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Abstract: We discuss the development and application of Web Sdérasesl
Geographical InformatiorSystemGrids (GIS) Following the WSI+ approach to
building Grids upon Web Service standards, we have developed data grid
components for both archival and re@the data, map generating services that can be
used to build user interfaces, information seeg for storing both stateless and
stateful metadata, and service orchestration and management tools. Our goal is to
support dynamically assembled Grid service collections that combine both GIS
services with more traditional Grid capabilities, such as fransfer and remote code
execution. We are applying these tools to problems in earthquake modeling and
forecasting, butwe build general purpose tools using and extending appropriate
standards.

1. Introduction: Information Architecture for the Data Deluge

As Grid technologie§20][21][9][6] and applications mature, a common theme in many projects
has been the recognition that distributedadatcess is at least as important as scientific
computation. Data access is often thought of as large data archives and their replicas
[74][73][4], but in this paper wargue that data streaming, especially for-teaé applications,

is also essential. In general we see the future of many Grid applications as being dominated by
data stream filteringmanagementgvent detection, and data mining on data stremns

sersors The connection between sensor data sousoels Geographical Information Systems
(GIS) is particularly strong. Developing a Web Service architecture that allows us to manage
these data sources, connect them to filters and applications, and dediwertd users in a
comprehensible fashion serves as our focus in this paper. Thjectsuhus naturally
encompasse&IS service implemdations, information systems, streaming data management
software, messaging ssibate technology, and workflow. We ivgresent our work on these
topics in this paper.

1.1. Sensor Filter Grids

In later sections of this paper we will address specific development work and research issues for
GIS Grids, wewish to emphasize in this introductiothat we believe our apprdacis
fundamental and can be generalizedother problem domains besides GIS applications. We
discuss herea common Grid infrastructure for data analysis and other apphsatn both
distributed scientific researcand those like Homeland Security with an #extture termed
SensorFilter Grids (SFG) These Grids arebuilt around streams supported by a powerful
messaging system to achieve higkeractivity and performance for distributed analysis. The
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approach is applicable to management and analysis of §elstrdbuted information resources
including those found in data analysis as well as the documents and presentations associated with
a scientific activity. Our approach exploits the mtikr federated and hierarchical structure of

most problems of the/pe sketched ifrigurel.

A Sensor Filter Grid can support the scenarid-igiure 1. One can define a particular Sensor
Filter Grid to correspond to a particular workflomKing services together and produce the
associated support for this workflow. Figure 2 shows what we cath#weoscopic workflovin
Sensor Filter Gridederating different information sources together. Different instances of this
paradigm correspond thifferent configuration parameters and to different choices of component
application services in the workflow. The different instances share the overall paradigm of
workflow, sensors and filters as well as general Grid system services. We discuss
implemertations of these ideas Bections-7.

Raw Data > Data > Information > Knowledge ->Wisdom
L5, Another o
N gl m id Decisions

Figure 1 Vision of Sensor Filter Grid with filters (FS) shown from many fields, proce
SOAP messages from sensors (SS),(fét)d and services controlled by metata (MD) ani
supported by other services (OS).

Sensor Filter Grids built around three distinctive featuresnformation services that present

data through traditionaervice interfaces; filters that accept data with these interfaces, transform
them and present them with the same interfaces; streaming connections between all services that
provide on the fly archiving, higherformance transport, security and fault tatee. Avery
commonfeature is that the filters are composaible distributed federated hierarchical fashion

We suggest that scientific data analyisés this characteristic whereas for exampétriduted
simulationswould typically not be composahie this fashion.

As shown inFigure 3, Sensor Filter Grids built from information services and filters that
support identical service interfaces. The source, structure and processing of data in information
servies is opaque while filters transform or aggregate data from other fiterformation
services.Figure 2 shows how full filter services are built from basic filter services using
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application dependent datafloMie term this the microscopic workflow as it is embedded in the
Gridlets shown inFigure 4. The filters in this Grid stylecombine hierarchically e.g. in
information etrieval one can merge ranked lists to obtain a new rankedHikt in statistical
analysis, moments and histograms can easily be combined.
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Figure 2 A Filter Service is a general workflow (the microscopic workflow) of Basic Filter Services
@ = Information
Resource
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Figure 3 Sensor Filter Grid is built from Information resources wrapped as Web Services and Basic
Filters that either transform or aggregate Information. Information Services and Filters support identical
Service Interfaes

This commsability of the filters supportsatural scaling and federation algorithms and defines
the Sensor Filter Gricstructure. Note that superimposed on the tree of filters and information
sources one has a Grid of system services like securityefiaility which are shared between

the different applications. One supports this paradigm with an interactive administrative interface
allowing system configuration, information sources and filters to be defined. The system can be
elegantly virtualizedso that in specifying the information sources, one can either give very
specific resources or Semantic Web style specifications for a discovery service. Of course this
type of support is independent of ti8ensor Filter Gridapplication area; one must just
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distinguish service specification from the location and number of services. Note that there is no
implication that all filter actions are identical; one will design the messages on the datastreams
between filters so tlyeare self describing. Thus in infaation etrieval the filter services are
designed so they can accept full documents (specified by a URI), title or simple metadata. This
flexible construction allows filter trees to be built that don't depend on number and exact features
of information resurces.

1.2. Role of Streams

A critical feature of the architecture is the use of a powerful messaging infrastructure
NaradaBrokering49][22] for linking between the services kigure3 andFigure4. This allows

all services to be linked by managed reliable streams. NaradaBrokering can be deployed as a
distributed set of brokers, and (in the latest release in June 2005) as Apachaniiess. This
release supports WRBeliableMessaging50], WS-Eventing and WNotification [51]. These
capabilities allow fault tolerance and asynchronous messaging with pabbshribe semantics

[24]. We are developing a sophisticated management environment that controls and monitors all
streams in a Grid25][26] and extends fault tolerance across streamsjcesnand message
brokers. The latter allows one to control the flow of data into filters so that there is no overflow.
NaradaBrokering supports the subscription of redundant services to aid in fault tolerance. The
Web Service messages flowing in Naradalrotg can be archived at any link. This provides

for dynamic caching to support system performance and is also used in message throttling. This
NaradaBrokering archiving service replaces the replica management familiar from current
particle physics Grid§4]. The archive service is of course supported by a metadata catalog to
manage it.

NaradaBrokering supports software multicast and so it is straightforward to build collaborative
sessions by multicasting the links. NaradaBroigehas been successfully used for auddeo
conferencing and other collaborative tools in the commercial Anabas product [Anabas] and the
open source GlobalMMCS projeft6][23]. A current succesdul use of this technology is for
integrating seismic archives with data assimilation techniqépdor mediumrange (510)
earthquake forecasting. We are also developingtireal GPS sensors used by NASA for
Earthquake madtoring [26]. We deploy simple versions of the architectures proposed here with
sensors, filters and data mining codes linked by-tre@ streams. These time sensitive
applications spurred the development of several integestichnologies including a metadata
catalog that supported (with different implementations but the same interface) both scalable large
scale access and low latency access needed for interactive use by the relatively small number of
services involved in amdividual workflow.

We need to ensure that our architecture streams information as fast as possible between services
while retaining the advantage of Grids and Web Services. This can be achieved as all service
messages are handl edNabwdoaBeoRsyshgmwht bho@igohn
SOAP as the transport. There are two important aspects that need to be optithe&dnsport

protocol and the representation of the information in the message. For the protocol we exploit
Nar ad a Br abkitg to suppgrbgeneral protocols which can be chosen independently of the
application with in a service model the last handler in a container choosing the protocol. UDP,
TCP, parallel TCP, HTTP, HTTPS are currently supported. One should also ineeshigat

FAST kernel[77]. NaradaBrokering can also link to network monitoring tools and here we
should study links to th&1onALISA agentbased global monitoring and control systgf6].

This is widelydeployed in the physics community and now part of the Virtual Data T¢o8it



Now we turn to the wirgepresentation used in the messaging. Several studies have shown that
transport of XML and SOAP messages encoded incotvée ona-br aakgt e repr ese
is too slow for applications that demand high performance. At the same time several groups are
developing ways of representing XML in binary formats for fast message exdia@[55].

We are developing46] a Web Service negotiation language for higher performance Web
Services to negotiate both the protocol described above as well as the repressctiative such

as choice between Fast and Binary XML. Initial negotiation will be done using standard SOAP
anglebracketed messages to determine the supported representation and transport protocol
capabilities. We will employ handlers to take care of thevecsion and transport issues, which

will make the negotiation and transport process transparent to the services. Once the services
agree on the conditions of the data exchange, handlers convert XML data into an appropriate
binary format and stream it ovarhigh performance transport protocol using NaradaBrokering.

SR A
W

Figure 4 A Gridlet is defined by combining information services and filters. The Multiple IS in a Gridlet
can be explicitly defined or gerated by IS virtualization using Sensor Filter Grid directory and
Metadata services

1.3. Overview of Paper
In this paper we describe our efforts to implement the general architecture outlined above, with
specific applicabns to our SERVOGrid projectOurgen e r a | approach -lisdo base

approach[6] to building Grids: we start from core Web Service standards (SOAP, WSDL,
UDDI) and build outward on otheapplicable World Wide Web Consortium and OASIS
standardsGeneral oveviews of Grid technology are available frga0][9].

The major components of owfforts are detailed in separate sections. We begin with two
sections describing our work to build and extend \8elvices to support basic Open Geospatial
Consortium standards: the Web Feature Service and the Web MageSédrhese are foundation
components for GIS Grids. The feature service is a basic Data Grid component that provides
access to data and metaddtawt geographic featuresrhis work is described iBection2. As

we have discussed in the introduction, Data Grids must depebdtbrarchival and redime

data. We discuss our architecture and implemientadf reattime data services for Global
Positioning Systems irBecton 3. The Web Mp Seavice is used to build user interface
components for GIS Grid componen®istributed nap servicesender maps from oviays that

may be created frorfeature data as well as other map service components. We describe our
ef forts t oOpdnGeospdtial iCpnsartisa®GC) [47] map services as well as map
services and clients that combi@pen Geospatial Consortiuand Google map approachies
Sections3and4. We concl ude wit h tastiatiessthatcbind thesesserces fi g | u
into Grids and Grid applicatior(seeFigure2 andFigure4). Our Information System approach
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(Section6) is based on the Web Service standards UDDI andGt&text. Finally, Web
Servicebagd Grid systems must be managed, and services may be combined into composite
applications that integrate GIS and more typical Grid services for code execution. This is
described inSection7. Finally, Section8 proposes thaGIS Grid and Web Services may be
usefully abstractedand applied to other, ne@IS domains. More extensive technical
documentation on this project is available from the SERVOGethnical Docurantation report

[60]. More information and project downloads are availablenff@5].

2. Web Feature Services to Support Data Grids

Geographical Information Systems standards provide useful datdsraode specifications for

data transport. In this section we concentrate on support for archival data storage and access
through Web Service protocolsWe use this to provide access to Global Positioning System
records, earthquake fault descriptions, aetmic activity records More detail on supported
formats and available data can be found[60]. Support for reatime streaming data is
addressed in Sectidn

2.1. Building Web Feature Services with Web Service Principals

The Open Geospatial Consortiuvleb Feature Servid@VFS)[69] implementation specification
defines interfaces for data access and manipulation operations on geographic features using
HTTP as the disiibuted computing platform. Via these interfaces, a web user or service can
combine, use and manage geaphicdata from different sources by invokingveeal standard
operations.

As a minimal requirement a basicely Feature Service should be able to prade requested
geographical information as Geographic Markup Langyagé feature ollections. However

more advanced versionglso s up por t Acreat e, updat eThreedel et e
opeations must be supported by hasic Web Feature Service GetCapabilities,
DescribeFeatureType and GetFeature

Web FeatureServicesallows clients to access and manipulate the geographic features without
having to consider the under!l yi ngoudhtedVFSt or e s
interface which allows the data providers to integrate various types of data stores with one WFS
instance Clients interact witha Web FeatureServiceby submitting database queries encoded in

Open Geospatial ConsortiuRilter Encoding Implematation and in compliance with ti@pen

Geospatial Consortiulm€ommon Query Language.

According to the Op en Geospat i aWeb FeaturesServide iimplerdestation
specification hosts implementingdTTP arethe only explicitly supportedistributed canputing
platform. Employing HTTP as the default transport protocol requires use of one of the two
request methods: GET and POST. Howewsing HTTP protocol introduces significant
limitations for both producers and consumers of a servilce.contrast,Grid Web Services
provide us with valuable capabilities such as providing standard interfaces to access various
databases or remote resources, ability to launch and manage applications remotelirobr co
collaborative sessiondevelopments in the Web Sereiand Grid areas provide us with
significant technologies for exposing our resources to the outer world using relatively simple yet
powerful interfaces and message formats. Furthermareneed to access several data sources
and run several services aethiame time for solving complex problems. Thisus of scope for
HTTP butis a part ofrapidly developing workflow technologies for Web and Grid Services. For
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these reasons we have based our WES implementation on Web Services principals.

We have initidly implementeda Web Service version of basic WFS which supports the three
mandatory operations through a WSDL interfag€ach operation takes an XML document as
argument and returns another XML document as response. While implementing these operations
in a Web Service contextve had to choose appropriate types corresponding to the programming
world. Ideally, we would define these in the <wsdl:itype> section of our WSDL service
definition, but unfortunately support for struckd types in Apache Axis (oudeployment
framework) is limited.Since the requests and responses aredeéiihed XML documents one
possibility is to create object representations of these in our favorite programming language, i.e.
we can create a Java Object for each GetFeature tatpesnent and the returnifi@eographic
Markup Languagelocument can be another Java objddtat is, we will make the service itself
(rather than the container) responsible for XML serialization argkdalization.

In this case the communication betwa&'FS and the client is based on exchanging Java objects.
However this approach severely undermines the interoperability with clients who might use other
programming languages such as C++ or Python to communicate with our service. As a simpler
solution wehave used strings as argument and return types in these operations. This allows
clients who use other programming APIs to communicate with our Web Service to simply send
and receive XML documents without any format conversions. However this method aso has
significant shortcoming; since the Web Service returns the resulting XML documemt as a
<xsd:gring>, this has to be constructed in memory and the size will depend on several
parameters such as the system configuration and memory allocated to thertimldWachine

etc Consequently there will be a limit on the size of the returned XML documents.

We have tested our Web Service implementation of WFS in several scenarios such as producing
fault maps of Southern California, displaying seismic historyasfiqular regions on the map

etc. A very interesting application domain was integrating our GIS services with Pattern
Informatics[64] code to forecast future seismic activities in a selected geographic régisris
describd in more detail if7].

To measure the performance of our WFS implementation we made several tests using seismic
catalog for year 199ghe most eventful yeafjlom Southern California Earthquake Data Center
(SCEDC). Tests werperformed for the following lower bounds with seismic event magnitudes:
M=5.0, 4.5, 4.0, 3.5, and 3.0. These correspond to increasing data file size, as sha@la In

The entire catalog from 1932 to 2004 has 401,403 entries.

Tablel SCEDC entries for test year 1992

Event Number of | GML
Magnitude Seismic Result Size
Lower Bound Events (KB)

5.0 19 11

4.5 67 36

4.0 209 106

3.5 587 287

3.0 1790 880

The Web FeatureService starts processing user requdsysextracting the dabase query from
7



the request (encoded as a GML Filter) and uses this to construct a corresponding MySQL query.
The results of the database querying process are used to create a GML FeatureCollection which
usually contains multiple features (1790 featdoesnagnitude 3 and larger). We measure WFS
performance by timing the steps required to process GetFeature requests. The tests are made over
15 runs. Data from 1/1/1992 to 12/31/1992 were requested and latitude/longitude bounding box
(-117.0, 32.0(-1140-37.0) was used.Table 2shows the results of the performance tests.
Measurements are in milliseconds.

Table2 Web Feature Service performance.

Event Building Total

Magnitude | Database GML Request Data Total
Lower Query Time | Object Processing | Transport Response
Bound Time Time Time

3 363 335 3992 N/A N/A

3.5 3616 131 3774 1412 5185

4 3615 31 3664 558 4222

4.5 3612 14 3639 214 3853

5 3609 6 3627 80 3707

For each event magnitude we make five different measurements. Althloeigg are few other

steps involved in the process such as initialization of the Java objects and extraction of the
database query from the user request, they do not take significant amount of time and are not
determinative in the total response time.dbaise query time displayed in column 2 is the major
contributor to the total response time and demonstrates a similar value for all the data sizes.
Building GML objects from database query results was another major time consuming process in
our previous tsts[7] especially for larger GML payloads however with the new improvements

this process only takes about 10% at most and can be ignored for the larger event magnitudes.
ATot al Request Pr oces s i nmountaftme épent anlthe senver sde o w s
for processing a user request. From the <clie
simply the amount of time between submission of the request and the retrieval of the oesult. F
this reason we also measuhe data transport times between the WFS server and client which
are displayed in column 5.

These results demonstrate significant improvement from our earlier results discugggd in
Although the previous results did notcinde the data transpatime and total responsdime
since they were computed by another system component, we sagnthat the internal
optimizationsmadein WFS to better handle GML creation gave significant results.

Performance testteach us valuablelessons in terms of the capabilitiaad limits of our
implementation.From the above resuive draw following conclusins. First, 6r small data
payloadshe responseme is acceptable. Howeverrflarger data sets thgerformance decreases
sharply andhe response time is relatively longsecond, ltere exist a maximum threshold for
the amount of data to be transported.

In our further tests we found that for event magnitude lower than 3 the WFS does not return any
results and throws an out of memomception due to the fact that it is not possible to create an
in memory string representatiof the resulting GML document
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2.2. Streaming Web Feature Services

Scientific applications such as Pattern Informafiéd] and RDAHMM [34] require large
amounts of data to be transferred between servers and clients. Our Web ®asetkSVFS
implementation proved to be appropriate for transporting smaller data paytuadsver for

large data sets either the fmemance is low or the system does not work. For these reasons we
have investigated alternative ways for data transport and researched use of topic based publish
subscribe messaging systems for streaming the data. Our research on NaradaBrokesng show
thatit can be used to strealarge amount of data between nodes without significant overhead.
Additional capabilities such as reliable messaging and support for different transport protocols
already inherent in NaradaBrokering show that it is a powerful 3@t ® integrate messaging
infrastructure. For tbse reasons we have developed a novel Web Feature Sbkatiggegrates

Open Geospatial Consortiuspecifications with Web Servi€eBOAP calls and NaradaBrokering
messaging system.

Our streaming Wb Featue Service works similarly with the nosstreaming version, however
instead of using HTTP as the transfer medium we publish the results to a NaradaBrokering topic.
The clients make the requests with standard SOAP messages but for retrieving the results a
NaradaBrokering subscriber class is used.

The aility to stream the results over NaradaBrokering topics also gives us another opportunit

for improving the performanceve uti | i ze MySQLOs ability to st
by row and create the GMleature members as they become available. This allows us to start
publishing the results after a short query submission time without waiting for the whole result set

to be returned from the database as in the conventional implementation.

Initial performane test results for out streamitgFS implementation is discussed in brief in
[27]. Here we give a detailed description of the test scenario and compare both WFS versions.

The performance tests are made with the same paranusesfor testing the nestreaming
version; we used SCEDC seismic catalog for year 1992 and queried data for seismic event
magnitudes M5.0, 4.5, 4.0, 3.5, and 3.0able 3shows the timings taken for various steps. All
measurements are in milliseconds.

Table 3 Streaming Web Feature Service perfoncemeasurement®r seismic records (in millisecond)
are reported

Event Database Building Request Data Total
Magnitude Query Time | GML Object | Processing Transport Response
Lower Bound Time Time Time
3 2545 449 30% 710 4494
3.5 2552 153 27% 177 3976
4 2542 72 2705 218 4064
45 2527 16 2621 164 3962
5 2530 6 2611 11 3754

The results show that by streaming query results from the database we reduce the database query
time by aroud 30%. Perhaps the masterestingresult of this test is that the data transport time
does not significantly affect the overall system performance. Even for the largest data payload
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the transport time is only 17% of database query time. Overall thenstige/FS outperforms
nonstreaming version by a significant margin for large data payloads and demonstrate an equal
or better performance for smaller data sizes. Another important point is that therdsaissiae

limit in streaming version which is a foa advantageThe fllowing graphics visualize the
performance measurements for both WFS versions.

Streaming WFS Performance
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Figure 5 Performance of streaming Web Feature Service
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Figure 6 Performance of nostreaming Web FeatarService

2.3. Web Feature Service Future Work

Although we have improved the performance of our initial WFS implementation and solved the
data payload size limit by developing a streaming versianstill have to investigate further
improvements. One interesy field to explore is binary XML representation schemes
[17][9][55]. We are currently developing a framework for Web Services to negotiate various
characteristics of #r communication for better performances. We will apply our research in
this area to WFS to negotiate transport protocol and binary XML format for encoding GML
feature collections. We think that by encoding XML in a binary format we will be able to reduce
the size of the data significantly and by using alternative transport protocols such as UDP we will
be able to transfer data faster.

3. Visualization Web Services for Geographical Information Systems

In previous sections we addressed the problems of @wgesata sources usinge@graphical
Information Service data models and servic&3lS standardssuch as the Open Geospatial
Consortiumds Web MhimrodSce methodsard envikbivitents to visualize,
manipulae, ard analyze geospatial data using maps. These map servers typically compose maps
as layers. These layers may come from distributed sources: Web Feature Services provide
abstract feature representations that can be converted to images, and other mapnagrvers
contribute map images. These supporting services must be foundnfsimgation services and
metadata descriptions. Thus, map generation services provide interesting problems in distributed
service coordination.

Map generation is also obviously afe GIS services meet user interfaces. In this section we
exmine several issues: how do we implement a Web Map Server to support Web Service
standards, how do we integrate this server with other (data and information) services, and what
approaches shoulde use tareate client interfaces and manage the chentice interactions.

3.1. Challenges in GIS Visualization Systems

To provide context for our distributed map serviesearch andlevelopment work, we begin
with a discussion of general challenges ifiding these systems

Interoperable and easy to integrate services (Web Servigég):emergence of Web Service
overcomegprovidescrossplatform and crostanguagesupport in distributeénvironmerdg. Web
Services Achitecture[79] establishes a standard interconnection rules between services and
information clients that support the dynamic integration of data, which is the key to creating a
spatial data infrastructure. By introducing Web Services, distributed GIS servigesdifferent
vendors can be dynamically integrated into the GIS applications using the interoperable standard
communication protocols of the Web Servi{gg].

Efficient data representation andformation extraction The OpenGeospatial Consortiuins
Geographidviarkup LanguageGML) is an XML structured data representation format. Using
XML as data representation format giva@sseral advantages includinganipulating, extending,
guerying and navigating geospatial dathe mostimportant drawback of using XML as data
representation is that it increases the original size of the data. This increase elysesmdhe
response construction atidnsfer time For the manipulation and information extraction of the
XML structured ded, we use theXML Pull Parser[80]. Pull parsingdoes not provide any
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support for validation. This is theainreason that its much faster than its competitors. If you

are sure that data is completely vali if validationerrors are not catastrophic to your system,
or you can trustvalidation on the serverthen using XML Pull Parsing gives the highest
performance results.

Supporing legacy and Web Service messaging and transgigpen Geospatial Consortium
specificationsfor the Web Map Services must support bothTML Get/Post and SOABRver
HTTP protocok. Each of these access methods uses HTTP as its undérgmsgortprotocol.
Although Web Services can operate over almost any internet protocol, HTTP isteeeor
protocol for legacyGIS applicationsThe most welknown drawback of the HTTP protocol is
the lack of support for asynchronous messagg.the other handweb Services provide
valuable capabilities such as providing standard interfaces to access vanmie resources,
ability to launchand manage applications remotely, or control collaborative sessions etc.

Streaming of XML data transterWeb Services communicate with each otherXfdL based
messaging enveloped witBOAP. SOAP provides much more tsuctured format to the
messages then the HTTP Get/Post, but translating each message call to SOAP and the translating
the results back to a native formattime consuming In order to be able to overcome this
drawback we use streaming over messagingdievdare.Streaming Web Feature Services are
discussed in Sectiod. The streaming Web Map Service is complementary, since it must
construct graphics based imiormation from the feature service.

Quality of servicesWeb Map Service users can select different combination of run time
properties according to their needs. These properties are related to streaming and Catalog
Registry services. Depending on users settings of the variables in the properties file users will
end upwith four different modes of mapping servers. These running modes are basically;
Streaming & Registry Enabled, Streaming & Registry Disabled,-d@aming & Registry
Enabled, Norstreaming & Registry Disabled.

Bridging between multiple Map Servertn addtion to providing supports for both HTTP
Get/Post and SOAP protocols, we must be ableggregate and provide capabilities from
different mapping services running on different distributed computing platforiieese are
referred to aCascadingVeb Map @Rrvices. In that contexta mapserver acts like a client to
anothetWeb Map Servicand as a server to the clientée client does not need to keep track of
severalWeb Map Serviceservers; it only has to be aware of one. The cascadlaly Map
Servicereports the capabilities of the oth&eb Map Serviceas its own and aggregates the
contents and capabilities of several distidéeb Map Serviceservers into one servicén our
project [7], we have been usingandsat 7 satell imagery map fronWeb Map Serviceat
NASA OnEarth[45][53].

3.2. Different Approaches to Web-Based Client Architectures

Web application cliensolutions can range from simpfet h i n browsertamose @wapable
At helcikent 06 i mp | ecomeEneldroad levelsnos datedieation, manipulation, and
presentation.

In the thin client model, most of the processing is done on the server Sithe. client is
responsible only for rendering the displayAll computations are performed on the server
(typically developed with Java Servlets, PHP, or similar technologies). Thin clients must go
back to the server to process any user interface events (like button clicks and form submissions).
In contrast, ahick client model assumes some ntiivial data processing on the client side.
These clients can do some processing of data (such as form validation or event handling) without
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making arequest back to the servdtick client examples include Java appland Java Web
Start applications as well as JavaScript.

We have examined map clients using both of these approaches. We are currently examining a
hybrid approach By thi s way we take advantage of b ot
achieve this, wereatea middle proxy server fot h e i r eserdero Eachalgnt makes its

request to this middle server. Th&datle servemust implementaching and session information

for each connected clients. This prevents unnecessapgateddata transfexr and increases
transaction performance. In th&enario the workload comes from integration of images
produced from caches and newly coming datadlrawback isthe storage limit in the middle
serverkeeping cached image data

In this proposed approach systéake advantage of both thin client and thick client approaches

to Web based client applications. The most important advantages of these two approaches are
listed above. In gener@pen Geospatial Consortiucompatible mapping services are stateless

and ca&hing is not available. Our generic middle server infrastructure is easy to integrate to any
Open Geospatial Consortiutompatible GIS Visualization systems.

We have also investigated the integratiorAsf/nchronous Java Script and XMRAJAX) [30]
approachks for building map client$soogle Maps aran example of a high performance AJAX
based application. AJA¥ s e s J a XMLBlitpReqyestobjsct for themessage transfers.

Web Services use Simple Object Access Protocol (5Q#s a communications protocol. In
order to be able to integrate these two different computing environegnts different message
protocols, we created a new framework converting message formats from one computing
environment to another. This framewaskdesigned for browser based web applications using
Web Services. It enables users to utilize AJAX and Web Services advantages.

3.3. Creating Map from Geographic Data

Web Map and Feature Services cooperate to create map images.eMksentedeapgraphical
featuresobtained from Web Feature Services are converted by Web Map servers into images
usingmatrix-pixel (raster dadaor points, lines and polygons (vector daf#)e basic operations
related to mappingsclude discoveringthe physical address of tliata providers, transferring

the data from data servers and rendeiirtg create a mapA map is not the data itself. Maps
create information from raw geographic data, vector or coverage data. Maps are generally
rendered in pictorial formats such as @PBoint Photographic Expert Group), GIF (Graphics
Interchange Format), PNG (Potable Network GraphM&gb Map Servicalso produces maps

from vectorbased graphical elements in Scalable Vector Graphics (SVG).
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A Web Map Servicgrovides three main servicegetCapabilities, getMap and GetFeaturelnfo
GetCapabilitiesand getMap are requirdd produce a mapand GetFeaturelnfo is an optional
metadhta service.In this section we only give information about the workflow of producing
maps. For more details abaur Web Map Servicemplementationplease sefb6].

Maps arecreated upon a specific request (getMap) from dhents. Chained processes to
produce maps are illustratedfigure7. After getting the getMap request, tteb Map Service
goes over the flow depicted Figure7 and f everything succeeds, then returns the result as an
image in a format defined in tlyetMaprequest. All the supported image formats are defined in
Web Map Servicecapability document. Requests for the image formats should be made in
accordance with thé&/eb Map Servicg s ¢ a p a Elientsi should makel fiest.getCapabilities
request to be able to set appropriate parameters fogétdaprequests.

Web Mapping Services are provided over the HTTP Get/Post and /BDAP protocol. Each

of these accesseathods uses HTTP as its underlying protocol. The image is returned back to the
Web Map ServiceClient as a AP attachment; thelient invokes getMapthrough the Web
Service interface. If th&Veb Map Serviceencounters any problem during handling of the
request, it sends an exception message back t/dteMap Servic€lient. If the request is well
formed then theWeb Map Servicdirst parses the parameters andsgéeir values from the
getMap Depending on these paramet&¥&b Map Servicenight need tonake some requests to
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some othelWeb Map Serviceservices.Web Map Servicefirst determines what layers are
requested, in which bounding box, in which form, and so forth. After determining all the request
parameters, it makefind_serviceand getAccess_pot requests to IS to determine the WFS
providing requested feature data. These requests are done as SOAP messages to IS service
interfaces which are implemented as Web ServiGetAccess_pointeturns the Web Service

access point address of the WFS thatvides the requested featuweb Map Servicenakes
getFeaturerequest to the returned & FeatureService and gets the requested feature data in

GML format. The Web Map Servicelerives geometry elements from the GML file to visualize

the feature data.hlese geomegrelements in GML ar®oint, Polygon, LineString, LinearRing,
MultiPoint, MultiPolygon, MultiGeometryetc. At each step of therocessdisplayed in the

figure, Web Map Servicenodules are checked against iNeb Map Services capabi |l i ti €
Capabilities file keeps information about the service metadata and provided layers.

3.4. AJAX Approaches

This section explains the integration framework which is designedrovser based web
applications using Web Services. It enables users to utilize AAMXWeb Services advantages.

For the detailed information about the architecture and advantages of the system please see
[57][Sayar_ajax2005

AJAXuses HTTP GET/ POST requests (tforrthemesdgpe JavasS
transfers (see (A) ifrigure 8). Web Services use Simple Object Access Protocol (SOAP) as a
communications protocol (see (B)kigure8). In order to be abletintegate these twdifferent
message protocols, waustconverted the message format from one protocol to another. Since
there is no ready to use common protocol to handle messages communications between AJAX
and Web Services, wiemplemented a simple messageversion techniquésee (C) inFigure

8). This essentially works blgaving the XMLHttpRequest communicate with a servlet, which

in turn acts as a client to a remote Web service. This allows us to easily dmivwerén SOAP
invocations and HTTP POSTS. It also has the benefit of avoiding JavaScript sandbox limitations:
normally the XmlHttpRequest object in the browser can only interact with its originating Web
server.
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Figure 8: (A) PureAJAX Approach, (B) Web Services Approach, andlyB)id (AJAX+ Web Servicds
Approach

3.5. Integrating Google Maps into Web Mapping Servers

As it is mentioned befor&Veb Map Serviceeturns maps in the form of images such as JPEG

GIF and PNG.Web Map Servicelients get the maps in image formats andriays them.
OrdinaryWeb Map Servicelients canot use maps coming from Google Map Servers. To solve
this problem and use high performance Google maps iW@&lr Map Servicapplcations and

overlay different map layers coming from the comriideb Map Servicevith the Google Maps,

we created an intermediary Google Mapping Server. It tadeb Map Servicecompatible
requests from th&/eb Map Servicelients, converts these requesito a new form that real
Google Map Server can understand. In contrasDpen Geospatial Consortiucompatible
getMaprequests, Google Map server uses requests with different parameters such as zoom level,
tile numbers and tile width.

In case of usingntermediary Google Mapping Serv@tescribed ind), cascaded proxyVeb
Map Serviceshould be able to transform map layers from inteliargy Google Server and other
Web Map Servicento a number of different projections and imdgemats (sed-igure9). So
that it offers an integratieand dynamic view of geospatial data in a distributed environment.
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Web Feature Service. Seismic events locations (in response to calls to a Web Feature Service) are
represented with points.

4. Integrating Open Geospatial Consortium and Google Maps

In the previous section, we discudsrur efforts to build a) Open Geospatial Consort{@@C)
compatible Web Map Server, and b) methods for building clients to this service. The key
division is between the thin client model (which requires requests for each user interaction) and
the thickclient model (which allows some processing and event handling on the client side).
The former approach is more commonly seen with stantlédeth Map Servicesystems, while
Google Maps exemplifies the latter. We discussed how we can integrate both technique

In this section, we take a look at a slightly different problem: using Google Maps as a Web Map
Server. This requires reverse engineering the Google Map API. It has the advantage that it
allows us to treat Google Maps as just another map servelangex, integrated Geographical
Information System deployment: the Google Mapsmselves are wrapped and accessed
throughservices rather than client3his is useful for no#interactive processing that does not
involve Web Browser clients.

Google Maps s a free web map server application and technology provided by Google at
http://maps.google.com. It was first introduced in early 2005 and provided high resolution
satellite images along with hybrid view which combines the illustrated map and sateilite vie
Google Maps client has a simple interface and creates map images using a large amount of
JavaScript. As the user drags the map, the grid squares are downloaded from the server
performing asynchronously network requestthwiavaScript and XML (i.e. AJAX The Google
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Maps featuresf providing useiinteractiveinterfacesamap API[31] and rich map images have
been attractive to many third party argbé] including scientific applicationsdloweve, Google
Maps is notOpen Geospatial Consortiuoompliant and, to our knowledgthere are no current
Open Geospatial Consortiustandard interfaces for layering, combining, or importing and
exporting data between Google Maps and open mapping environnBarsisles publishing
Google Maps images throudiieb Map Serviceothershave introduced addin@pen Geospatial
Consortiumbased VébMap Serverlayersto Google Map clienf33].

In this section, we introduce a Google Maps cotoreevhich providesOpen Geospatial
Consortiumstandard interfacefor higher interoperability in &d computing environment. To
accomplish this, we first investigate Google Maps mapping procedure. This information is meant
for the proof of concept of Gridf Grids approach for seamless integration of-vealld GIS

systemsSome use cases that involvaaping themapimagesf r om Googl eds ser ve

against the tens of service, so it is advised that these be reviefv@dmore information on the
innerworkings of GoogléMaps, se¢42][32].

4.1. Map Tiles

Google Maps are made of dozens to thousands of tile images, depending on the zoom level.
Google Maps uses 256x256 pixel tiles for their map im&ggsh Google tile hasorresponding
latitude, longitude and zoom Value. These are representedybgndzoom Here is what a tile

path from Googleshowing San Francisdookslike:

http://mt.google.com/mt?v=w2.6&x=20&y=49&zoom=10 (A)

The x and y coodinates specify the location at the given zoom level; zoobnis=the highest
possible, and zoom is a |l ogarithmic scale.
this paper, it is w2.6. To get the X, y tile number, we compute the address tfetwhich

contains the given coordinates and zoom level, as well as their pixel address on the entire map.

Next, based on the tile number and zoom level, find the minimum and maximum x, y pixel on
the entire map. The later is used to crop part of aimagebefore outputtingo the requestor
Computing zoom level will discuss later in this section.

Processing satellite maps is totally different than Google illustrated map. The satellite map tiles
are also encoded as 256x256 jpegs and its URL showmé§r@acisco is lookkes:

http://kh.google.com/kh?v=3&t=tqtsqrqt  (B)

A satellite URL o6v=06 paramet er v alparametérsof v =3
the satellite URL is a string of letters encoding the location of a particular guapes This

simple hierarchical structure is known as quad tree. Google labels the four qugdrast& t.

The topmost tile contains the entire world map, and is referenced with an addreskliofg an

sto this selects the bottenght quadrant othe map,addingr to the topright of that mapand
addingq to the topleft. This continuesnside each quadranntil the maximum detail is reached.
Since weknowthe X, y, zoom values of the Google Map,tites easy to find corresponding q, r,

s, t kased on their quad tree characteristic. @amiledconversionnformationbetween theses
availableat[72].

A Google Mapconnectoprovides a parametelayersto distinguish illustrated and satellite map.
The form of thedJRL-encoded requeshowing satellite map of California with bbox valugss
follows.

http://GoogleMapsConnectorServer/cgibin/wms.cgi?layers=satellite&
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height=500&width=400&bbox=-124.85,32.26113.56,42.74 (C)

The width and heightvaluesare optional If these are omitted, a returned map image is not
croppedor resized.

4.2. Bounding box and zoom level

We need at leastobox width and height interfacesto comply with Web Map Server
specifications The bounding &x (bbox) is a set of four comnseparated demal, or integer
values. When the map projection is a Platte Carre of longitude and latitude coordinates, X refers
to the longitudinal axis and Y to the latitudinal axis.

Based on the giveboundingbox value, finding the matching zoom level of the Goddbp is
necessaryo compute tilecoordinatesinformation explaining a selection box for Google Maps
available at[39]. Based on thisscript file, an array of 18 zoo#evelarea data is used to
determine the correct zoomvid of the Google Map. With given bbox values, #iee of the
(pixel) area is

areaSize = abs{($maxEminX)*($maxy-$minY)}.
When
zoonlLevelAredata[i] < areaSie <zoonlevelAredata[iH1],

the corresponding indekis the zoom levelFor instance, the sizaf the bbox of above URL
encoded request (C) is 118.3192 anddtsm level is 11. Here is a spha of area data,;

zoomLevelAreaData = (0.000044782205316291115, 0.00017912880077214252,
0.0007165152014842625, 0.0028660594751396392, 0.01146422704873143,
0.045 85681809304249, 0.18342716717851734, 0.7337069855714002,
2.9348010091822907, 11.738430973389503, 46.94408531995497,

187.64344725577126, 748.5823131256056, 2961.473356669126, 11242.849261491675,
36095.54334444813, 86649.85238489839, 177134.48041308092)

4.3. Implementation Details

We have implemente@pen Geospatial Consortiuoompliant Google Maps connector using
XAMPP [71] to facilitate the installation of a freeross platformWeb serverable to serve
dynamic pagesThis software pekage contains Apache, MySql, PHP aret|PTo crop, resize

and convert map imageBerlMagickis adopted. PerlMagick is a free graphics module designed

to be used online. It is based upon theageMagicklibrary and uses the module to read,
manipulate, omrite an image or image sequence from within a Perl script. This makes it very
suitable for Web CGl scripts and can be used for the automated and interactive manipulation of
images.

Map tiles can be fetched wittvget or from a Rrl script, etc All accesed map tile images
including satellite are cached each time on the Google connector server to run to save time on
future runs. After grabbing all corresponding tiles, combining these together is needed. There are
couples of script files available providjrthis feature on the wel62]. Based on this, ad®

script using ImageMagick command has been usegdttter and stitch image together. However,

this script needs additional functions to crop and resize the map images babedtite pixel

and given width and height values.

To return amap imageo the requestoit must be treated as binary mode otherwise some part of
image is garbled. We use Perl's builtfunction binmodeto indicate that we are outputting
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binary dataSystem command call insider| script is not working on Wdows when it is used
as CGl in Dmcat. Therefore Fedora 4 has been used for the web server and CGlI scripts.

One must be careful when integrating maps with different projection conven#aens.
discussed at the end of previous sectiNASAO sOnEarthmap serviceis based orPlate-
Carree projectionand Google Mapsire based omercator map projection. For relatively
small areas (a bounding box with sides of few hundred kilometers, such as isorégsinew
the western coast of the United StatEgyure 9), the difference g relatively smallarea
comparinga whole earthandthe gap of the map layefsetween these two projectiois
negligible However, transforming betwedhose two to support general GIS application
should be provided for the large area sxapmore precise mtilayer display in the future.

5. Streaming Services for GPS and Other Data

Recent technological developmefiigve allowed sensors to be deployed inasge variety of
application domains. Environmental monitoring, air pollution and water quality measurements,
detection of the seismic events and understanding thetéomgmotions of the Earth crust are

only a few areas wherthe extent of the deploymerdf sensor networks can easily be seen.
Extensive use of sensing devices and deployment of the networks of sensors that can
communicate with each other to achieve a larger sensing task will fundamentally change
information gathering and processifi]. Howeve, therapid proliferation of sensors presents
unique challenges different than the traditional computer network problems.

Several studies have discussed the technological aspects of the challenges with the sensor
devices,such as power consumption, wireless communication problems, autonomous operation,
andadaptability tathe environmental conditiorj8][37]. Here we describe service architecture to
support reatime information gathering and processing from GPS sensors by leveraging SOA
principles and open GIS standards.

Most scientific @plications that couple high performance computing, simulation or visualization
codes with databases or rtiahe data sources rage more tharmere remote procedure calls

that typical Web Services rely upohhese applications are sometimes composite systems where
some of the components require output frohecd and they are asynchroneiisnay take hours

or days to complete. Shqroperties require additional layers of control and capabilities from
Web Services which introduces the necessity for a messaging substrate that can provide these
extra features. In the next section we disdhssapplication oNaradaBrokeringa topicbased
publishsubscribe messaging system that can provide us several useful capdioifitiesnaging

and serving redime streaming data.

5.1. Streaming with NaradaBrokering

NaradaBrokering49][22] provides two related capabilities. First, it provides asage oriented
middleware which facilitates communications between entities (which includes clients,
resources, services and proxies) through the exchange of messages. Second, it provides a
notification framework by efficiently routing messages from the originators to only the registered
consumers of the message in question.

NaradaBrokering facilitates the idea of loosely coupled systems by supporting asynchronous
communication and it can be used tgport different interactions by encapsulating them in
specialized messages called events. Events can encapsulate information pertaining to
transactions, data interchange, method invocations, system conditions and finally the search,
discovery and subsequiesharing of resources
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Some of the important features of NaradaBrokering can be summarized as follows:

o Ensures reliable delivery of events in the case of broker or client failures and prolonged
entity disconnects.

e Provides compressing and decompressamgices to deal with events with large payloads.
Additionally there is also a fragmentation service which fragments largbaded payloads
into smaller ones. A coalescing service then merges these fragments into the large file at the
receiver side.

e Provides support for multiple transport protocols such as TCP (blocking anblocking),
UDP, SSL, HTTP, RTP, HHMS (optimized for PDA and qafione access) and GridFTP
with protocol chosen independently at each link

e Implements higkperformance protocolsriessage transit time of 1 to 2 ms per hop)
e Orderpreserving optimized message delivery
e Quality of Service (QoS) and security profiles for sent and received messages

e Interface with reliable storage for persistent events, reliable delivery viaR&li&ble
Messaging.

e Discovery Service to find nearest brokers /resources

In summary, NaradaBrokering supports maoynany messaging for distributed systems, where
messages may range from SOAP envelopes to binary packets. The connections between
publishers, brokers and subscribers are fAvirtualizedo i
protocols for delivery and between different qualities of service (guaranteed deliverngriyce

delivery, replayed delivery, secure delivery, and so forth). For a generalsiiiscag messaging
substrates for Grids and Web Services,[28H24].

In the following sections, we describe how NaradaBrokering stream management software may
be used to deliver redéiime data though successive filters to consuming applications. We are
developing this particularly with the goal to support-lioe versions of the RDAHMM
application [34], which may be potentially be used to detect aseismic events indaRS
streams.

5.2. Sensor Grid Components

We now examine the components for integrating geographical sensor sources with
NaradaBrokering. The architecture is summarize#&igure 10. In summary, the core of the

system is to impleemt filter chains thatonvert or otherwise process the incoming data streams.
These filters serve as both subscribers (data sinks) and publishers (data sources). Topics are used
to organize different data stream sources into hierarchies.

SensorGrid Agent. This service provides interfaces for clients to access/query available data
products. It may have both visual (maps) and textual (HTML forms) elements to help users
construct queries. The basic i dea badmwithd t hi s
the SensorGrid. A scientist may use this agent to request sensor observations for a particular
geographical region and time. For instance by selecting a rectangular region on an interactive
map and entering time boundaries we can constructeqgeri such as A Get GPS me
San Diego County for September 20050. I n adc
archived geospatial data Sen&yid Agent displays available reine sensors as well.
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Information Service: Web Services are akless; they do not keep session related information.
We need to use additional services to provide session sufpo”orGrid architecture consists

of multiple independent Web Services which do not keep any information about each other. The
Information Service is used to keep several futures of the services in the system to make easy
access to these services possible. For instan€gpath Geospatial Consortiuoonformant data
services provide capabilities documerftn XML) that describes the typesdaoonstraints fothe

data they can serve. Information services proadegistry through which the users can locate
available services in the system and discover their futkmganore on our information services
work, see Sectiofi and[2]. Thishas GIS specific extensions appropriate for our architecture.

Web Feature Service WFS provides a repository for GIS archival datad is described in
Section2. In additin to the streaming support described therare investigatingising binary
XML to provide highly efficient XML representations that should provide
significantperformance enhancements in current services.

Sensor Collection ServiceOpen Geospatial Coogium Sensor Web Enablement is intended to
be a revolutionary approach for exploiting Wannected sensors such as flood gauges, air
pollution monitors, satellitkhorne earth imaging devices etc. The goal of SWE is to creation of
Web-based sensor netwak That is to make all sensors and repositories of sensor data
discoverable, accessible and where applicable controllable via the \/63]j4/3].

Format
(C Nul Application
D Filter ; =
Server : |
' ~| RDAHMM

NaradaBrokering
Broker Network Dl-?;itc,i?:f

OCRTN: Orange County Real Time Network
RCRTN: Riverside County Real Time Network
ICRTN: Imperial County Real Time Network
SDCRTN: San Diego County Real Time Network
LACRTN: Los Angeles County Real Time Network

SensorGrid Information
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Figure 10 Major Componets of Senso6Grid architectureare shown: filters are used to convert data
formats obtained from the GPS RTD server and can be delivered to numerous clients, including data
analysis applications (RDAHMM), archival feature servers, and user interfaceat<Gtientrol
subscriptions through information services.

Sensor Collection Servidé8] is a service to fetch observations from a sensor or constellation of
sensors. Provides real time or archived observed values. Clientscaybtdin information that
describes the associated sensors and platforms. This is the intermediary between a client and a
sensor collection management environment. We will research using publish/subscribe based
systems for rediime data delivery usintie SensorCollection Service

5.2.1. Filter Chains

To process sensor streams in 4{tg@le we are researching use of publish/subscribe based
messaging system. We will test deploying -gpeocessing applications and format converters as
successive filters. We canvkrage NaradaBrokering topics for publishing for this purpose.

GIS applications consume data in different formats. To support various types-jfogessing
tools we need to provide data in different formats, for this reason we can deploy format
convertes successively on the NaradaBrokering topics.

5.2.2. Typical Query Scenario

The client makes a sensor observation request with some spatial and temporal constraints, i.e.
ARnGet GPS positions for San Diego County for S
guery IS may take two actions; if the query is for archived sensor data then it requests data from

the Observation Archives using WFS and returns it to the client. But if the client wants to access
reattime data then it returns a data handler which cosatéhe broker information and topic

name for the sensor. Also depending on the size of the archived data SCS may choose one of two
options for data transfer; if the result size is relatively small then it is returned via SOAP
message, otherwise NaradaBnokg is used. SCS also keeps information about the sensors
themselves. This information is encoded in Sensofl8]. After receiving the broker address

and the topic name, client may subscribe to the NaradaBrokering sereeeiterreatime data.

5.3.Real time streaming support for GPS Networks

The Global Positioning System has been used in geodesy to identifytdangtectonic
deformation and static displacements while Contisu@PShas proven very effective for
measurement dhe interseismic, coseismic and postseismic deformdtl@j. Today networks

of individual GPS Stations (monuments) are deployed along the active fault lines, and data from
these are continuously being collected by sevegdrizations. One of the first organizations to

use GPS in detection of the seismic events and for scientific simulations is Southern California
Integrated GPS Network (SCIGI§9]. One of the collaborators in SCIGN is Scripp®i©and
Permanent Array Center (SOPA@®1]which maintains several GPS networks and archives
high-precision GPS data, particularly for the study of earthquake hazards, tectonic plate motion,
crustal deformation, and meteorojodreal time sumetworks maintained by SOPAC include
Orange County, Riverside County (Metropolitan Water District), San Diego County, and
Parkfield. These networks provide rd¢imhe position data (less than 1 sec latency) and operate at
high rate (I' 2 Hz). Raw data from the GPS stations are continuously collected by a Common
Link proxy (RTD server) and archived in RINEX files.

The data collected from the GPS stations are served in 3 formats:

RAW: For archiving and record purposes, not interestingdiensific applications, not available
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in reattime.

RTCM: Published realime and no records are kept. This is useful for RTCM capable GPS
receivers as reference.

Positions Positions of the stations. Updated and presented every second. GPS Time Series can
be produced using these positions and they can be in different epochs such as hourly, daily etc.

The most interesting of these formatsowr application scienst collaboratos is the position
information which can be used in scientific calculationsmulation or visualization
applications. The RTD server however outputs the position messages in a binary format called
RYO. More importantly, RTD signals include all GPS stations (typicalli5}p in a particular
network.

To receive station positions, efits open a socket connection to the RTD server. An obvious
downside of this approach is the extensive load this might introduce to the servenuiltiple
clients are connected, so the mamymany publishing style discussed above also addresses this
problem.

After the RTD server receives raw data from the stations it applies some filters and for each
network generates a message. This message contains a collection of position information for
every individual station from which the position data has be#laated in that particular instant.

In addition to the position information there are other measurements in a message such as quality
of the measurement, variancetc.

5.3.1. Chain of Filters

We have developed severdilters to decode and present the ori¢iRYO datain different
formats. Once we receive the original binary data we immediately publish this to a
NaradaBrokering topic (null filter), another filter that converts the binary message to ASCII
subscribes to this topic and publishes the output gegsaanother topic. We have developed a
GML schema to describe the GPS position messages. Another filter application subscribes to
ASCIl message topic and publishes GML representation of the position messages to a different
topic. This approach allows us keep the original data intact and different formats of the
messages accessible by multiple clients in a streaming fashion.

We have developed &ML Schemato encode the data streams. This is based on
RichObservation typewhich is an extended version &ML 3 Observation modgl8]. This

model supports Observation Array and Observation Collection types which are useful in
describing SOPAC Position messages since they are collections of multiple individual station
positions. W follow strong naming conventions for naming the elements to make the Schema
more understandable to the cliems. example is given in the Appendix of this paper, and more
detail is available froni60].

Decoding RYO Messages

RYO Message Type (Figure11) starts with a Syte Header which is followed by a -byte

GPS Position message. Three types of optional blocks may follow the Position Message and a 2
byte checksum is located at the end of the aggss

24



RYO Position Message

Header - 5 Bytes

Sync Byte | Message
Marker | Count 1D

Position Message — 47 Bytes

GPS GPS Site Site XYZT |Position
Week fomaacond Index ID Position | Qualit Flags
Of Week Y
Optional Blocks
hecksum
XYZ Tropospheric Satellite C2e; SU
Variance Covariance Block Information yles
Block Block

Figure 11 RYOType 1Message Parts

A non-blocking Java Socket connection is opened to RTP server to collect RYO messages. We
use thread programming techniques for this purp@ée.have developedn RYO Decoder
application wich uses binary conversion tools to convert RYO messages into text messages.
Furthermore since we do not expect clients to know about the GPS time format we convert
GPSWeek and GPSmsOfWeek values to Gregorian calendar format (i.e-12005
07/04:19:44PMEST). Additionally since we anticipate some clients to expect position
information in terms of Latitude and Longitude, we calculate Latitude, Longitude and Height
values from XYZT Position.

5.3.2. GML Schema for Position Messages and Data Binding

We developed a KL conformant Schema to describe Position Messages. The Schema is based
on RichObservation type which is an extended version of GML3 Observation 8telThis

model supports Observation Array and Observation Collectionstymseful in describing
SOPAC Position messages since they are collections of multiple individual station positions. We
follow strong naming conventions for naming the elements to make the Schema more
understandable to the clients.

We used Apache XML Bearfsr data binding purposes and created an application that reads
ASCII position messages and generate GML instances using the code generated by XML Beans.
SOPAC GML Schema and sample instances are available here:
http://www.crisisgrid.org/schemasWe give a sample XML instance created according to the
above schemfrom GPS station measurements in Appendix 10.1.

5.3.3. Integrating NaradaBrokering

After we have position information in three different formats wedusradaBrokering to
provide reattime access to data. We wrdthkers to publish RYO, ASCIlI and GML formatted
position messages to different NaradaBrokering topics. Clients can subscribe to any of these
topics to receive position messages in that pdaticiormat. Figure 12 depicts use of
NaradaBrokering Topics in the system,dqorovides a zoomeah view of Figure10.
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Figure 12 SOPAC GPS Services
5.3.4. GPS Station Messages and Filters

As discussed above, station messages collected from GPS stations have segedimswh We

have developed several filters that simplify or convert the messages since not all the parts of a
position message are needed by most clients. We desadheasclient that displays retne

station positions on Google Maps in the next section. Here we give sample output messages from
different filters:

The first filter in our architecture is a null filter which forwards original RYO binary messages
from RTD server to a NaradaBrokering topic. The output of this filtarbghary message

The second filter is calleqyo2asciiwhich converts RYO messages to ASCIl and publishes to a
NB topic. An example of the decoded R¥faessagés shown in AppendiX 0.2 The ryo2ascii
filter converts the whole RYO message andsiwt filter out anything.

Most of the information included in a position message is unnecessanaifyrclients so we

can apply further filteringFor instance we haweveloped a user interface to display the current
positions of the stations on a map. For this particular application we only need station names and
their positions in terms of latitude and longitude. For this client interface we have developed
ryo2pos fiter which converts RYO messages to simple position messages. Following is a sample
output message fronyo2posfilter:

LEMA 2005-12-12 03:58:37PM -EST 36.29202028791537
-119.78237425030088 35.90217063464758

Here we only include Station name, datee andlatitude, longitude and height values in the
message. This small application is an example of how individual filters can be chained using
NaradaBrokering to achieve specific tasks. Another example application integrated using this
approach is RDAHMM whiclonly requires X, Y, Z or Lat, Lon Height values for a given
station. We can easily write a filter to strip unwanted parts from the message and output only the
position information.

5.3.5. Current System Configuration
Currently the system is being tested for dighPS networks with only one NaradaBrokering
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server installed onxsopac.ucsd.edu:3043However we are planning to deploy multiple
distributedbrokers for further performance testsble4shows the latestinformation about these
networks.

Table4 Supported GPS networks.

Network RTD Server | Stations

Name Address

LACRTN 132.239.154.69:5014 vtis, hbco, cvhs, lors, tabl, ucsb, azul, csdh, d
vdcy, uclp, citl, lapc

PARKFIELD | n/a hogs, pomm, mida, crbt,ach, land, mnmc, lows
rnch, cand, masw, tblp, hunt

OCRTN 132.239.154.69:501( oeoc, cat2, whyt, trak, sacy, mjpk, scms, sbcc, fy
blsa

SDCRTN 132.239.154.69:5013 P486, MONP, RAAP, M¥D, P472, SIO5,

dviw, pmob, p480, dsme, oghs

IMPERIAL 132.239.154.68012 | SLMS, CRRS, USGC, DHG, GLRS

DVLRTN 132.239.152.72:8001 dvle, dvne, dvsw, dvse, esrw, dvls, dvnw, ese2
CVSRN 132.239.154.69:5014 COMA, RBRU, LEMA
RCRTN 132.239.154.69:5011 PIN2, WIDC, KYVW, PRAP, COTD, PIN1,

mlfp, cnpp, bill, ewpp, azry

Table5shows the NaradaBrokeringpic names for several filters.
Table5 GPS station topics for RYO and ASCII formats.

Network Name | RYO Topic ASCII topic

(null filter Publishes to) (ryo2ascii filter Publishesto)
LACRTN /ISOPAC/GPS/LACRTN/RYO | /ISOPAC/GPS/LACRTN/ASCII
PARKFIELD ISOPAC/GPRARKFIELD/RYO | /ISOPAC/GPSARKFIELD/ASCII
OCRTN /ISOPAC/GPSDCRTNRYO /ISOPAC/GPSDCRTNASCII
SDCRTN /ISOPAC/GPSSDCRTNRYO ISOPAC/GPSSDCRTNASCII
IMPERIAL /ISOPAC/GPSMPERIAL/RYO | /SOPAC/GPSMPERIAL/ASCII
DVLRTN /ISOPAC/GPIDVLRTN/RYO /SOPAC/GPIDVLRTN/ASCII
CVSRN /ISOPAC/GPSLVSRNRYO ISOPAC/GPSZVSRNASCII
RCRTN /ISOPAC/GPRRCRTNRYO /ISOPAC/GPSRCRTNASCII

Similarly the ryo2pos filter subscribes to the appropriate RYQctapd publishes to for instance
ISOPAC/GPS/ACRTN/POS topic.
5.4. Displaying GPS Station Positions Using AJAX Methods

To demonstrate the technologies discussed earlier we have developed several JSP based client
interfaces leveraging AJAX techniques. The ustsrfaces we discuss here demonstrate use of a
topic based publiseubscribe messaging for managing and servingtireal data coupled with
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several reatime data filters.

AJAX or Asynchronous JavaScript and XML is a relatively vegb development techniqgdier

creating highly interactive web interfaces. AJAX is not a technology by itself rather a name for
using a collection of several wédhown technologies together. It employs XHTML or HTML,
JavaScript, DOM and XMLHttpRequest. XMLHttpRequest is originddyeloped by Microsoft

and available since Internet Explorer 5.0. This object is used to exchange data with the server
asynchronously.

Traditionally userdéds every action generates a
are JavaScript calls thie server side which allows only the related portion of the web pages to
refresh instead of whole page to be submitted to the server and refreshed. This technique allows
creation of powerful user interfaces and uninterrupted browsing experience feethe u

For this demo architecture we use an online XML documaniRSSlike feed) provided by
SOPAC to retrieve upo-date list of available GPS statiof&6]. This document contains several
properties of each station:

<statio n>
<network>
<name>LACRTN</name>
<ip>132.239.154.69</ip>
<port>5014</port>
</network>
<id>vtis</id>
<longitude> - 118.294</longitude>
<latitude>33.713</latitude>
<status>up</status>
</station>

This format is much more simplistic thahe GML encoding discussed earlier, but it may be
easily integrated with the JavaScript DOM parser used in AFgare13 shows all of the GPS
stations managed by SOPAThe GPS networks are colooded

Our user interfacesr8t retrieves the XML document from SOPAC and creates a form table for

the user to select a network. Once the user selects a network and clicks the Submit button a
server side Java Bean subscribes to the appropriate NaradaBrokering topic and startg receiv
position messages at the same time user is forwarded to the second JSP page which contains a
Google Map.Figure 14 depict the use of AJAX techniques to update station positions on the
map and display the actual reshe lattudelongitude values. GPS stations which did not
publish a position message in the previous epoch are represented with red markers while online
stations are green.
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Figure 13 SOPACGPS networks in Southern California

Figure 14 Status and positions of GPS stations data streams are displayed using Google mapping
techniques
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