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1 Introduction

1.1 Scope

The XTCE Magenta Book CCSDS is a best practices report for tailoring XTCE to CCSDS packet based missions.   The report focuses on recommendations associated with the primary header, time stamps, packet bodies, and various items related to the XTCE specification itself.
However it is not a complete tailoring of XTCE for all CCSDS communities because these communities may use the CCSDS packet in differing ways.

Some of the larger indentified CCSDS packet format communities include:

· NASA Goddard Space Flight Center (NASA GSFC)
· Jet Propulsion Laboratory (JPL)

· NASA Johnson Space Flight Center (JSC) International Space Station Mission
· European Space Agency (ESA)

Many other organizations, including other national civilian space agencies and military organizations may use the CCSDS packet format as well but they may also use them differently than any of the above organizations.
Because of this it is not possible in a single report to produce a complete tailoring of XTCE for all CCSDS missions.

However this report does try to capture recommendation applicable to all communities which can be used to form the basis for community by community tailoring.

Finally this report is also not a description of all XTCE elements and attributes, for that refer to the companion report CCSDS XTCE Magenta Book Core.

1.2 Intended Audience

The intended audience of this specification are the persons responsible for populating the descriptive information (i.e. mission operations databases) used by their systems to process CCSDS telemetry and command packets, likely for mission operations;  they may be using XTCE for exchange with other parties or natively.

1.2.1 CCSDS Standards Applicable to XTCE
The areas of this report that focuses directly on telemetry and telecommand packet descriptions correspond to CCSDS specifications associated with packet telemetry and telecommand.  In addition the CCSDS reports associated with packet time codes are applicable as well.
1.2.2 Areas not Covered by CCSDS Standards

This document begins to cover areas held in the “data block” of the packet, after the CCSDS primary header (and secondary header if present) – these items are not specifically covered by any CCSDS Recommendation at this time.  References to the telemetry and telecommand pipeline may be briefly mentioned as well but are not considered in this report; CCSDS Reports related to these items may also be helpful for review.
1.2.3 Diagrams used within this Document

UML class diagrams are used within this document to describe the construction XTCE descriptions for telemetry packets, command packets and commands because certain elements within XTCE use a form of inheritance.  These elements are containers and metacommands. Although not specifically designed for this task simplified UML Class diagrams have proven helpful in describing these inheritance relationships.

Numerous sources of public and private information about UML are available to the reader; the diagrams presented here are relatively simple and make use of only a tiny fraction of the entire UML specification.  UML is published by the Object Management Group (OMG) and is being incrementally revised.  Other OMG specifications mentioned within this document may also be found at their website.
1.3 References

[1] Packet Telemetry, Blue Book. Issue 5. November 2000.

[2] XTCE, Blue Book. Issue 1. Oct 2007
[3] XTCE Magenta Book Core, Issue 1. XXX XXXX

[4] Space Packet Protocol. Recommendation for Space Data System Standards, CCSDS 133.0-B-1. Blue Book. Issue 1. Washington, D.C.: CCSDS, September 2003.
[5] TM Space Data Link Protocol. Recommendation for Space Data System Standards, CCSDS 132.0-B-1. Blue Book. Issue 1. Washington, D.C.: CCSDS, September 2003.
[6]  TC Space Data Link Protocol. Recommendation for Space Data System Standards, CCSDS 232.0-B-1. Blue Book. Issue 1. Washington, D.C.: CCSDS, September 2003.
[7] AOS Space Data Link Protocol. Recommendation for Space Data System Standards, CCSDS 732.0-B-2. Blue Book. Issue 2. Washington, D.C.: CCSDS, July 2006.
[8] TM Synchronization and Channel Coding. Recommendation for Space Data System Standards, CCSDS 131.0-B-1. Blue Book. Issue 1. Washington, D.C.: CCSDS, September 2003.
[9] TC Synchronization and Channel Coding. Recommendation for Space Data System Standards, CCSDS 231.0-B-1. Blue Book. Issue 1. Washington, D.C.: CCSDS, September 2003.
[10] Time Code Formats. CCSDS 301.0-B-3. Blue Book. Issue 3. Washington, D.C.: CCSDS, January 2002.
2 Concepts
This report defines recommendations for using XTCE common to all CCSDS missions that need to describe telemetry packets that have a CCSDS header, or commands whose command packets have a CCSDS header. 
These recommendations are highlighted from the main text and numbered in manner as follows. 

Recommendation #.  Recommendations are given in a grey-box like this one.  
In various places in the associated explanatory text the terms shall, must, should and may could appear, however, they should just be considered as incidental terms.

In addition recommendations are given for defining community specific usage constraints for XTCE.
3 SpaceSystems

XTCE allows for the creation of a tree-like structure of SpaceSystems with a root SpaceSystem at the top of the tree in a given XTCE instance document.  Any number of child SpaceSystems (including none) is legal and each child SpaceSystem can have any number of children itself, and so on.  
However the SpaceSystem tree concept and its application are implementation dependent. 
While useful, using a SpaceSystem tree increases the complexity of NameReferences which may hold path-like information to other SpaceSystems.

Implementing NameReferences general sense increases development costs and because of this can be a barrier to implementers. 

Recommendation  AUTONUM  \* Arabic   Start with a one SpaceSystem implementation

Doing so means all the NameReferences can be the name of the item of interest – this is much simpler.

However there are some items to consider if taking this action.  Almost all elements with @name attributes should be unique per element type.   This may mean naming conventions will have to be adopted to ensure that this is true.
Another issue is the loss of being able to represent arbitrary subsystems within the schema.  One option here is to the use the SystemName element to hold the subsystem which gives one a limited ability to capture subsystem concepts.   This is present in both MetaCommand and Parameter but unfortunately not in SequenceContainer (or any other container form).  Once again a workaround of using AncillaryData in SequenceContainers to hold this information may suffice but doing so requires documenting it.  

Generally speaking, keeping to one SpaceSystem simplifies the NameReferences greatly but places a burden to make sure items are unique by element type, and may require the “unrolling” of descriptive items that represent more than one device or subsystem as well.
3.1 NameReferences

There are two forms of NameReference in XTCE – qualified and unqualified.  
Because unqualified are the most flexible, this report recommends that missions favor them in their constructions, if one SpaceSystem is used then essentially all unqualified NameReferences are global, and this form is the easiest to implement.
Recommendation  AUTONUM  \* Arabic   Favor unqualified NameReferences over qualified NameReferences and relative path Qualified NameReferences over absolute path Qualified NameReferences

If a mission or organization later chooses to add a hierarchy of SpaceSystem trees to their XTCE files, they should recognize that a more general implementation of NameReferences to include absolute or relative paths to other locations in the file may be needed and this will be a more complex implementation. 
3.2 The Root SpaceSystem

The Root SpaceSystem of an XTCE resembles the following:
<?xml version="1.0" encoding="UTF-8"?>
<xtce:SpaceSystem
 name="Aqua" 

 xsi:schemaLocation="http://www.omg.org/space/xtce http://www.omg.org/spec/XTCE/20061101/06-11-06.xsd" 
 xmlns:xtce="http://www.omg.org/space/xtce"
 xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"/>
3.2.1 Encoding
The first line XTCE file be either the line, this informs an XML parser of document encoding: 

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

<?xml version="1.0" encoding="UTF-16"?>
Recommendation  AUTONUM  \* Arabic   The first line of an XTCE document should be either:

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

--or—

<?xml version=”1.0” encoding=”UTF-16”?>

3.2.2 xsi:schemaLocation Attribute
The xsi:schemaLocation informs an XML parser where to find the schema associated with the file. However many XML parsers provide the ability to override the designation with a local schema.  In the following designation the schema location is given as the URL for the official XTCE Schema as published by the OMG.  As long as a network connection is good, many XML parsers will automatically retrieve the file and proceed with XML parsing.
xsi:schemaLocation=”http://www.omg.org/space/xtce http://www.omg.org/spec/XTCE/20061101/06-11-06.xsd”

However there may be other cases where a local copy of the XTCE1.1 is appropriate and implementers should provide a local copy if this is more appropriate.
Recommendation  AUTONUM  \* Arabic   Missions may override the URL designation and supply the official XTCE1.1 specification locally
3.2.3 xmlns:xtce Attribute
The XTCE namespace designator can be set in a number of ways, however by setting in this manner each element will start with “<xtce: …>”.  Although this increases the size of an XTCE file it clearly marks each element as “belonging” to XTCE which may be useful in certain cases of mixed XML documents.
Recommendation  AUTONUM  \* Arabic   The XTCE namespace should be set to: xmlns:xtce=”http://www.omg.org/space/xtce”
3.2.4 xmlns:xsi Attribute
The XML Schema namespace designation can also be set in a variety of ways, the following sets namespace for the built in Schema types:

Recommendation  AUTONUM  \* Arabic   The XML namespace shall be set to: xmlns:xsi=”http://www.w3.org/2001/XMLSchema-instance”
3.3 Header
The SpaceSystem child element Header contains several documentary oriented elements important to missions but it should only be defined in the Root SpaceSystem element.
Recommendation  AUTONUM  \* Arabic   Ignore Header elements in non-root SpaceSystems
Additional attributes and child elements of Header need to be considered by each mission or organization.
3.3.1 validationStatus Attribute
The validationStatus attribute can be used to say something about the maturity of the document.
Recommendation  AUTONUM  \* Arabic   The attribute validationStatus should be set to indicate document maturity
4 System Supplied Session Variables: SCID, VCID

The spacecraft identifier (SCID) and virtual channel identifier (VCID) may be important in some areas of XTCE related to parameter instance (ParameterInstanceRefs).  

However these items are not part of packets.

Therefore these items should be described in an XTCE file as session (system) variables – items supplied by the system in some manner.  
The descriptions for these Session Variables are as follows: 


<xtce:ParameterSet>


<xtce:Parameter parameterTypeRef="CCSDSSCIDType" name="CCSDSSCID">



<xtce:ParameterProperties dataSource="local"/>


</xtce:Parameter>


<xtce:Parameter parameterTypeRef="CCSDSVCIDType" name="CCSDSVCID">



<xtce:ParameterProperties dataSource="local"/>


</xtce:Parameter>

</xtce:ParameterSet>

Each ParameterType is represented as an IntegerParameterType using defaults. 



<xtce:ParameterTypeSet>



<xtce:IntegerParameterType name="CCSDSSCIDType">




<xtce:UnitSet/>



</xtce:IntegerParameterType>



<xtce:IntegerParameterType name="CCSDSVCIDType">




<xtce:UnitSet/>



</xtce:IntegerParameterType>

</xtce:ParameterTypeSet>
Recommendation  AUTONUM  \* Arabic   Spacecraft ID (SCID) and Virtual Channel ID (VCID) should be defined as session variables and place in the root SpaceSystem in TelemetryMetaData
These items should be considered reserved.

5 Describing the CCSDS Primary Header
Every CCSDS format packet, whether it is a telemetry or command packet has a CCSDS primary header associated with it.

5.1 CCSDS Primary Header Description
The CCSDS primary header contains fields important for telemetry and command processing; as such its description should appear in the XTCE file.

5.1.1 The CCSDS Primary Header Fields
CCSDS primary header fields are as follows:
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Figure 1 - CCSDS Primary Header Fields

The following XTCE description captures the details of the primary header; these constructions should be considered reserved in any CCSDS XTCE instance file.

Each field of the CCSDS primary header is implemented in XTCE as an unsigned parameter using the default host size of 32, and encoded as an unsigned integer with length as specified in the header.  Each field name is created using a simple pattern for consistency.

</xtce:ParameterTypeSet>
<xtce:IntegerParameterType signed="false" name="CCSDSVersionType">



<xtce:UnitSet/>



<xtce:IntegerDataEncoding sizeInBits="3"/>


</xtce:IntegerParameterType>


<xtce:IntegerParameterType signed="false" name="CCSDSTypeType">



<xtce:UnitSet/>



<xtce:IntegerDataEncoding sizeInBits="1"/>


</xtce:IntegerParameterType>


<xtce:IntegerParameterType signed="false" name="CCSDSSecHType">



<xtce:UnitSet/>



<xtce:IntegerDataEncoding sizeInBits="1"/>


</xtce:IntegerParameterType>


<xtce:IntegerParameterType signed="false" name="CCSDSAPIDType">



<xtce:UnitSet/>



<xtce:IntegerDataEncoding sizeInBits="11"/>


</xtce:IntegerParameterType>


<xtce:IntegerParameterType signed="false" name="CCSDSGroupFlagsType">



<xtce:UnitSet/>



<xtce:IntegerDataEncoding sizeInBits="2"/>


</xtce:IntegerParameterType>


<xtce:IntegerParameterType signed="false" name="CCSDSSourceSequenceCountType">



<xtce:UnitSet/>



<xtce:IntegerDataEncoding sizeInBits="14"/>


</xtce:IntegerParameterType>


<xtce:IntegerParameterType signed="false" name="CCSDSPacketLengthType">



<xtce:UnitSet/>



<xtce:IntegerDataEncoding sizeInBits="16"/>


</xtce:IntegerParameterType>
</xtce:ParameterTypeSet>
<xtce:ParameterSet>

The related Parameters are given as follows:

<xtce:Parameter parameterTypeRef="CCSDSVersionType" name="CCSDSVersion"/>
<xtce:Parameter parameterTypeRef="CCSDSTypeType" name="CCSDSType"/>
<xtce:Parameter parameterTypeRef="CCSDSSecHType" name="CCSDSSecH"/>
<xtce:Parameter parameterTypeRef="CCSDSAPIDType" name="CCSDSAPID"/>
<xtce:Parameter parameterTypeRef="CCSDSGroupFlagsType" name="CCSDSGroupFlags"/>
<xtce:Parameter parameterTypeRef="CCSDSSourceSequenceCountType" name="CCSDSSourceSequenceCount"/>
<xtce:Parameter parameterTypeRef="CCSDSPacketLengthType" name="CCSDSPacketLength"/>
Recommendation  AUTONUM  \* Arabic   The CCSDS primary header fields should be defined in the root SpaceSystem in TelemetryMetaData
These items should be considered reserved; they may be referred to on either “side” – TelemetryMetaData or CommandMetaData.
5.2 The CCSDSPacket Container 
Defining the CCSDS primary header consists of using a SequenceContainer with entries to the above parameter definitions.  The name “CCSDSPacket” is reserved.  It is marked as abstract and not a full description of any particular mission packet; it will form the root container in such packet container hierarchies.
<xtce:SequenceContainer abstract="true" name="CCSDSPacket">

<xtce:LongDescription>

The basis for all CCSDS Packets
</xtce:LongDescription>

<xtce:EntryList>


<xtce:ParameterRefEntry parameterRef="CCSDSVersion"/>


<xtce:ParameterRefEntry parameterRef="CCSDSType"/>


<xtce:ParameterRefEntry parameterRef="CCSDSSecH"/>


<xtce:ParameterRefEntry parameterRef="CCSDSAPID"/>


<xtce:ParameterRefEntry parameterRef="CCSDSGroupFlags"/>


<xtce:ParameterRefEntry parameterRef="CCSDSSourceSequenceCount"/>


<xtce:ParameterRefEntry parameterRef="CCSDSPacketLength"/>

</xtce:EntryList>
</xtce:SequenceContainer>
Missions only need to define one of these constructs and it should be placed in the root SpaceSystem in TelemetryMetaData.
Recommendation  AUTONUM  \* Arabic   The CCSDS primary header container should be placed in the root SpaceSystem in TelemetryMetaData and be called CCSDSPacket
Again either “side” of the XTCE, either containers in TelemetryMetaData or CommandMetaData may use this in a BaseContainer.

6 Simplified XTCE Time Descriptions
Time stamps (or fields) are an important part of telemetry processing and may be present in some cases for commanding as well.   There are two overall forms of time stamps that are typical for CCSDS missions: segmented and unsegmented.
Segmented time consists of several related rolling time fields, where as unsegmented time fields consist of a major time field and fractional field.  Regardless of form, the values presented are offset from some epoch.

Many of the various aspects of these fields (the number of segments, their size, their units, epoch and so forth) are mission dependent.

There are also several standards related to time formats including a CCSDS specification of the same name; not all organizations or mission use the same time formats or epochs, or they may even mix segmented an unsegmented forms in different parts of the telemetry stream.
XTCE has two ParameterTypes (ArgumentTypes) for time: AbsoluteTimeParameterType and RelativeTimeParameterType.

XTCE’s time description constructs are complex and more oriented towards telemetry and command system that only send the updating portion of a segmented time code.

This form of time telemetry is not typically used in CCSDS missions, so the following simplified form of AbsoluteTimeParameterType and RelativeTimeParameterType are recommended instead.

This shortens the descriptions but at the cost of fully describing every aspect of them in XML; this reduces automation potential.
Recommendation  AUTONUM  \* Arabic   Use the simplified forms of AbsoluteTimeParameterType and Relative TimeParameterType described in this report
When XTCE was conceived the desire for automation lead to time data types that captured a basic algorithm for re-assembling time pieces in a stream in the XML.   But the result is a relatively complex construction which is difficult to implement and increases implementation costs up front.
Simplifying them is easier to implement but since certain details are missing, the costs is transferred past the point of parsing.

6.1 Simplified Unsegmented Timecode Example
This particular construction is modeled from the NASA GSFC Aqua mission, and earth science satellite.

Aqua s/c bus tlm pkt format

· epoch=1/1/58

· 16 bits pfield

· 32 bits coarse time, seconds since epoch

· 16 bits fine time

· subseconds, 15.2 microseconds
· 15.2587890625 micro per tick.
    <xtce:ParameterTypeSet>

<xtce:AbsoluteTimeParameterType name="MissionTimeType">

<xtce:LongDescription>32-bits of seconds, 24-bits of sub-seconds, 8-bits unused</xtce:LongDescription>


<xtce:Encoding>



<xtce:IntegerDataEncoding sizeInBits="64"/>


</xtce:Encoding>


<xtce:ReferenceTime>



<xtce:Epoch>TAI</xtce:Epoch>


</xtce:ReferenceTime>

</xtce:AbsoluteTimeParameterType>
    </xtce:ParameterTypeSet>
    <xtce:ParameterSet>

<xtce:Parameter name="MissionTime" parameterTypeRef="MissionTimeType"/>
    </xtce:ParameterSet>
6.2 Simplified Segmented Timecode

The following is derived from the Terra mission.  It’s very similar to the unsegmented example.  For purposes of illustration the date is shown in the alternative YYYY-MM-DD format.
Terra s/c day segmented format (epoch = 1/1/58)

· 16 bits day

· 32 bits ms of day

· 16 bits micro of ms

    <xtce:ParameterTypeSet>

<xtce:AbsoluteTimeParameterType name="MissionTimeType">

<xtce:LongDescription>16-bits of day, 32-bits of ms of day, 16-bits micros of ms</xtce:LongDescription>


<xtce:Encoding>



<xtce:IntegerDataEncoding sizeInBits="64"/>


</xtce:Encoding>


<xtce:ReferenceTime>



<xtce:Epoch>1958-01-01</xtce:Epoch>


</xtce:ReferenceTime>

</xtce:AbsoluteTimeParameterType>
    </xtce:ParameterTypeSet>
    <xtce:ParameterSet>

<xtce:Parameter name="MissionTime" parameterTypeRef="MissionTimeType"/>
    </xtce:ParameterSet>
7 Root ContainerS and MetaCommands
XTCE uses a form of container inheritance for construction of packet definitions.  Because various organizations use CCSDS packet formats in such a wide variety of ways, it is not possible to define one construction that works for them all.

Instead the beginnings of that construction is defined here, a root telemetry container that each organization can further derive to create their full packet definitions, one for telemetry and the other for commands
7.1 CCSDS Root Telemetry Packet 

The root CCSDSTelemetryPacket will extend the CCSDSPacket container and have a RestrictionCriteria for the CCSDSVersion and CCSDSType. It provides no entries and is principally an abstraction that all mission telemetry packets can then be derived from as if defined by their organizations.
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Figure 2 - CCSDSTelemetryPacket Derivation
The XTCE XML is as follows:

<xtce:SequenceContainer name="CCSDSTelemetryPacket" name="true">

<xtce:LongDescription>
Super-container for all telemetry packets
</xtce:LongDescription>

<xtce:EntryList/>

<xtce:BaseContainer containerRef="CCSDSPacket">


<xtce:RestrictionCriteria>



<xtce:ComparisonList>




<xtce:Comparison value="0" parameterRef="CCSDSVersion"/>




<xtce:Comparison value="0" parameterRef="CCSDSType"/>



</xtce:ComparisonList>


</xtce:RestrictionCriteria>

</xtce:BaseContainer>
</xtce:SequenceContainer>
Recommendation  AUTONUM  \* Arabic   Define a SequenceContainer called CCSDSTelemetryPacket in TelemetryMetaData of the root SpaceSystem.  Use this container as the root construction for all further telemetry packet definitions.  It should be marked as abstract
This construct is mainly symbolic, although it does supply two comparisons in the BaseContainer, it also supplies and empty EntryList.
The main side-effect of the construct is that all containers that derive from it are CCSDSTelemetryPackets.
7.2 CCSDS Root Telecommand and Packet
Telecommands follow a similar pattern to telemetry.  However the pattern includes both the concept of a command which is an abstraction and the command packet which is how the command is really packaged and uplinked.  These two concepts are intertwined in XTCE, one is formed from MetaCommand (command) and the other (the packet) is formed with the MetaCommand/CommandContainer.
7.2.1 CCSDSCommand and CCSDSCommandPacket
Basing all commands on super-command ties them all together with a common.  At this time there are no standard arguments or other facets to a “CCSDS Command” so this is again mainly abstraction.
Note: defining the CCSDSCommandPacket by deriving it from the CCSDSPacket (which is placed in TelemetryMetaData) is a standard use of XTCE.
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Figure 3 - CCSDS Command Packet Derivation
The XML is as follows:

<xtce:MetaCommand name="CCSDSCommand" abstract="true">

<xtce:LongDescription>
Super-command for all CCSDS missions, includes the 

super-cmd-container for all cmd packets

</xtce:LongDescription>

<xtce:CommandContainer name="CCSDSCommandPacket">


<xtce:EntryList/>


<xtce:BaseContainer containerRef="CCSDSPacket">



<xtce:RestrictionCriteria>




<xtce:ComparisonList>





<xtce:Comparison value="0" parameterRef="CCSDSVersion"/>





<xtce:Comparison value="1" parameterRef="CCSDSType"/>
<xtce:Comparison value="3" parameterRef="CCSDSGroupFlags"/>




</xtce:ComparisonList>



</xtce:RestrictionCriteria>


</xtce:BaseContainer>

</xtce:CommandContainer>
</xtce:MetaCommand>
Recommendation  AUTONUM  \* Arabic   Define a CCSDSCommand MetaCommand, and a CCSDSCommandPacket as its CommandContainer in the root SpaceSystem in MetaCommandSet
The entire diagram including the MetaCommand is as follows:
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Figure 4 - CCSDS Telemetry, Command and Command Packet
8 Describing the Data Block

The data block of a packet is not controlled at this time by any CCSDS specifications. However in order to maximize exchange between CCSDS missions, certain XTCE related recommendations must be applied to this area.
CCSDS missions that use XTCE should reference the ParameterType/ArgumentType and DataEncodings as defined in the CCSDS XTCE Magenta Book Core to describe Parameters and Arguments within their XTCE CCSDS Packet descriptions within the data block.

Recommendation  AUTONUM  \* Arabic   Adopt the XTCE Magenta Book Core recommendations for ParameterTypes and DataEncoding (includes telemetry, command, and arguments)
9 Using XTCE in an organization or Mission
XTCE is a broad specification that is likely going need to be tuned for a specific usage.  This report limits XTCE usage somewhat for any CCSDS based organization or mission.  However in order to fully use XTCE and maximize its benefits, your organization will likely with to go further in constraining it.
There are two overall steps to take:
1 – Build a set of processable rules that can be used to programmatically constraint any XTCE document

2 – Develop a “pattern” for describing your packets and commands, using the root containers and MetaCommand here as a basis

Recommendation  AUTONUM  \* Arabic   Use this document as a basis for your organizations XTCE rules, develop a pattern for describing your packets and commands using root container and MetaCommand
Developing such rules has been shown to be an effect way to constrain XTCE without developing a new schema.
For example one approach that has been shown to work is to list all the elements and attributes of XTCE in table and supply a processable rule (in for example XPath) that is to be run against any XML instance document.  If the rule fails, the document does not meet the constraints, if all the rules pass then the document is valid.

It is important to note that such rules checking can only occur after the document has been successfully validated against the XTCE schema with an XML parser.

Recommendation  AUTONUM  \* Arabic   First validate a document with the XTCE schema, then against any specific rules developed that further govern its usage
9.1 Extending the Patterns
One of the main purposes of this report is to provide the basic infrastructure for using XTCE for any mission or organization that uses CCSDS telemetry and command packets. 

However as has been stated, that information alone is not going to be enough to describe the detailed aspects of every telemetry and command packet, and the various other items associated with operational data bases.
Nonetheless, it should be clear that each organization should extend the constructions here and this can be represented diagrammatically as follows.
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Figure 5 - Organizational Patterns
10 Additional Items to Consider
There are a number of additional items missions may want to consider in relation to using XTCE. 
10.1 Parameter and ParameterType

Some missions may want to consider defining one Parameter and ParameterType for each Parameter (including Argument and ArgumentType).  This approach may provide some simplification in terms of managing parameter definitions at the expense of file size.

Rule  AUTONUM  \* Arabic   Maintain a one-to-one relation between Parameter and ParameterType (and Argument and ArgumentType)
This recommendation is most often useful when converting from some set of descriptions in another format to XTCE, often the information held in XTCE’s Parameter and ParameterType is held in amanner in the other formatting that makes sharing ParameterType challenging.  Quite simply, it is often easier to simply consider each parameter as a independent whole.
10.2 ParameterType Inheritance

Some missions may want to consider using ParameterType inheritance to reduce the number of items defined in XTCE, thus shrinking the file size.
However ParameterType inheritance is somewhat tricky to implement and first time users may prefer to replicate information in the file.

Rule  AUTONUM  \* Arabic   Do not implement Parameter(Argument)Type inheritance initially
10.3 Extending XTCE

Some missions may the feel the need to extend XTCE to meet mission needs – there are several ways to extend XTCE to hold additional information including:

1) Using AncillaryData 

2) Misusing a pre-existing element or attribute

3) Creating a separate custom XML Schema or other external format

4) Creating a custom XML Schema by XML Import of XTCE adding additional elements to it, but leaving the XTCE portion “intact”

5) XML importing XTCE and using its types to create a new XML Schema without keeping XTCE intact

Items #2 and #5 will make it difficult to be considered compliant with XTCE.  
For item #4, the XTCE portion may be in compliance.   Item #2 may technically be in compliance but the misuse of the element or attribute must be documented so the receiver can interpret it properly.
Items #1 should be the considered first, followed then by item #3 and item #4.  #2 may suffice for small infractions.
Rule  AUTONUM  \* Arabic   Missions that need to extend XTCE should consider using AncillaryData first, then creating another custom stand beside external format second
11 Appendix A
The following XML is the complete XTCE CCSDS template.
<xtce:SpaceSystem xmlns:xtce="http://www.omg.org/space/xtce" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" name="CCSDS" xsi:schemaLocation="http://www.omg.org/space/xtce SpaceSystemV1.1.xsd">


<xtce:TelemetryMetaData>



<xtce:ParameterTypeSet>




<xtce:IntegerParameterType signed="false" name="CCSDSSCIDType">





<xtce:UnitSet/>




</xtce:IntegerParameterType>




<xtce:IntegerParameterType signed="false" name="CCSDSVCIDType">





<xtce:UnitSet/>




</xtce:IntegerParameterType>




<xtce:IntegerParameterType signed="false" name="CCSDSVersionType">





<xtce:UnitSet/>





<xtce:IntegerDataEncoding sizeInBits="3"/>




</xtce:IntegerParameterType>




<xtce:IntegerParameterType signed="false" name="CCSDSTypeType">





<xtce:UnitSet/>





<xtce:IntegerDataEncoding sizeInBits="1"/>




</xtce:IntegerParameterType>




<xtce:IntegerParameterType signed="false" name="CCSDSSecHType">





<xtce:UnitSet/>





<xtce:IntegerDataEncoding sizeInBits="1"/>




</xtce:IntegerParameterType>




<xtce:IntegerParameterType signed="false" name="CCSDSAPIDType">





<xtce:UnitSet/>





<xtce:IntegerDataEncoding sizeInBits="11"/>




</xtce:IntegerParameterType>




<xtce:IntegerParameterType signed="false" name="CCSDSGroupFlagsType">





<xtce:UnitSet/>





<xtce:IntegerDataEncoding sizeInBits="2"/>




</xtce:IntegerParameterType>




<xtce:IntegerParameterType signed="false" name="CCSDSSourceSequenceCountType">





<xtce:UnitSet/>





<xtce:IntegerDataEncoding sizeInBits="14"/>




</xtce:IntegerParameterType>




<xtce:IntegerParameterType signed="false" name="CCSDSPacketLengthType">





<xtce:UnitSet/>





<xtce:IntegerDataEncoding sizeInBits="16"/>




</xtce:IntegerParameterType>



</xtce:ParameterTypeSet>



<xtce:ParameterSet>




<xtce:Parameter parameterTypeRef="CCSDSSCIDType" name="CCSDSSCID">





<xtce:ParameterProperties dataSource="local"/>




</xtce:Parameter>




<xtce:Parameter parameterTypeRef="CCSDSVCIDType" name="CCSDSVCID">





<xtce:ParameterProperties dataSource="local"/>




</xtce:Parameter>




<xtce:Parameter parameterTypeRef="CCSDSVersionType" name="CCSDSVersion"/>




<xtce:Parameter parameterTypeRef="CCSDSTypeType" name="CCSDSType"/>




<xtce:Parameter parameterTypeRef="CCSDSSecHType" name="CCSDSSecH"/>




<xtce:Parameter parameterTypeRef="CCSDSAPIDType" name="CCSDSAPID"/>




<xtce:Parameter parameterTypeRef="CCSDSGroupFlagsType" name="CCSDSGroupFlags"/>




<xtce:Parameter parameterTypeRef="CCSDSSourceSequenceCountType" name="CCSDSSourceSequenceCount"/>




<xtce:Parameter parameterTypeRef="CCSDSPacketLengthType" name="CCSDSPacketLength"/>



</xtce:ParameterSet>



<xtce:ContainerSet>




<xtce:SequenceContainer name="CCSDSPacket">





<xtce:LongDescription>Super-container for telemetry and command packets</xtce:LongDescription>





<xtce:EntryList>






<xtce:ParameterRefEntry parameterRef="CCSDSVersion"/>






<xtce:ParameterRefEntry parameterRef="CCSDSType"/>






<xtce:ParameterRefEntry parameterRef="CCSDSSecH"/>






<xtce:ParameterRefEntry parameterRef="CCSDSAPID"/>






<xtce:ParameterRefEntry parameterRef="CCSDSGroupFlags"/>






<xtce:ParameterRefEntry parameterRef="CCSDSSourceSequenceCount"/>






<xtce:ParameterRefEntry parameterRef="CCSDSPacketLength"/>





</xtce:EntryList>




</xtce:SequenceContainer>




<xtce:SequenceContainer abstract="true" name="CCSDSTelemetryPacket">





<xtce:LongDescription>Super-container for all telemetry packets</xtce:LongDescription>





<xtce:EntryList/>





<xtce:BaseContainer containerRef="CCSDSPacket">






<xtce:RestrictionCriteria>







<xtce:ComparisonList>








<xtce:Comparison value="0" parameterRef="CCSDSVersion"/>








<xtce:Comparison value="0" parameterRef="CCSDSType"/>







</xtce:ComparisonList>






</xtce:RestrictionCriteria>





</xtce:BaseContainer>




</xtce:SequenceContainer>



</xtce:ContainerSet>


</xtce:TelemetryMetaData>


<xtce:CommandMetaData>



<xtce:MetaCommandSet>




<xtce:MetaCommand name="CCSDSCommand">





<xtce:LongDescription>Super-command for all CCSDS missions, includes the super-cmd-container for all cmd packets</xtce:LongDescription>





<xtce:CommandContainer name="CCSDSCommandPacket">






<xtce:EntryList/>






<xtce:BaseContainer containerRef="CCSDSPacket">







<xtce:RestrictionCriteria>








<xtce:ComparisonList>









<xtce:Comparison value="0" parameterRef="CCSDSVersion"/>









<xtce:Comparison value="1" parameterRef="CCSDSType"/>
<xtce:Comparison value="3" parameterRef="CCSDSGroupFlags"/>








</xtce:ComparisonList>







</xtce:RestrictionCriteria>






</xtce:BaseContainer>





</xtce:CommandContainer>




</xtce:MetaCommand>



</xtce:MetaCommandSet>


</xtce:CommandMetaData>

</xtce:SpaceSystem>










