IV. Streaming Services for GPS and Other Data

a. Purpose
Recent technological developments allowed sensors to be deployed in a large variety of application domains. Environmental monitoring, air pollution and water quality measurements, detection of the seismic events and understanding the long-term motions of the Earth crust are only a few areas where extent of the deployment of 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 processing. [Estrin99]. However rapid 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, adaptability to the environmental conditions etc [Akyildiz2002]. Here we describe service architecture to support real-time information gathering and processing from GPS sensors by leveraging SOA principles and open GIS standards. 

Most Scientific Applications that couple high performance computing, simulation or visualization codes with databases or real-time data sources require more than mere remote procedure calls pure Web Services has to offer. These applications are sometimes composite systems where some of the components require output from others and they are asynchronous, it may take hours or days to complete. Such properties 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 discuss NaradaBrokering a topic based publish-subscribe messaging system that can provide us several useful capabilities for managing and serving real-time streaming data.
b. Streaming with NaradaBrokering
Community Grids Lab has been developing NaradaBrokering [NaradaBrokering]; a distributed messaging infrastructure which goes beyond the remote procedure call methodology pure Web Services approach is based on. It provides two related capabilities. First, it provides a message oriented middleware (MoM) 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 to support 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 subsequent sharing of resources.[ NaradaBrokering]

Some of the important features of NaradaBrokering can be summarized as follows [NaradaBrokering]:

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

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

· Provides support for multiple transport protocols such as TCP (blocking and non-blocking), UDP, SSL, HTTP, RTP, HHMS (optimized for PDA and cell-phone access) and GridFTP with protocol chosen independently at each link 

· Implements high-performance protocols (message transit time of 1 to 2 ms per hop)

· Order-preserving optimized message delivery 

· Quality of Service (QoS) and security profiles for sent and received messages
· Interface with reliable storage for persistent events, reliable delivery via WS-Reliable Messaging.
· Discovery Service to find nearest brokers /resources
NaradaBrokering has been used extensively in several projects that require real-time streaming data access. Because of its relevancy to our topic we summarize GlobalMMCS here;

c. GlobalMMCS: Using NaradaBrokering to Manage Audio/Video Streams
We think that the nature of GPS data is similar to that of audio/video and a Service Oriented Architecture which employs NaradaBrokering should exhibit high performance for GPS Services.

Global Multimedia Collaboration System [GlobalMMCS] is designed to provide scalable videoconferencing services to a diverse set of users. The system uses NaradaBrokering as the media distribution medium. Topics provided by NaradaBrokering serve as the messaging channels among participants in a session to exchange data [Uyar2005].
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Figure 1 - Main Components of GlobalMMCS architecture [Uyar2005]

NaradaBrokering has proved to be very efficient in delivering audio and video streams to a group of participants in a meeting. 

The topic based publish-subscribe system works as follows: The source user or the data provider publishes copy of a stream to a topic and the broker network delivers this stream to all the subscriber of this topic by duplicating whenever necessary. To save network bandwidth NaradaBrokering avoids sending multiple copies of the same stream on the same link. Additionally it calculates the near-optimal routes from sources to destinations by organizing the brokers in hierarchical cluster architecture. 

This architecture provides a scalable and flexible framework to distribute media processing units. Additional futures of NaradaBrokering allow the system to be dynamic; the capacity of the system can be increased by easily adding new computing resources and new processing services can be integrated to support ever changing needs of end users.

Performance of the GlobalMMCS system is investigated extensively and the results show that the system exhibits high performance for audio/video meetings. 

d. SensorGrid


SensorGrid is a Service Oriented Architecture to support integration of archived and real-time geospatial data with scientific applications such as simulation, visualization or data mining software. 

Scientific applications that require processing of huge data sets are increasing in number with the evolution of computing resources, network bandwidth, and storage capabilities etc. At the same time some of the applications are being designed to run on real-time data to provide near-real time results; such applications are gaining ground in systems like Crisis Management or Early Warning Systems because they allow authorities to take action on time. Earthquake data assimilation tools are good examples of this group since they use data from Seismic or GPS sensors. However most of these tools currently consume data from repositories and they do not have access to real-time data due to several reasons.

SensorGrid architecture will couple data assimilation tools with real-time data using GIS standards and Web Services methodologies. The system will use NaradaBrokering as the messaging substrate and this will allow high performance data transfer between data sources and the client applications. SensorGrid will inherit features supported by NaradaBrokering which will give the system a dynamic nature. Standard GIS interfaces and encodings like GML will allow data products to be available to the larger GIS community. 

Figure 2 shows the major components of SensorGrid.

SensorGrid Components

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 idea behind this service is to simplify clients’ communication with 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 construct queries such as “Get GPS measurements for San Diego County for September 2005”. In addition to helping users construct queries for archived geospatial data SensorGrid Agent displays available real-time sensors as well. We are researching use of Google Maps to provide visual user interfaces.

Information Service

Web Services are stateless; they do not keep session related information. We need to use additional services to provide session support.

SensorGrid 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 instance all OGC conformant data services provide some sort of capabilities document that describes the types and constraints of the data they can serve. The IS can be thought of as a registry through which the users can locate available services in the system and discover their futures. 

We will use FTHPIS (Fault Tolerant High Performance Information Service) [FTHPIS] which has GIS specific extensions appropriate for our architecture.

Web Feature Service

WFS provides a repository for GIS archival data.  The specification provides the common framework for an HTTP GET/POST based implementation. We have implemented a Web Service version but because of several performance problems we have also built a streaming version. We will investigate using binary XML to provide highly efficient XML representations that should provide significant performance enhancements in current services. 

Sensor Collection Service

OGC Sensor Web Enablement is intended to be a revolutionary approach for exploiting Web-connected sensors such as flood gauges, air pollution monitors, satellite-borne earth imaging devices etc. The goal of SWE is to creation of Web-based sensor networks. That is to make all sensors and repositories of sensor data discoverable, accessible and where applicable controllable via the WWW [SWE].
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Figure 2 – Major Components of SensorGrid architecture

Sensor Collection Service [SCS] is a service to fetch observations from a sensor or constellation of sensors. Provides real time or archived observed values. Clients can also obtain 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 real-time data delivery using SCS.

Filter Chains

To process sensor streams in real-time we are researching use of publish/subscribe based messaging system. We will test deploying geoprocessing applications and format converters as successive filters.  We can leverage NaradaBrokering topics for publishing for this purpose.

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

Typical Query Scenario:

The client makes a sensor observation request with some spatial and temporal constraints, i.e. “Get GPS positions for San Diego County for September 2005”. Depending on the nature of the query 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 real-time data then it returns a data handler which contains the 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 NaradaBrokering is used. SCS also keeps information about the sensors themselves. This information is encoded in SensorML [SensorML]. After receiving the broker address and the topic name, client may subscribe to the NaradaBrokering server to receive real-time data.

e. SOPAC GPS Services
Real time streaming support for position messages

GPS Networks

Global Positioning System has been used in geodesy to identify long-term tectonic deformation and static displacements while Continuous GPS (CGPS) has proven very effective for measurement of the interseismic, coseismic and postseismic deformation. [Bock2004]. Today networks of individual GPS Stations (monuments) are deployed along the active fault lines, and data from these are continuously being collected by several organizations. One of the first organizations to use GPS in detection of the seismic events and for scientific simulations is Southern California Integrated GPS Network (SCIGN) [SCIGN]. One of the collaborators in SCIGN is Scripps Orbit and Permanent Array Center (SOPAC) [SOPAC] which maintains several GPS networks and archives high-precision GPS data, particularly for the study of earthquake hazards, tectonic plate motion, crustal deformation, and meteorology [SOPAC]. Real time sub-networks maintained by SOPAC include Orange County, Riverside County (Metropolitan Water District), San Diego County, and Parkfield. These networks provide real-time position data (less than 1 sec latency) and operate at high rate (1 – 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 interesting for scientific applications, not available in real-time.

· RTCM: Published real-time 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 formats to scientists is position information which can be used in scientific calculations, simulation or visualization applications. The RTD server however outputs the position messages in a binary format called RYO. This introduces another level of complexity on the client side because the messages have to be converted from binary RYO format.

To receive station positions, clients are expected to open a socket connection to the RTD server. An obvious downside of this approach is the extensive load this might introduce to the server when multiple clients are connected.

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 been collected in that particular instant. In addition to the position information there are other measurements in a message such as quality of the measurement, variances etc. 

For each GPS network, RTD server broadcasts one position message per second through a port in RYO format. 

To make the position information available to the clients in a real-time streaming fashion we used NaradaBrokering. Additionally we developed applications to serve position messages in ASCII and GML formats.

Chain of Filters

Since the data provided by RTD server is in a binary format we developed several filters to decode and present it in 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 message to another topic. We have developed a GML schema to describe the GPS position messages. Another filter application subscribes to ASCII message topic and publishes GML representation of the position messages to a different topic. This approach allows us to keep the original data intact and different formats of the messages accessible by multiple clients in a streaming fashion.

The GML Schema we wrote is based on RichObservation type which is an extended version of GML 3 Observation model [OM]. 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. We follow strong naming conventions for naming the elements to make the Schema more understandable to the clients. 

Decoding RYO Messages

RYO Message Type 1 starts with a 5-byte Header which is followed by a 47-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 message.
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Figure 3 – RYO Message Parts
A non-blocking Java Socket connection is opened to RTP server to collect RYO messages. We use thread programming techniques for this purpose.

We wrote an RYO Decoder application which 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. 2005-19-07/04:19:44PM-EST). 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.
GML Schema for Position Messages and Data Binding 

We developed a GML conformant Schema to describe Position Messages. The Schema is based on RichObservation type which is an extended version of GML3 Observation model. [OM] 

This model supports Observation Array and Observation Collection types useful 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 Beans for 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/schemas 

Following is the GML-OM Schema developed for GPS station messages:

<?xml version="1.0" encoding="UTF-8"?>
<!-- edited with XMLSpy v2005 rel. 3 U (http://www.altova.com) by Galip Aydin-->
<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema" xmlns:sopac="http://www.crisisgrid.org/sensorgrid" xmlns:om="http://www.opengis.net/om" xmlns:gml="http://www.opengis.net/gml" targetNamespace="http://www.crisisgrid.org/sensorgrid" elementFormDefault="qualified" attributeFormDefault="unqualified">

<xs:import namespace="http://www.opengis.net/gml" schemaLocation="includes.xsd"/>

<xs:import namespace="http://www.opengis.net/om" schemaLocation="richObservation.xsd"/>

<xs:element name="ObservationCollection" type="sopac:ObservationCollectionType"/>

<xs:complexType name="ObservationCollectionType">


<xs:complexContent>



<xs:extension base="om:ObservationCollectionType"/>


</xs:complexContent>

</xs:complexType>

<xs:element name="PositionMessage" type="sopac:PositionMessageType" substitutionGroup="gml:Observation"/>

<xs:complexType name="PositionMessageType">


<xs:complexContent>



<xs:extension base="om:RichObservationType"/>


</xs:complexContent>

</xs:complexType>

<xs:element name="Site" substitutionGroup="om:Station">


<xs:complexType>



<xs:complexContent>




<xs:extension base="om:TargetObjectType">





<xs:sequence>






<xs:element name="SiteCount" type="xs:string" minOccurs="0"/>






<xs:element name="SiteIndex" type="xs:string" minOccurs="0"/>





</xs:sequence>




</xs:extension>



</xs:complexContent>


</xs:complexType>

</xs:element>

<xs:element name="PositionQuality" substitutionGroup="om:quality"/>

<xs:complexType name="XYZTPositionType">


<xs:complexContent>



<xs:extension base="gml:CompositeValueType"/>


</xs:complexContent>

</xs:complexType>

<!--LatLonHi Position Type-->

<xs:element name="Position" substitutionGroup="gml:CompositeValue"/>

<xs:element name="Lat" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Lon" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Height" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<!--XYZT Position Type-->

<xs:element name="XYZTPosition" substitutionGroup="gml:CompositeValue"/>

<xs:element name="X" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Y" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Z" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="T" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<!--North/East/Up Position Type-->

<xs:element name="NEUPosition" substitutionGroup="gml:CompositeValue"/>

<xs:element name="North" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="East" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Up" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<!--Optional XYZ Variance/Covariance Block-->

<xs:complexType name="XYZVarianceType">


<xs:complexContent>



<xs:extension base="gml:CompositeValueType"/>


</xs:complexContent>

</xs:complexType>

<xs:element name="XYZVarianceBlock" substitutionGroup="gml:CompositeValue"/>

<xs:element name="Scale" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Xvar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Yvar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Zvar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="YXcovar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="YZcovar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="ZXcovar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<!--Optional Troposhperic Covariance Block-->

<xs:complexType name="TroposphericCovarianceType">


<xs:complexContent>



<xs:extension base="gml:CompositeValueType"/>


</xs:complexContent>

</xs:complexType>

<xs:element name="TroposphericCovarianceBlock" substitutionGroup="gml:CompositeValue"/>

<xs:element name="Tvar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="TXcovar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="TYcovar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="TZcovar" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<!--Satellite info -->

<xs:element name="SatelliteInfoBlock" substitutionGroup="gml:CompositeValue"/>

<xs:element name="SatelliteInfo" substitutionGroup="gml:CompositeValue"/>

<xs:element name="SatelliteCount" substitutionGroup="gml:valueComponent"/>

<xs:element name="GDOP" substitutionGroup="gml:valueComponent"/>

<xs:element name="PRN_Value" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="PRNFlags" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Elevation" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>

<xs:element name="Azimuth" type="gml:MeasureType" substitutionGroup="gml:_ScalarValue"/>
</xs:schema>
Here we give a sample XML instance created according to the above schema from GPS station measurements:
<?xml version="1.0" encoding="UTF-8"?>
<!-- edited with XMLSpy v2005 sp2 U (http://www.altova.com) by Galip.Aydin (C.G.L) -->
<sopac:PositionMessage xmlns:sopac="http://www.crisisgrid.org/sensorgrid" xmlns:gml="http://www.opengis.net/gml" xmlns:om="http://www.opengis.net/om" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xsi:schemaLocation="http://www.crisisgrid.org/sensorgrid://www.crisisgrid.org/schemas/om/sopacGPS.xsd">

<gml:timeStamp>


<gml:TimeInstant>



<gml:timePosition>2005-19-07/04:19:44PM-EST</gml:timePosition>


</gml:TimeInstant>

</gml:timeStamp>

<gml:resultOf>


<gml:CompositeValue>



<gml:valueComponents>




<sopac:XYZTPosition>





<gml:valueComponents>



<sopac:X uom="">-2483933.959009682</sopac:X>



<sopac:Y uom="">-4692210.903343215</sopac:Y>



<sopac:Z uom="">3522794.2822901704</sopac:Z>



<sopac:T uom="">2.3280574187794465</sopac:T>





</gml:valueComponents>




</sopac:XYZTPosition>




<sopac:XYZVarianceBlock>





<gml:valueComponents>




<sopac:Scale uom="">0.0653659</sopac:Scale>




<sopac:Xvar uom="">0.0471768</sopac:Xvar>




<sopac:Yvar uom="">0.1301267</sopac:Yvar>




<sopac:Zvar uom="">0.085100</sopac:Zvar>



  <sopac:YXcovar uom="">0.0736906</sopac:YXcovar>



  <sopac:YZcovar uom="">-0.098750</sopac:YZcovar>



  <sopac:ZXcovar uom="">-0.056698</sopac:ZXcovar>





</gml:valueComponents>




</sopac:XYZVarianceBlock>
<sopac:SatelliteInfoBlock>

<sopac:SatelliteCount>


<gml:Count>8</gml:Count>

</sopac:SatelliteCount>

<sopac:GDOP>


<gml:Quantity uom="">3.186955808173595</gml:Quantity>

</sopac:GDOP>

<gml:valueComponents>


<sopac:SatelliteInfo>



<gml:valueComponents>




<sopac:PRN_Value uom="">3</sopac:PRN_Value>




<sopac:PRNFlags uom="">7</sopac:PRNFlags>




<sopac:Elevation uom="">29</sopac:Elevation>




<sopac:Azimuth uom="">-50</sopac:Azimuth>



</gml:valueComponents>


</sopac:SatelliteInfo>


<sopac:SatelliteInfo>



<gml:valueComponents>




<sopac:PRN_Value uom="">6</sopac:PRN_Value>




<sopac:PRNFlags uom="">7</sopac:PRNFlags>




<sopac:Elevation uom="">17</sopac:Elevation>




<sopac:Azimuth uom="">161</sopac:Azimuth>



</gml:valueComponents>


</sopac:SatelliteInfo>


<sopac:SatelliteInfo>



<gml:valueComponents>



   <sopac:PRN_Value uom="">14</sopac:PRN_Value>




<sopac:PRNFlags uom="">7</sopac:PRNFlags>



    <sopac:Elevation uom="">26</sopac:Elevation>




<sopac:Azimuth uom="">-166</sopac:Azimuth>



</gml:valueComponents>


</sopac:SatelliteInfo>


<sopac:SatelliteInfo>



<gml:valueComponents>



    <sopac:PRN_Value uom="">15</sopac:PRN_Value>



    <sopac:PRNFlags uom="">7</sopac:PRNFlags>



    <sopac:Elevation uom="">59</sopac:Elevation>




<sopac:Azimuth uom="">-23</sopac:Azimuth>



</gml:valueComponents>


</sopac:SatelliteInfo>


<sopac:SatelliteInfo>



<gml:valueComponents>



   <sopac:PRN_Value uom="">16</sopac:PRN_Value>



   <sopac:PRNFlags uom="">7</sopac:PRNFlags>



   <sopac:Elevation uom="">12</sopac:Elevation>



   <sopac:Azimuth uom="">-108</sopac:Azimuth>



</gml:valueComponents>


</sopac:SatelliteInfo>


<sopac:SatelliteInfo>



<gml:valueComponents>



    <sopac:PRN_Value uom="">18</sopac:PRN_Value>




<sopac:PRNFlags uom="">7</sopac:PRNFlags>



    <sopac:Elevation uom="">69</sopac:Elevation>




<sopac:Azimuth uom="">1</sopac:Azimuth>



</gml:valueComponents>


</sopac:SatelliteInfo>


<sopac:SatelliteInfo>



<gml:valueComponents>



   <sopac:PRN_Value uom="">21</sopac:PRN_Value>




<sopac:PRNFlags uom="">7</sopac:PRNFlags>



   <sopac:Elevation uom="">57</sopac:Elevation>




<sopac:Azimuth uom="">73</sopac:Azimuth>



</gml:valueComponents>


</sopac:SatelliteInfo>


<sopac:SatelliteInfo>



<gml:valueComponents>



   <sopac:PRN_Value uom="">22</sopac:PRN_Value>




<sopac:PRNFlags uom="">7</sopac:PRNFlags>



   <sopac:Elevation uom="">61</sopac:Elevation>




<sopac:Azimuth uom="">-81</sopac:Azimuth>



</gml:valueComponents>


</sopac:SatelliteInfo>

</gml:valueComponents>
</sopac:SatelliteInfoBlock>



</gml:valueComponents>


</gml:CompositeValue>

</gml:resultOf>

<sopac:PositionQuality method="">


<om:Description>00010010</om:Description>

</sopac:PositionQuality>

<om:relatedFeature>


<sopac:Site>



<gml:name>SACY</gml:name>



<sopac:SiteCount>15</sopac:SiteCount>



<sopac:SiteIndex>2</sopac:SiteIndex>


</sopac:Site>

</om:relatedFeature>
</sopac:PositionMessage>
Integrating NaradaBrokering
After we have position information in three different formats we used NaradaBrokering to provide real-time access to data. We wrote filters to publish RYO, ASCII and GML formatted position messages to different NaradaBrokering topics. Clients can subscribe to any of these topics to receive position messages in that particular format.

Following figure depicts use of NaradaBrokering Topics in the system.
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Figure 4 - SOPAC GPS Services

GPS Station Messages and Filters
As discussed above, station messages collected from GPS stations have several sub-sections. 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 describe such a client that displays real-time 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 filter is unreadable binary messages.

The second filter is called ryo2ascii which converts RYO messages to ASCII and publishes to a NB topic. Following is a sample message generated by this filter:
2005-12-12
03:23:16PM-EST
LEMA
2
3
-2556508.624797094

-4467101.665687391
3754378.932770622
2.2950492465819603
36.29202035061081
-119.78237412236496
35.929088668037025 
L1/L2 Phase XYZ Satellite  0.06901739184684381 0.0377138796649775 0.10830764487854985 0.08631783233709235 0.06057192662251049 
-0.09281413763791896 -0.05338606394765551  1 2 7 42 179 2 4 7 61 117 3 5 7 23 -54 4 7 7 50 45 5 9 7 55 -75 6 24 7 35 54 7 26 7 5 -142 8 28 7 17 104

The message contains following parts:

Message time 

	Date
	Time

	2005-12-12
	03:23:16PM-EST


Station Metadata

	Station Name
	Station Number
	Station Count

	LEMA
	2
	3


XYZT Position 

	X
	Y
	Z
	T

	2556508.624797094
	4467101.665687391
	3754378.932770622
	2.295049246581960


Latitude-Longitude-Height Position 
	Latitude
	Longitude
	Height

	36.29202035061081
	119.78237412236496
	35.929088668037025


Position quality : L1/L2 

Flags: Phase 

Optional blocks present in this message: XYZ variance block + Satellite info block
XYZ variance block

	Scale
	Xvar
	Yvar

	0.06901739184684381
	0.0377138796649775
	0.10830764487854985

	Zvar
	YXvar
	YZvar

	0.08631783233709235
	0.06057192662251049
	-0.09281413763791896

	ZXvar

	-0.05338606394765551  


Satellite Info Block

	Satellite No
	1 
	2
	3 
	4 
	5 
	6 
	7 
	8 

	PRN
	2 
	 4 
	5 
	7 
	9 
	24 
	26 
	28 

	PRN Flags
	7 
	7 
	7 
	7 
	7 
	7 
	7 
	7 

	Elevation
	42 
	61 
	23 
	50 
	55 
	35 
	5 
	17 

	Azimuth
	179
	117 
	-54 
	45 
	-75 
	54 
	-142 
	104


Ryo2ascii filter converts the whole RYO message and do not filter out anything. However most of the information included in a position message is unnecessary for most clients. For instance we have developed 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 filter which converts RYO messages to simple position messages. Following is a sample output message from ryo2pos filter:
LEMA
2005-12-12
03:58:37PM-EST
36.29202028791537

-119.78237425030088
35.90217063464758
Here we only include Station name, date-time and latitude, 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 which only 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.
Current System Configuration

Currently the system is being tested for 8 GPS networks with only one NaradaBrokering server installed on xsopac.ucsd.edu:3045. However we are planning to deploy multiple brokers on Scripps and IU servers for further performance tests.

Following table shows the latest information about these networks:
	Network Name
	RTD Server Address
	Stations

	LACRTN
	132.239.154.69:5014
	vtis,  hbco,  cvhs,  lors,  tabl, ucsb, azu1, csdh, dyhs, vdcy, uclp, cit1, lapc

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

	OCRTN
	132.239.154.69:5010
	oeoc, cat2, whyt, trak, sacy, mjpk, scms, sbcc, fvpk, blsa

	SDCRTN
	132.239.154.69:5013
	p486, monp, raap, mvfd, p472, sio5, 

dvlw, pmob, p480, dsme, oghs

	IMPERIAL
	132.239.154.69:5012
	slms, crrs, usgc, dhlg, glrs



	DVLRTN
	132.239.152.72:8001
	dvle, dvne, dvsw, dvse, esrw, dvls,  dvnw, ese2

	CVSRN
	132.239.154.69:5015
	coma, rbru, lema



	RCRTN
	132.239.154.69:5011
	pin2, widc, kyvw, psap, cotd, pin1, 

mlfp, cnpp, bill, ewpp, azry


Following table shows the NaradaBrokering topic names for several filters:
	Network Name
	RYO Topic

(null filter Publishes to)
	ASCII topic

(ryo2ascii filter Publishes to)

	LACRTN
	/SOPAC/GPS/LACRTN/RYO
	/SOPAC/GPS/LACRTN/ASCII

	PARKFIELD
	/SOPAC/GPS/PARKFIELD/RYO
	/SOPAC/GPS/PARKFIELD/ASCII

	OCRTN
	/SOPAC/GPS/OCRTN/RYO
	/SOPAC/GPS/OCRTN/ASCII

	SDCRTN
	/SOPAC/GPS/SDCRTN/RYO
	/SOPAC/GPS/SDCRTN/ASCII

	IMPERIAL
	/SOPAC/GPS/IMPERIAL/RYO
	/SOPAC/GPS/IMPERIAL/ASCII

	DVLRTN
	/SOPAC/GPS/DVLRTN/RYO
	/SOPAC/GPS/DVLRTN/ASCII

	CVSRN
	/SOPAC/GPS/CVSRN/RYO
	/SOPAC/GPS/CVSRN/ASCII

	RCRTN
	/SOPAC/GPS/RCRTN/RYO
	/SOPAC/GPS/RCRTN/ASCII


Similarly the ryo2pos filter subscribes to the appropriate RYO topic and publishes to for instance /SOPAC/GPS/LACRTN/POS topic.
f. Real-Time display of the GPS station positions on Google Maps using AJAX methods
To demonstrate the technologies discussed earlier we have developed several JSP based client interfaces leveraging AJAX techniques. The user interfaces we discuss here demonstrate use of a topic based publish-subscribe messaging for managing and serving real-time data coupled with several real-time data filters.
AJAX or Asynchronous JavaScript and XML is a relatively new web development technique for creating highly interactive web interfaces. AJAX is not a technology by itself rather a name for using a collection of several well-known technologies together. It employs XHTML or HTML, JavaScript, DOM and XMLHttpRequest. XMLHttpRequest is originally developed by Microsoft and available since Internet Explorer 5.0. This object is used to exchange data with the server asynchronously. 
Traditionally user’s every action generates an HTTP request; in the case of AJAX these requests are JavaScript calls to the 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 for the users.

Creating AJAX compatible pages is relatively simple. Here we summarize common JavaScript techniques:

· Creating an XMLHttpRequest Object

· For any browser, except IE

· var requester = new XMLHttpRequest();

· In IE

· var requester = new ActiveXObject("Microsoft.XMLHTTP");

· Transporting Data using an XMLHttpRequest Object 

· To retrieve data from the server we use two methods: 
open() to initialize the connection, 
send() to activate the connection and make the request. 
requester.open("GET", "getFaultNames.jsp?State=CA"); 
requester.send(null);

·  To find out if the data retrieval is done we check the status of the readyState variable. Object’s status may be any of the following:

0 – Uninitialised 

1 – Loading 

2 – Loaded 

3 – Interactive 

4 – Completed 

· requester.onreadystatechange monitors the readyState variables status.
if (requester.readyState == 4){ 

   if (requester.status == 200){ 
   success(); 
 } 


else{ 
   failure(); 

    }

 } 

· After a successful request XMLHttpRequest object may hold data in one of the two properties: responseXML or responseText.

· responseXML stores a DOM-structured XML data. 

<Fault> 

               <Name>San Andreas</Name> 

</Fault> 

· We use JavaScript XML parsing methods such as getElementsByTagName(), childNodes[], parentNode… 

var faultNameNode = requester.responseXML.getElementsByTagName(“Name")[0]; 
var faultName = faultNameNode.childNodes[0].nodeValue;

· We can then use Google Map JavaScript functions to create the browser display.

· responseText stores the data as one complete string  in case  the content type of the data supplied by the server was text/plain or text/html.

Most of the AJAX compatible interfaces that invoke JAVA classes on the server side use Java Servlets. However since our user interfaces are based on JSP we have developed a novel method for making AJAX calls from Java Server Pages.
In the 1st JSP page we have a JavaScript method that creates an XMLHTTPRequest and sends it to a second JSP page:

 function checkForMessage() {

   var url = "relay.jsp";

   initRequest(url);

   req.onreadystatechange = processReqChange;

   req.open("GET", url, true);

   req.send(null);

  }

The initRequest method creates the actual request object:
function initRequest(url) {

  if (window.XMLHttpRequest) {

    req = new XMLHttpRequest();

  } else if (window.ActiveXObject) {

    isIE = true;

    req = new ActiveXObject("Microsoft.XMLHTTP");

  }

}
In the 2nd JSP page (relay.jsp) we only invoke the server side Java class with the JSP response parameter.

<%

  Bean.getNames(response);

%>

On the server side when the request arrives, the Java class checks for new messages from the NaradaBrokering server and saves these position messages in XML format in the response object as follows:

<message>

<pos>


<name>DSME</name>


<lat>33.03647257927002</lat>


<lon>-117.24952051832685</lon>

</pos>

<pos>


<name>OGHS</name>


<lat>33.13060260841207</lat>


<lon>-117.04175378543312</lon>

</pos>

<pos>


<name>PMOB</name>


<lat>33.357234902933584</lat>


<lon>-116.85953161093065</lon>

</pos>


<pos>


<name>MVFD</name>


<lat>33.21086802863064</lat>


<lon>-116.52529897245469</lon>

</pos>

<pos>


<name>P486</name>


<lat>33.260186243838994</lat>


<lon>-116.3222711652632</lon>

</pos>

<pos>


<name>P482</name>


<lat>33.24017400862219</lat>


<lon>-116.67139746579954</lon>

</pos>
</message> 
Once the response object is returned processReqChange method parses the response and extracts the elements from the XML document.
Following picture depicts the integration of Real-Time GPS messages, NaradaBrokering and AJAX based user interfaces.
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Figure 5 - Architectural diagram for Real-Time GPS messages + AJAX integration.
For this demo architecture we use an online XML document (RSS feed) provided by SOPAC to retrieve up-to-date list of available GPS stations. This document contains several properties of each station: 
<station>
 <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>
Following picture shows all of the GPS stations managed by SOPAC. Each GPS network has a distinct color. 
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Figure 6 - Continuous GPS networks in Southern California.

Our user interfaces first retrieves the XML document from SOPAC and creates a form table for the user to select a network:
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Figure 7 – Network selection page for AJAX and Google Maps Demo

Once the user selects a network and clicks the Submit button a server side Java Bean subscribes to the appropriate NaradaBrokering topic and starts receiving position messages at the same time user is forwarded to the second JSP page which contains a Google Map.
Following pictures depict the use of AJAX techniques to update station positions on the map and display the actual real-time latitude-longitude 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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g. System Status 

SensorGrid architecture is being developed in collaboration with SOPAC. We have a dedicated server at Scripps for deployment and testing. Some of our filters are being used by our collaborators at Scripps to check the availability of the GPS sites in real-time. As a result of this collaboration Michael Scharber has created the online XML feed for GPS site metadata. Ruey-Juin Chang has modified the ryo2ascii filter to update this XML file every 10 seconds. 
Currently the basic SensorGrid framework is in place and under test. However we still need to create a Sensor Collection Service and integrate the Information Service. 
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