legacy GIS analysis
components to provide OGC WPS interfaces. Thesacjeg
components include analysis utilities of GIS sofevaystems
GRASS and GeoStar. Geographic Resources Analysiso&upp
System, commonly referred to as GRASS GIS, is onthef
most widely used open source GIS software systesnS@r is

a leading enterprise GIS software system in Chinha$ been
developed by the State Key Laboratory of Infornmatio
Engineering in Surveying, Mapping and Remote Sensing
(LIESMARS), Wuhan University (formerly Wuhan Techalic
University of Surveying and Mapping) since 1992 {tial.,
1999). Based on the geoprocessing functions providgd
GRASS and GeoStar, GeoPW has already developedooger
hundred geoprocessing services. These servicesidpsov
geoprocessing functions including GIS vector andtera
analysis, network analysis, data processing, geststal
analysis, and hydrological analysis. We group thato ten
categories: Vector Spatial Analysis, Vector Geoyn€tperation,
Vector Network Analysis, Vector Data Processing, tRas
Spatial Analysis, Raster Data Processing, Rasterejyadgion,
Hydrologic Analysis, Geostatistics, and Others (iFég2).
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Figure 2. Web access entry of GeoPW

All these services are deployed on the Hewlett-BatKHP)
blade servers (Intel® Xeon® 5110 1.6GHz, 4GB RAM akec
at LIESMARS. GRASS software is installed in a servlade
with the UNIX operation system, and GeoStar is tedain
another server blade with Microsoft Windows opemtsystem.
All services are provided to the public throughirgke Web
access point on one server blade that is publiessdale. This
Web entry point is implemented using JAVA servietsedirect

the request to WPS processes deployed in inteenaisblades.

Currently, services in GeoPW has wrapped most veataor
raster analysis functions of GRASS, and demonstrabed
wrapper for GeoStar by exposing its spatial budfied overlay
analysis functions. More processes are being dpedloand
after passing tests, will be deployed into distidolinternal
server blades and available for public users.

4.2 Implementation of OGC data service protocol access to
Virtual Globe-managed data

The data managed by Virtual Globes can be eitheeszsed
directly through the front-end of Virtual Globe gers, or they
can be augmented with capabilities document andighsal
through OGC standards-compliant data servers. Sitailather
popular Virtual Globe software, GeoGlobe uses aahihical
tiling technique (or named pyramid structure). Bory given
area, regional low-resolution tiles are first dosaded,
followed by medium-resolution tiles and finally kchigh-
resolution tiles. Data tiles following a pyramidwgtture are pre-
built and provided through GeoGlobe servers. Sugtarpid
structure allows the visualisation of multi-terabytlatasets.
Implementation of OGC data service protocol accesh |s
WCS to Virtual Globe-managed data allows geospagatices
and value-added applications to access data imtaroperable
way.
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Figure 3. The Architecture of the GeoGlobe WCS
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The internal management of the GeoGlobe serveassdon a
multi-server technology. Multiple data servers deployed in a
wide area network (WAN), registered into a catalogenter to
support a publish-find-bind paradigm (Figure 3):
1) Publish: Data server nodes are registered h#oCatalog
Center. The meta-information of pyramid, such asapyd
identification, lever number, pixel resolution agdospatial
bounding box, are registered;
2) Find: Client nodes login into the Catalog Cented an
discover the pyramids published in the WAN;
3) Bind: Client nodes bind the discovered data nodé a
download pyramid tiles.

The deployment of this multi-server technology bsnthe
following advantages:
1) Data server nodes can be distributed into WANeiad of
the same local area network (LAN);
2) Client nodes can download data tiles from dataese
nodes directly without passing through the Catalogté&e
thus saving the cost of network transmission.
3) A wide range of load-balancing strategies, sakhandom
selection and polling, can be integrated when cingosne
among those data servers that can provide the pgramid
tiles.;
4) Data server nodes and the Catalog Center arelyoose
coupled. Thus more data server nodes can be inwigmb
easily into the GeoGlobe server.

The WCS interface and protocol for GeoGlobe seneer i
implemented at the Catalogue Center (Figure 3).ritrazt only
provides all meta-information for pyramid tiles istgred in the
Catalogue Center, but also support the load-balanaingng
multiple data server nodes providing the same pigtaites.
The GetCapabilities and DescribeCoverage operationghe
WCS interface are implemented based on the registerta-
information stored locally at the Catalogue Centehe T
implementation of the GetCoverage operation incluties
following steps: First, the service selects theadsdrver node
with a lower load; and then it downloads the titewered by
the requested bounding box from the data nodejlyfina
outputs the coverage data through image data mmioces
functions based on these data tiles.



4.3 Preliminary implementation of access from Virtual
Globe clients to geospatial Web services and services
integration

SOA provides a basis for construction of a distedly dynamic,
flexible, and re-configurable service system ovaefdnet that
can meet many different users’ information requiats.
Following the publish-find-bind paradigm in SOA, ritial
Globes, therefore, should be able to discover, hind invoke
these standards-based interoperable services.
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Figure 4. The user interface of the GeoGlobe Client

Figure 4 shows the user interface of the GeoGldieatc The
tree on the left panel lists the available servieggstered in the
registration center, e.g. geospatial data servipescessing
services, and map portrayal services. The regstraenter is a
Web-based registry service following
specification. Currently, there are two prominentneyel
information models for registry services: the ebXNRegistry
Information Model (ebRIM) and the Universal Discoyer
Description and Integration (UDDI) model. For theogpatial
community, ebRIM is more general and extensible b&eat
provides comprehensive facilities, based on the 13079 set
of standards, to manage metadata. OGC has develmed

Figure 5. A service chain for flood submergencalysis

In a service-oriented environment, where large mas of
geospatial data and diverse geo-processing fursctiare
accessible as services, it is necessary to creat&s chains as
geo-processing workflows to solve complex geospatia
problems. A geospatial services chaining tool ivettgped
based on Eclipse Rich Client Platform (RCP). It is ablereate
geoprocessing models by draging and droping atomic
geoprocessing process, and transform the geopigasedel
into an executable service chain represented usirsgrvice
composition language, i.e. Web Services BusinesseBso
Execution Language (WSBPEL), shortly known as BPEL.
Figure 5 illustrates an example of a geoprocessindel for a
flood submergence analysis. The atomic process Isatethe
left column of the palette are chosen and draggetthé right
area in the right panel, and then composed togstiveugh
data flow and control flow links to generate a t@jiworkflow
that meet specific requirements of the flood sulgmece
analysis. This logical workflow is stored as a m®x model
contributed by experts. It can be transformed iatPEL
service chain and executed by the BPEL workflow eagiThe
model itself is reusable and evolvable.

5. CONCLUSTIONS AND FUTURE WORK

This paper presents current progresses towardsmtbgration
of Virtual Globes and standards-compliant geospafieeb
Services to provide an analysis-enhanced Virtualb6&lfor
globe geospatial information sharing, visualizatiand analysis.
The system shows how multi-source and multi-scata dan be
easily accessible and processable through Virtuab&s and
geospatial Web Services. Standards-compliant Ipegeble
data service and geoprocessing services can blg ehained

the OGC CSWiogether for complex geospatial data analysis amthEscience

modelling.

The system will make it much easier and fastersfadents to
learn and perceive geospatial world, concepts andegses.
The researchers can investigate a wide range o$pgéal
problems through the large-scale geospatial dathsaralysis
functions provided by either Virtual Globe servergyeospatial

recommended an ebRIM profile for CSW. This profile Web services distributed at worldwide locationse Enalysis

introduces an ebRIM-based catalogue information méate
publication and discovery of geospatial informatiofihe
metadata for both geospatial Web services and g#akplata
are registered in a CSW-ebRIM server. Users can viev
information of a service by clicking it on the trieethe Figure 4.
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processes, archived as service chains in catalegwes, can
be shared and discovered.

The next step of this work is to exercise the tssof this work
in existing courses as an experiment in the valigiitd potential
of in-classroom use. This can help to evaluate twike a range
of educational goals a Virtual globe can achieveatwscope of
geospatial data and functions is practical to beduand what
the difficulty is when considering a Virtual Globa classroom
use. More geoprocessing services and models, bated by
globally distributed organizations, can be regedeinto our
system after going through tests and peer-revigwedesses.
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