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GPS Raw Data Processing Results

The map below shows GPS navigation solutions obtained using a pseudo-range solver and various ephemeris sources.

ey g | - 0% £ 3 =N

(OReference Trajectory
@®Original Broadcast Ephemeris
(ONGA Precise Ephemeris
(OPRED Ephemeris

Each type of ephemeris data is obtained from a different SOS offering.
All data transits in the SWE Common format.

Figure 9. Full-track results for Use Case 1: Original Broadcast Ephemeris.

Figure 10. Close-up results for Use Case 1: Original Broadcast Ephemeris.
(track show in red)
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GPS Raw Data Processing Results

The map below shows GPS navigation solutions obtained using a pseudo-range solver and various ephemeris sources.
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Each type of ephemeris data is obtained from a different SOS offering.
All data transits in the SWE Common format.

Figure 11. Close-up results for Use Case 2: NGA Precise Ephemeris
for post-processing. (track shown in green)

GPS Raw Data Processing Results

The map below shows GPS navigation solutions obtained using a pseudo-range solver and various ephemeris sources.
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Each type of ephemeris data is obtained from a different SOS offering.
All data transits in the SWE Common format.

Figure 12. Close-up results for Use Case 3: NGA Predictive Ephemeris
for real-time processing (track shown in blue).
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10 Conclusions and Vision

The current GPS system and the processing centers built to improve its accuracy depend
on a diverse collection of disparate data models and formats. Each of these different
models and formats requires its own set of software components in a variety of computer
languages to support the possible application of the data within various tools. Often, the
existing tools and data processing centers will only support a limited number of data
models and formats. This significantly inhibits interoperability between these systems
and is a deterrent to the development of new tools to support the use of corrected GPS
data in a broader community of potential users.

In addition, current data models within the GPS system vary significantly between data
centers and formats. For example, the models for satellite ephemeris from different data
centers can vary significantly in how the ephemeris is provided, the amount of error
reporting, and even the coordinate reference frame used.

This project has demonstrated that a common data framework could be utilized for ALL
data files and streams within the GPS system, and that such a common framework would
significantly improve interoperability between data centers, processing centers, and user
tools. Common models for equivalent message or data records would also be important
for interoperability between the various data and processing centers and the tools. Having
common models and a common data framework allows for rapid reconfiguration of
workflows using different GPS processing products. Likewise, the availability of a
common web service interface also enables one to rapidly and flexibly request specific
data products and feed them into an executable workflow.

The Sensor Web Enablement (SWE) suite of standards provides a significant framework
for supporting access to, parsing of, and processing of GPS data products and streams
along the entire path of the data, from transmission from satellites, to processing of
corrected products, to delivery to geopositioning devices. The SWE Common Data
standard enables a common data framework for supporting all data needs within the GPS
system. The Sensor Observation Service (SOS) provides a common web interface for
accessing and filtering various data products, while the Sensor Model Language
(SensorML) enables the description of processes and workflow for on-demand execution.

Thus, the conclusions can be summarized by the following bullets:

e The SWE Common Data standard provides a common and efficient data
framework for all data products and data streams used within the GPS system

e SWE Common Data provides a framework for data that is fully self-described and
machine readable

e Common models for all data would support “mix-and-match” capabilities within
the processing workflows
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*  SWE web services enable on-demand access to various GPS data products using a
common framework

e SWE Common Data enables the use of SensorML for readily defining and
executing various workflows on-demand

11 Recommended Future Directions

This project was an initial exploration of the potential application of SWE Common Data
and other SWE standards to the processing and delivery of more accurate GPS
geopositioning. It is recommended that further research and development be considered
to move closer to a highly interoperable GPS system that meets the needs of a broader
community of GPS users. Thus the following are recommended:

* Design consistent data models for all message types in navigation, observation,
and state data streams

e Incorporate SWE Common Data readers/writers in GPSTk
e Create SensorML descriptions for GPSTk apps

e Demonstrate on-demand design and execution of SensorML-defined workflows
for GPS correction

e Demonstrate on-demand geolocation of UAV, ground vehicle and hand-held
sensors using SWE services and encodings
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Annex A

SWE Common descriptions of the EPOCHA QOutput Message Stream

Although example SWE Common Data descriptions can be obtained from the SOS
request links provided in Section 8, example descriptions are also provided here for an
EPOCHA Output stream.

The EPOCHA output message stream is encoded as an ASCII stream with six message
types, including Satellite Outage File (sof), Near-Real Time Satellite Outage File (nsof),
Performance Assessment File (paf), Near-Real Time Performance Assessment File
(npaf), Navigation Message Replacement (nmr), and Predicted Ephemeris/State Vector
Data File (pred).

NOTE: This SWE Common description is based on the data record models used in the
current EPOCHA output. The models could probably be better defined for use with SWE

Common, particularly with regard to the timestamps, flags, and reserved bits.

A multiplexed data stream can be defined as in A.1. below. The various messages are
encapsulated in a swe:DataChoice element and the data records for each defined
separately. As specified in the SWE Common Data standard, the first value for each
message in the stream must be the item name, followed by the record values.

A.l The ASCII-encoded EPOCHA data stream

<?xml version="1.0" encoding="UTF-8"?>
<swe:DataStream id="epocha_stream"
xmins:swe="http://www.opengis.net/swe/2.0"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmins:xlink="http://www.w3.0rg/1999/xlink"
xsi:schemalocation="http://www.opengis.net/swe/2.0 http://schemas.opengis.net/sweCommon/2.0/swe.xsd">
<l-- EPOCHA DataStream definition with external reference to DataRecords -->
<swe:identifier>urn:nswcdd:epocha:epocha_stream</swe:identifier>
<swe:label>EPOCHA Data Stream</swe:label>
<swe:description>
The definition for the complete data stream used by the MSNCC-EPOCHA system for improving GPS accuracy
</swe:description>
<swe:elementType name="epocha">
<swe:DataChoice>

<l-- paf -->
<swe:item name="PAF" xlink:href="http://msncc.org/gps/msg/paf_msg.xml"/>

<I-- npaf -->
<swe:item name="NPAF" xlink:href="http://msncc.org/gps/msg/npaf_msg.xml"/>

<l-- sof -->
<swe:item name="SOF" xlink:href="http://msncc.org/gps/msg/sof_msg.xml"/>

<I-- nsof -->
<swe:item name="NSOF" xlink:href="http://msncc.org/gps/msg/nsof_msg.xml"/>

<l-- pred -->
<swe:item name="PRED" xlink:href="http://msncc.org/gps/msg/pred_msg.xml"/>
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<l-- nmr -->

<swe:item name="NMR" xlink:href="http://msncc.org/gps/msg/nmr_msg.xml"/>

</swe:DataChoice>
</swe:elementType>

<l-- ASCII Encoding -->
<swe:encoding>

<swe:TextEncoding tokenSeparator="," blockSeparator=""/>

</swe:encoding>

<l-- values returned by linking to referenced URL -->

<swe:values xlink:href="http://myser.org/epocha/epochaStream"/>

</swe:DataStream>

A2 The common DateTime Record

The DateTime record is common to all messages and is thus defined external to these
messages and referenced by the message within the data structure definition. This could
be greatly collapsed by just using the ISO 8601 timestamp standard designation: 2013-

01-13T21:10:01.24Z

<?xml version="1.0" encoding="UTF-8"?>

<swe:DataRecord
xmins:swe="http://www.opengis.net/swe/2.0"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmins:xlink="http://www.w3.0rg/1999/xlink"

xsi:schemal.ocation="http://www.opengis.net/swe/2.0 http://schemas.opengis.net/sweCommon/2.0/swe.xsd"

definition="http://epocha.org/gps/dict/datetime_record">

<swe:label>Date and Time</swe:label>
<swe:field name="year">
<swe:Count definition="http://eopcha.org/gps/dict/year">
<swe:label>Year</swe:label>
<swe:constraint>
<swe:AllowedValues>
<swe:interval>1980 2400</swe:interval>
</swe:AllowedValues>
</swe:constraint>
</swe:Count>
</swe:field>
<swe:field name="doy">

<swe:Count definition="http://eopcha.org/gps/dict/dayOfYear">

<swe:label>Day of Year</swe:label>
<swe:constraint>
<swe:AllowedValues>
<swe:interval>1 366</swe:interval>
</swe:AllowedValues>
</swe:constraint>
</swe:Count>
</swe:field>
<swe:field name="hr">
<swe:Count definition="http://eopcha.org/gps/dict/hour">
<swe:label>Hour</swe:label>
<swe:constraint>
<swe:AllowedValues>
<swe:interval>0 23</swe:interval>
</swe:AllowedValues>
</swe:constraint>
</swe:Count>
</swe:field>
<swe:field name="min">

<swe:Count definition="http://eopcha.org/gps/dict/minute">

<swe:label>Minute</swe:label>
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<swe:constraint>
<swe:AllowedValues>
<swe:interval>0 59</swe:interval>
</swe:AllowedValues>
</swe:constraint>
</swe:Count>
</swe:field>
<swe:field name="sec">
<swe:Count definition="http://eopcha.org/gps/dict/second">
<swe:label>Second</swe:label>
<swe:constraint>
<swe:AllowedValues>
<swe:interval>0 59</swe:interval>
</swe:AllowedValues>
</swe:constraint>
</swe:Count>
</swe:field>
</swe:DataRecord>

A.3  The Satellite Outage File (sof)

<?xml version="1.0" encoding="UTF-8"?>

<swe:DataRecord id="SOF"
xmins:swe="http://www.opengis.net/swe/2.0"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmins:xlink="http://www.w3.0rg/1999/xlink"
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xsi:schemal.ocation="http://www.opengis.net/swe/2.0 http://schemas.opengis.net/sweCommon/2.0/swe.xsd"

definition="http://epocha.org/gps/dict/sof">
<!l-- data structure for the weather observation message -->
<swe:identifier>urn:epocha:org:sof_msg</swe:identifier>
<swe:label>Satellite Outage File (SOF)</swe:label>

<swe:description>EPOCHA message structure for the Satellite Outage File (SOF) used for correcting GPS

navigation</swe:description>

<!I-- header field descriptions -->
<swe:field name="sysid">

<swe:Category definition="http://epocha.org/gps/dict/sysid" updatable="false">

<swe:value>GPS</swe:value>
</swe:Category>
</swe:field>
<swe:field name="version">

<swe:Count definition="http://epocha.org/gps/dict/recordVersion"/>

</swe:field>

<l-- INITIAL DATETIME FIELDS -->

<I-- These fields utilize a predefined DataRecord for DateTime specification as do many fields in GPSIS -->
<!I-- This DataRecord has een defined externally and is referenced here using the xlink:href attribute -->

<swe:field name="creationDate" xlink:href="http://epocha.org/gps/messages/DateTime.xml"
xlink:role="http://epocha.org/gps/dict/dateOfRecordCreation"/>

<swe:field name="referenceDate" xlink:href="http://epocha.org/gps/messages/DateTime.xml"

xlink:role="http://epocha.org/gps/dict/dateOfEvent"/>

<l-- PREDICTED RECORD -->

<swe:field name="predicted" xlink:role="http://epocha.org/gps/dict/predictedOutage">

<swe:DataRecord id="SOF_RECORD">
<swe:field name="svid">

<swe:Count definition="http://epocha.org/gps/dict/satellite|D"/>

</swe:field>
<swe:field name="svn">

<swe:Count definition="http://epocha.org/gps/dict/satelliteVehicleNumber"/>

</swe:field>
<swe:field name="name">

<swe:Category definition="http://epocha.org/gps/dict/outageSource"/>

</swe:field>
<swe:field name="type">
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<swe:Category definition="http://epocha.org/gps/dict/outageSource"/>
</swe:field>
<swe:field name="reference">

<swe:Count definition="http://epocha.org/gps/dict/referenceNumber"/>
</swe:field>

<swe:field name="startDate" xlink:href="http://epocha.org/gps/messages/DateTime.xml"
xlink:role="http://epocha.org/gps/dict/startOfEvent"/>
<swe:field name="endDate" xlink:href="http://epocha.org/gps/messages/DateTime.xml"
xlink:role="http://epocha.org/gps/dict/endOfEvent"/>
</swe:DataRecord>
</swe:field>

<l-- CURRENT RECORD -->
<swe:field name="predicted" xlink:role="http://epocha.org/gps/dict/currentOutage">
<swe:DataRecord>
<swe:field name="svid">
<swe:Count definition="http://epocha.org/gps/dict/satellite|D"/>
</swe:field>
<swe:field name="svn">
<swe:Count definition="http://epocha.org/gps/dict/satelliteVehicleNumber"/>
</swe:field>
<swe:field name="name">
<swe:Category definition="http://epocha.org/gps/dict/outageSource"/>
</swe:field>
<swe:field name="type">
<swe:Category definition="http://epocha.org/gps/dict/outageSource"/>
</swe:field>
<swe:field name="reference">
<swe:Count definition="http://epocha.org/gps/dict/referenceNumber"/>
</swe:field>

<swe:field name="startDate" xlink:href="http://epocha.org/gps/messages/DateTime.xml"
xlink:role="http://epocha.org/gps/dict/startOfEvent"/>
</swe:DataRecord>
</swe:field>

<l-- HISTORICAL RECORD -->
<swe:field name="predicted" xlink:href="#SOF_RECORD"
xlink:role="http://epocha.org/gps/dict/historicalOutage"/>

</swe:DataRecord>

A.4  The Near-real Time Satellite Outage File (nsof)

<?xml version="1.0" encoding="UTF-8"?>
<swe:DataRecord id="NSOF"
xmins:swe="http://www.opengis.net/swe/2.0"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmins:xlink="http://www.w3.0rg/1999/xlink"
xsi:schemal.ocation="http://www.opengis.net/swe/2.0 http://schemas.opengis.net/sweCommon/2.0/swe.xsd"
definition="http://epocha.org/gps/dict/nsof">

<I-- data structure for the paf messages -->

<swe:identifier>urn:epocha:org:nsof_msg</swe:identifier>

<swe:label>Near Real-Time Satellite Outage File (NSOF)</swe:label>

<swe:description>EPOCHA message structure for the Near Real-Time Satellite Outage File (NSOF) used for GPS
navigation</swe:description>

<!I-- initial identification field descriptions -->
<swe:field name="sysid">
<swe:Category definition="http://epocha.org/gps/dict/sysid" updatable="false">
<swe:label>System ID</swe:label>
<swe:value>GPS</swe:value>
</swe:Category>
</swe:field>
<swe:field name="version">
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<swe:Count definition="http://epocha.org/gps/dict/recordVersion">
<swe:label>Record Version</swe:label>
</swe:Count>
</swe:field>

<l-- INITIAL DATETIME FIELDS -->

<I-- These fields utilize a predefined DataRecord for DateTime specification as do many fields in GPSIS -->

<!I-- This DataRecord has een defined externally and is referenced here using the xlink:href attribute -->

<swe:field name="creationDate" xlink:href="http://epocha.org/gps/messages/DateTime.xml"
xlink:role="http://epocha.org/gps/dict/dateOfRecordCreation"/>

<swe:field name="referenceDate" xlink:href="http://epocha.org/gps/messages/DateTime.xml"
xlink:role="http://epocha.org/gps/dict/dateOfEvent"/>

<l-- ACTUAL NSOF INFORMATION -->
<swe:field name="nsof_record">
<swe:DataArray definition="http://epocha.org/gps/dict/nsofRecord">
<swe:description>Satellite Array Health</swe:description>
<swe:elementCount>
<swe:Count>
<swe:value>32</swe:value>
</swe:Count>
</swe:elementCount>
<swe:elementType name="satHealth">
<swe:DataRecord>
<swe:field name="svid">
<swe:Count definition="http://epocha.org/gps/dict/satellite|D">
<swe:label>Satellite ID</swe:label>
</swe:Count>
</swe:field>
<swe:field name="svn">
<swe:Count definition="http://epocha.org/gps/dict/satelliteVN">
<swe:label>Satellite Vehicle Number</swe:label>
</swe:Count>
</swe:field>
<swe:field name="health">
<swe:Category definition="http://epocha.org/gps/dict/satelliteHealth">
<swe:label>Satellite Health</swe:label>
<swe:constraint>
<swe:AllowedTokens>
<swe:value>HEALTHY UNHEALTHY UNASSIGNED</swe:value>
</swe:AllowedTokens>
</swe:constraint>
</swe:Category>
</swe:field>
</swe:DataRecord>
</swe:elementType>
</swe:DataArray>
</swe:field>

</swe:DataRecord>

A.5 The Predicted Ephemeris/State Vector Data File (pred)

<?xml version="1.0" encoding="UTF-8"?>

<swe:DataRecord id="PRED"

xmins:swe="http://www.opengis.net/swe/2.0"

xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"

xmins:xlink="http://www.w3.0rg/1999/xlink"

xsi:schemal.ocation="http://www.opengis.net/swe/2.0 http://schemas.opengis.net/sweCommon/2.0/swe.xsd"
definition="http://epocha.org/gps/dict/pred">

<!l-- data structure for the paf messages -->
<swe:identifier>urn:epocha:org:pred_msg</swe:identifier>

<swe:label>Predicted Ephemeris/State Vector Data Record (PRED)</swe:label>
<swe:description>

EPOCHA message structure for the Predicted Ephemeris/State Vector Data File (PRED) used for correcting
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GPS navigation
</swe:description>

<!I-- initial identification field descriptions -->
<swe:field name="sysid">
<swe:Category definition="http://epocha.org/gps/dict/sysid" updatable="false">
<swe:label>System ID</swe:label>
<swe:value>GPS</swe:value>
</swe:Category>
</swe:field>
<swe:field name="source">
<swe:Category definition="http://epocha.org/gps/dict/outageSource" updatable="false">
<swe:label>PRED Source</swe:label>
<swe:value>GOCGIS</swe:value>
</swe:Category>
</swe:field>
<swe:field name="version">
<swe:Count definition="http://epocha.org/gps/dict/recordVersion">
<swe:label>Record Version</swe:label>
</swe:Count>
</swe:field>

<l-- INITIAL DATETIME FIELDS -->

<I-- These fields utilize a predefined DataRecord for DateTime specification as do many fields in GPSIS -->

<!I-- This DataRecord has een defined externally and is referenced here using the xlink:href attribute -->

<swe:field name="creationDate" xlink:href="http://epocha.org/gps/msg/DateTime.xml"
xlink:role="http://epocha.org/gps/dict/dateOfRecordCreation"/>

<swe:field name="referenceDate" xlink:href="http://epocha.org/gps/msg/DateTime.xml"
xlink:role="http://epocha.org/gps/dict/dateOfEvent"/>

<l-- ACTUAL PRED INFORMATION -->
<swe:field name="pred_record">
<swe:DataRecord definition="http://epocha.org/gps/predictedEphemerisRecord">
<swe:field name="validDate" xlink:href="http://epocha.org/gps/msg/DateTime.xml"
xlink:role="http://epocha.org/gps/dict/validDateOfEvent"/>
<swe:field name="svid">
<swe:Count definition="http://epocha.org/gps/dict/satellitelD">
<swe:label>Satellite ID</swe:label>
</swe:Count>
</swe:field>

<swe:field name="pos_error_x">
<swe:Quantity definition="http://epocha.org/gps/dict/posErrorX">
<swe:label>Position Error X</swe:label>
<swe:uom code="m"/>
</swe:Quantity>
</swe:field>
<swe:field name="pos_error_y">
<swe:Quantity definition="http://epocha.org/gps/dict/posErrorY">
<swe:label>Position Error Y</swe:label>
<swe:uom code="m"/>
</swe:Quantity>
</swe:field>
<swe:field name="pos_error_z">
<swe:Quantity definition="http://epocha.org/gps/dict/posErrorZ">
<swe:label>Position Error Z</swe:label>
<swe:uom code="m"/>
</swe:Quantity>
</swe:field>

<swe:field name="vel_error_x">
<swe:Quantity definition="http://epocha.org/gps/dict/velErrorX">
<swe:label>Velocity Error X</swe:label>
<swe:uom code="m/s"/>
</swe:Quantity>
</swe:field>
<swe:field name="vel_error_y">
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<swe:Quantity definition="http://epocha.org/gps/dict/velErrorY">
<swe:label>Velocity Error Y</swe:label>
<swe:uom code="m/s"/>
</swe:Quantity>
</swe:field>
<swe:field name="vel_error_z">
<swe:Quantity definition="http://epocha.org/gps/dict/velErrorZ">
<swe:label>Velocity Error Z</swe:label>
<swe:uom code="m/s"/>
</swe:Quantity>
</swe:field>

<swe:field name="clock_bias">
<swe:Quantity definition="http://epocha.org/gps/dict/clockBias">
<swe:label>Clock Bias</swe:label>
<swe:uom code="s"/>
</swe:Quantity>
</swe:field>
<swe:field name="clock_drift">
<swe:Quantity definition="http://epocha.org/gps/dict/clockDrift">
<swe:label>Clock Drift</swe:label>
<swe:uom code="s/s"/>
</swe:Quantity>
</swe:field>
<swe:field name="clock_drift_rate">

<swe:Quantity definition="http://epocha.org/gps/dict/clockDriftRate">

<swe:label>Clock Drift Rate</swe:label>
<swe:uom code="s/s2"/>
</swe:Quantity>
</swe:field>

</swe:DataRecord>
</swe:field>
</swe:DataRecord>

A.6  The Performance Assessment File (paf)

<?xml version="1.0" encoding="UTF-8"?>

<swe:DataRecord id="PAF"
xmins:swe="http://www.opengis.net/swe/2.0"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmins:xlink="http://www.w3.0rg/1999/xlink"
xsi:schemal.ocation="http://www.opengis.net/swe/2.0 http://schemas.opengis.net/sweCommon/2.0/swe.xsd"
definition="http://epocha.org/gps/dict/paf">

<I-- data structure for the paf messages -->
<swe:identifier>urn:epocha:org:paf_msg</swe:identifier>
<swe:label>Performance Assessment File (PAF)</swe:label>
<swe:description>EPOCHA message structure for the Performance Assessment File (PAF) used for correcting GPS
navigation</swe:description>

<!I-- initial identification field descriptions -->
<swe:field name="sysid">
<swe:Category definition="http://epocha.org/gps/dict/sysid" updatable="false">

<swe:label>System ID</swe:label>

<swe:value>GPS</swe:value>
</swe:Category>
</swe:field>
<swe:field name="source">

<swe:Category definition="http://epocha.org/gps/dict/outageSource" updatable="false">

<swe:label>PAF Source</swe:label>
<swe:value>GOCGIS</swe:value>

</swe:Category>
</swe:field>
<swe:field name="version">
<swe:Count definition="http://epocha.org/gps/dict/recordVersion">

<swe:label>Record Version</swe:label>

</swe:Count>

</swe:field>
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<l-- INITIAL DATETIME FIELDS -->

<I-- These fields utilize a predefined DataRecord for DateTime specification as do many fields in GPSIS -->

<!I-- This DataRecord has een defined externally and is referenced here using the xlink:href attribute -->
<swe:field name="creationDate" xlink:href="http://epocha.org/gps/msg/DateTime.xml"
xlink:role="http://epocha.org/gps/dict/dateOfRecordCreation"/>

<swe:field name="referenceDate" xlink:href="http://epocha.org/gps/msg/DateTime.xml"
xlink:role="http://epocha.org/gps/dict/dateOfEvent"/>

<l-- ACTUAL PAF INFORMATION -->

<swe:field name="paf_record">

<swe:DataRecord definition="http://epocha.org/gps/performanceAssessmentRecord">

40

<swe:field name="svid">
<swe:Count definition="http://epocha.org/gps/dict/satellite|D">
<swe:label>Satellite ID</swe:label>
</swe:Count>

<!-- the paf data may be missing or not available, so we offer a DataChoice -->
<!I-- if the value of the next field is "yes", data will be provided, if "no" no further data is provided -->
<swe:field name="dataAvailable">
<swe:DataChoice definition="http://epocha.org/gps/dict/dataAvailable">
<swe:description>If data available, provide it; if data not available, skip</swe:description>

<swe:item name="yes">
<swe:DataRecord definition="http://epocha.org/gps/dict/pafData">
<I-- NOTE: these 3-component properties could each be wrapped in swe:Vector

if found benefitial -->
<swe:field name="pos_error_x">
<swe:Quantity definition="http://epocha.org/gps/dict/posErrorX">
<swe:label>Position Error X</swe:label>
<swe:uom code="m"/>
</swe:Quantity>
</swe:field>
<swe:field name="pos_error_y">
<swe:Quantity definition="http://epocha.org/gps/dict/posErrorY">
<swe:label>Position Error Y</swe:label>
<swe:uom code="m"/>
</swe:Quantity>
</swe:field>
<swe:field name="pos_error_z">
<swe:Quantity definition="http://epocha.org/gps/dict/posErrorZ">
<swe:label>Position Error Z</swe:label>
<swe:uom code="m"/>
</swe:Quantity>
</swe:field>
<swe:field name="clock_phase_error">

<swe:Quantity definition="http://epocha.org/dict/gps/dict/clockPhaseError">

<swe:label>Clock Phase Error</swe:label>
<swe:uom code="m"/>
</swe:Quantity>
</swe:field>
<swe:field name="vel_error_x">
<swe:Quantity definition="http://epocha.org/gps/dict/velErrorX">
<swe:label>Velocity Error X</swe:label>
<swe:uom code="m/s"/>
</swe:Quantity>
</swe:field>
<swe:field name="vel_error_y">
<swe:Quantity definition="http://epocha.org/gps/dict/velErrorY">
<swe:label>Velocity Error Y</swe:label>
<swe:uom code="m/s"/>
</swe:Quantity>
</swe:field>
<swe:field name="vel_error_z">
<swe:Quantity definition="http://epocha.org/gps/dict/velErrorZ">
<swe:label>Velocity Error Z</swe:label>
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<swe:uom code="m/s"/>
</swe:Quantity>
</swe:field>
<swe:field name="clock_frequency_error">
<swe:Quantity definition="http://epocha.org/gps/dict/clockFrequencyError">
<swe:label>Clock Phase Error</swe:label>
<swe:uom code="m/s"/>
</swe:Quantity>
</swe:field>
<swe:field name="age_of data">
<swe:Quantity definition="http://epocha.org/gps/dict/ageOfData">
<swe:label>Age of Data</swe:label>
<swe:uom code="min"/>
</swe:Quantity>
</swe:field>
<swe:field name="sigma_sv">
<swe:Quantity definition="http://epocha.org/gps/dict/sigmaSV">
<swe:label>Sigma SV</swe:label>
<swe:nilValues>
<swe:NilValues>
<swe:nilValue

reason="http://epocha.org/gps/dict/exceeds4RMS">0</swe:nilValue>

</swe:NilValues>
</swe:nilValues>
<swe:uom code="m"/>
</swe:Quantity>
</swe:field>
<swe:field name="sigma_dot_sv">
<swe:Quantity definition="http://epocha.org/gps/dict/sigmaSV">
<swe:label>Sigma Dot SV</swe:label>
<swe:nilValues>
<swe:NilValues>
<swe:nilValue

reason="http://epocha.org/gps/dict/exceeds4RMS">0</swe:nilValue>

</swe:NilValues>
</swe:nilValues>
<swe:uom code="m/s"/>
</swe:Quantity>
</swe:field>
<swe:field name="iode_current">
<swe:Count definition="ttp://epocha.org/gps/dict/iodeCurrent">
<swe:label>Current Issue of Data Ephemeris</swe:label>
</swe:Count>
</swe:field>
<swe:field name="iode_future">
<swe:Count definition="ttp://epocha.org/gps/dict/iodeFuture">
<swe:label>Future Issue of Data Ephemeris</swe:label>

</swe:Count>
</swe:field>
<l-- CONFIRM UOM FOR THE NEXT 4 COMPONENTS -->
<swe:field name="clock_minus_radius">
<swe:Quantity definition="http://epocha.org/gps/dict/clockMinusRadius">
<swe:label>Clock Minus Radius</swe:label>
<swe:uom code="rad"/>
</swe:Quantity>
</swe:field>
<swe:field name="residual_x">
<swe:Quantity definition="http://epocha.org/gps/dict/residualX">
<swe:label>Residual X</swe:label>
<swe:uom code="rad"/>
</swe:Quantity>
</swe:field>
<swe:field name="residual_y">
<swe:Quantity definition="http://epocha.org/gps/dict/residualY">
<swe:label>Residual Y</swe:label>
<swe:uom code="rad"/>
</swe:Quantity>
</swe:field>
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<swe:field name="residual_z">
<swe:Quantity definition="http://epocha.org/gps/dict/residualZ">
<swe:label>Residual Z</swe:label>
<swe:uom code="rad"/>
</swe:Quantity>
</swe:field>

</swe:DataRecord>
</swe:item>

<I-- for item with name=no", there are no fields to be specified -->
<swe:item name="no"/>

</swe:DataChoice>
</swe:field>

</swe:DataRecord>

</swe:field>
</swe:DataRecord>
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