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1. Introduction

One of the key tenets of the Launch Control System (LCS) architecture is the focus on leveraging standards, existing technologies, and commercially available products to provide significant core functionality in the command and control of constellation launch vehicles and ground support systems.  The LCS is based on the concepts of an Open Software Architecture specifically employing the Service Oriented Architecture (SOA) pattern. SOA provides a meta-model for the integration of decoupled abstract services to provide an overall system capability. 

1.1 Definitions, Acronyms and Abbreviations

	API
	Application Programmer Interface

	COTS
	Commercial Off-The-Shelf

	DDS
	Data Distribution Service

	IA
	Information Architecture

	IP
	Internet Protocol

	LCS
	Launch Control System

	SOA
	Service-Oriented Architecture

	TaNT
	Telemetered and Non-Telemetered

	SME
	Subject Matter Expert


	Abstract Adapter
	A design pattern in which a generic interface is specified and to which all instances of that interface must conform.

	Adapter
	A design pattern which adapts an existing programmatic interface to a software tool, module, or object to an interface more suitable in a specific domain.

	End Item
	Any external system or subsystem that sources data of interest to the LCS, or executes commands issued by the LSCCS.

	Telemetry Point
	A single and unique measurement data item produced by an end-item.

	Service Loose Coupling
	Services maintain a relationship that minimizes dependencies and only requires that they maintain an awareness of each other

	Service Contract
	Services adhere to a communications agreement, as defined collectively by one or more service description documents

	Service Abstraction
	Beyond what is described in the service contract, services hide logic from the outside world

	Service Reusability
	Logic is divided into services with the intention of promoting reuse

	Service Composeability
	Collections of services can be coordinated and assembled to form composite services

	Service autonomy
	Services have control over the logic they encapsulate


1.2 Reference Documents

The following documents contain supplemental information to guide the user in the application of this document.

	Document Number
	Document Title

	CxP 70022-4
	CxP C3I Interoperability Standards Book, Volume 4: Information Representation Specification

	
	


2. Overall Description

In the LCS architecture, the Command and Telemetry Processing services are distributed between a component of the Gateway Services and Framework (GSF) Software Item, and the Application Services and Framework (ASF) Software Item. Figure 1 is a block diagram that depicts the relationship between the Command and Telemetry product and the LCS architecture as a whole. From the Gateway Framework, data updates are generated to the telemetry processing service provided by the COTS tool.  Changes to telemetry point values and attributes are detected and distributed by a software layer that adapts the COTS Command and Telemetry product to the Data Distribution Service (DDS); a COTS tool that distributes data throughout the LCS system.  For commands targeting the end-item the reverse path applies.  Commands are received by the DDS adaptation layer and issued to the Command Processing service.  

The Command Service, through subscription to a commanding topic, monitors the message bus for commands intended for the end-item.  Commands may be initiated by any participant on the DDS message bus, but are filtered for authentication as part of the command service.  Once a command is received, verified, and authenticated, it is formatted and issued to the end-item for execution.  The Command Service is also responsible for managing command acknowledgement.  An acknowledgement is the response to the command from the issuing or executing element.
The ASF utilizes the scripting abilities that are supplied by the Command and Telemetry tool.  In the absence of an appropriate standard for a launch processing scripting language, the LCS has defined an abstracted scripting language that:

· meets the users’ requirements 

· exhibits behaviors that are generic across most modern scripting languages 

· Does not bind the LCS implementation to a single vendor.

LCS leverages the C&T scripting functionality to provide the fundamental development and execution behaviors. In areas where the LCS language syntax and the C&T scripting language match (e.g., if-then-else, do while) the C&T scripting language will be used.  Where overlaps do not exist, the C&T scripting language will be extended to use LCS’ scripting language.  The scripting language will be adapted to use the DDS to obtain measurement value and state changes, and to transmit commands and information to the rest of the LCS.
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Figure 1 Command and Telemetry Services Block Diagram

The Telemetry Service is the mechanism by which processed measurement data is sourced to the LCS.  Changes in the value or status of telemetry points, as acquired from the end-item(s), are detected and then published to the appropriate measurement distribution topic.  The processing of measurement changes includes decommutation of the measurement value from an end-item packet or data frame, scaling of analog measurement values according to pre-defined coefficients, verifying the validity of the value change in terms of reasonability, formatting of measurement data into the appropriate primitive data type, and maintaining the current value and status of the telemetry point.  

The Dictionary Service sources attribute information for each of the telemetry points in the system.  Attribute information includes name, identifier, description units, alarm limits, and analog scaling coefficients.  During the initialization of a Gateway instance, the dictionary service publishes the attributes for each of the telemetry points it is responsible for processing.
3. Requirements 

Section 2 provided a summary of the role and deployment of a Commercial Off The Shelf (COTS) software product to provide the Command and Telemetry Services in the LCS architecture.  The purpose of this section is to identify the salient characteristics of an off-the-shelf package in order for that package to support the command and telemetry processing needs of the LCS architecture.  The vendor shall propose a mature Command and Telemetry product that exists as a commercially deployed product. The vendor’s proposed product may provide all or part of the mission critical system’s requirements as stated in this document. Any limitations or deficiencies shall be noted, this will identify potential modifications that would be needed in order to meet the capabilities it may lack as per the specifications in this document.  
NASA Kennedy Space Center will negotiate to acquire developer and run time licenses with maintenance and technical support for a software product that is compliant with the Consultative Committee for Space Data Systems (CCSDS) and Object Management Group’s specification for the XML Telemetric and Command Exchange (XTCE) http://www.omg.org/space/xtce/.
The proposed Command & Telemetry product shall not require a license server for runtime production environments. The rationale is that a license server/verification introduces an additional point of failure within the mission critical systems. It is required that the development licenses be flexible and can be made available to the developer resources as needed. 

3.1 Engineering Services
[R.GX.C.GSF.001] The offeror shall describe their approach to provide engineering services to perform audits for the design and implementation of interfaces to the command and telemetry product and [R.GX.C.GSF.002] training for installation and configuration of the command and telemetry product.
3.2 Documentation

3.2.1 Testing 

· [R.GX.C.GSF.215] offeror shall describe their approach to provide unit test procedures associated with the software testing processes applied to the command and telemetry product.
3.3 Installation

The installation of the command & telemetry software product must be well documented, configurable, and require minimal manual (i.e., user interaction) steps.

· [R.GX.C.GSF.012] The offeror shall describe their approach to provide installation documentation for the command and telemetry product.

· [R.GX.C.GSF.013] The offeror shall describe how the product has a defined maximum number of manual steps for installation. 

3.4 Configuration

The offeror shall describe how the product has the capability to configure: 
· [R.GX.C.GSF.014]  the granularity of the information logged to disk.

· [R.GX.C.GSF.015] the quantity of information logged to disk.

· [R.GX.C.GSF.016] the frequency of information logged to disk.

· [R.GX.C.GSF.017] the user authentication mechanism utilized by the product.

· [R.GX.C.GSF.018] the system time mechanism utilized by the product
3.4.1 Offline Telemetry Configuration


3.4.1.1 Telemetry Data Structures


The offeror shall describe how the product supports:
· [R.GX.C.GSF.021]  the following primitive data types in its offline definitions: - 8-bit, 16-bit, 32-bit, and 64-bit twos-complement and unsigned integers, - 32-bit and 64-bit IEEE floating point numbers, UTF-8 & UTF-16 character strings, and binary strings.
· [R.GX.C.GSF.216] an integer and digital pattern size range of 1-64 bits. 
3.4.1.2 Telemetry Data Attributes


The offeror shall describe how the product supports:
· [R.GX.C.GSF.023] the offline capability to distinguish data items as sourced from an external end item, or derived from an internal algorithm.

· [R.GX.C.GSF.027] the offline capability to define a unique 32-bit integer ID for each telemetry point.

· [R.GX.C.GSF.028] the offline capability to define 4 levels of alarm limit bounds for each telemetry point.

· [R.GX.C.GSF.217] the offline capability to define a polynomial or line-segment calibration type for each analog telemetry point.
· [R.GX.C.GSF.218] The command and telemetry product shall provide the offline capability to define up to 100 scaling point-pairs for each analog telemetry point.
· [R.GX.C.GSF.219] the offline capability to define multiple calibration sets for an analog telemetry point
3.4.1.3 Telemetry Acquisition Logic


The offeror shall describe how the product supports the offline capability to:
·  [R.GX.C.GSF.033] incorporate the values and states of telemetered and non-telemetered data points in the definition of telemetry acquisition logic.

· [R.GX.C.GSF.034] to allocate a set of logical telemetry acquisition conditions to multiple telemetry data items.

· [R.GX.C.GSF.035] to use boolean operators, including nesting of statements, to define logical telemetry acquisition conditions

· [R.GX.C.GSF.037] to define relationships between data items and data item attributes in terms of conditional statements that are executed/triggered upon receipt of a data attribute change.

· [R.GX.C.GSF.039] to define relationships between data items in terms of conditional statements that are executed upon receipt of a data attribute change that triggers the generation of one or more reactive commands.
3.4.2 Offline Command Configuration


3.4.2.1 Command and Acknowledgement Data Structures


·  [R.GX.C.GSF.043] The offeror shall describe how the product supports the offline capability to set default values for acknowledgement data structure elements.

· [R.GX.C.GSF.044] The offeror shall describe how the product supports the following primitive data types in its offline definitions: - 8-bit, 16-bit, 32-bit, and 64-bit signed and unsigned integers, - 32-bit and 64-bit IEEE floating point numbers,- character strings
3.4.2.2 Command Prerequisite Logic


The offeror shall describe how the product supports the offline capability to
· [R.GX.C.GSF.046] incorporate the values and states of telemetered and non-telemetered (aka derived or calculated) data points in the definition of command pre-requisite logic.

· [R.GX.C.GSF.047] allocate a set of logical command prerequisite conditions to multiple commands.

· [R.GX.C.GSF.048] use boolean operators, including nesting of statements, to define logical pre-requisite conditions
3.5 Initialization

The command and telemetry product will be initialized as a set of services within the LCS architecture. To that end it is paramount that the product is capable of behaving as a service or Unix daemon instead of a stand-alone product.

3.5.1 Product Invocation

The offeror shall describe how the product has the capability to conduct:

· [R.GX.C.GSF.051] initializing command and telemetry services independently.

· [R.GX.C.GSF.052] synchronizing its initialization with the Gateway Framework and relevant end-item protocol plugins.

· [R.GX.C.GSF.054] initializing a minimum of four telemetry stream sources in each running instance.

3.6  Termination

The command and telemetry product is integrated into the LCS architecture as a set of services. This requires the product to support the ability to decouple the individual instances of the product allowing and individual instance to be terminated without affecting other executing instances of the product.

3.6.1 Product Termination


The offeror shall describe how the product has the capability of:

· [R.GX.C.GSF.061]  terminating command and telemetry services independently.

· [R.GX.C.GSF.062] synchronizing its termination with the Gateway Framework and relevant end-item protocol plugins.

3.6.2 Static Data Unloading


The offeror shall describe how the product has the capability of unloading a specified:

· [R.GX.C.GSF.065] telemetry static data representation into an XTCE file.

· [R.GX.C.GSF.066] command static data representation into an XTCE file.

3.6.3 Static Data Reloading


The offeror shall describe how the product has the capability of reloading a specified:

· [R.GX.C.GSF.067]  telemetry static data representation, without restarting the telemetry service.

· [R.GX.C.GSF.068] command static data representation, without restarting the command service.
3.7 Event Recording


3.7.1 Command Recording


· [R.GX.C.GSF.070] The offeror shall describe how the product provides the ability to trace command processing within the product.

3.7.2 Telemetry Recording


The offeror shall describe how the product: 

· [R.GX.C.GSF.072] provides telemetry data recording.

· [R.GX.C.GSF.073] records changes to individual telemetry point and non-telemetered data point values.

· [R.GX.C.GSF.074] records changes to individual telemetry point attributes.

3.7.3 Error Recording


The offeror shall describe how the product records: 

· [R.GX.C.GSF.077] errors encountered during initialization/termination.
· [R.GX.C.GSF.220] detection of triggered conditions and alarms.
3.8 Processing

3.8.1 Telemetry Processing

Telemetry processing includes decommutation of the measurement value from an end-item packet or data frame, scaling of analog measurement values according to pre-defined scaling attributes, verifying the validity of the value change in terms of reasonability, formatting of measurement data into the appropriate primitive data type, assessing the value against pre-defined limits, and maintaining the current value and status of the telemetry point.
3.8.1.1 Current Value Storage


· [R.GX.C.GSF.118] The offeror shall describe how the product maintains a status for each telemetered data item that includes the following states: Valid, Invalid


3.8.1.2 Run-time Telemetry Processing

The offeror shall describe how the product:

· [R.GX.C.GSF.132] detects and reports telemetry data updates that are unreasonable (e.g., setting a 2-state discrete value to 35).

· [R.GX.C.GSF.135] issues reactive commands when a data value change satisfies a predefined condition.

· [R.GX.C.GSF.136] issues reactive commands when a data attribute change satisfies a predefined condition.

· [R.GX.C.GSF.137] has the capability to change a predefined condition to an active state.

· [R.GX.C.GSF.138] has the capability to change a predefined condition to an inhibited state.

· [R.GX.C.GSF.222] provides the ability to time stamp with a 1 msec resolution on an individual telemetry measurement 
3.8.2 Command Processing
3.8.2.1 Acknowledgement Processing


The offeror shall describe how the product:

· [R.GX.C.GSF.152] provides a programmatic interface for generating command acknowledgements.

· [R.GX.C.GSF.153] is capable of supporting multiple acknowledgements for each issued command.

3.8.2.2 Command Prerequisite Logic


The offeror shall describe how the product:
· [R.GX.C.GSF.154] applies active command pre-requisite logic prior to issuing any command.
· [R.GX.C.GSF.155] provides the capability to change a predefined command condition to an active state.

· [R.GX.C.GSF.156] provides the capability to change a predefined command condition to an inhibited state.

3.9 Scripting Support

The offeror shall describe how the product command and telemetry scripting interface provides the ability to:

· [R.GX.C.GSF.193] perform complex calculations via the use of parentheses to designate logically-separate operations

· [R.GX.C.GSF.201] start a script that runs in parallel with the calling script 
3.9.1 Scripting Definition Environment

The offeror shall describe how the product provides the ability:

· [R.GX.C.GSF.202] to define control scripts within a script editor.

· [R.GX.C.GSF.203] for LCS developers to extend the command and telemetry product’s scripting language to include keywords and behaviors of LCS’ choosing.

· [R.GX.C.GSF.204] to access the extensions of the scripting language within the script editor.
· [R.GX.C.GSF.205] to exclude selected non-LCS keywords and behaviors from the script editor

· [R.GX.C.GSF.206] to include selected non-LCS keywords and behaviors within the script editor

3.9.2 Scripting Debug Environment

The offeror shall describe how the product provides the ability to:

· [R.GX.C.GSF.207] interface the debugging capabilities to the DDS environment 
· [R.GX.C.GSF.208] single-step through a script

· [R.GX.C.GSF.209] provide the results of a single-step to the DDS environment

· [R.GX.C.GSF.210] provide the runtime ability to disable execution of a block of script lines.  In effect, the disabled lines become the equivalent of comment lines.
3.10 Performance

The offeror shall describe how the product provides the capability:

· [R.GX.C.GSF.160]  of issuing a reactive command within 20 msec of receipt of the triggering condition. 

· [R.GX.C.GSF.161] to define monitor 30000 reactive command conditions

· [R.GX.C.GSF.162] to actively monitor 200 reactive command conditions.

3.11 Platform Support

3.11.1 Hardware Support

The offeror shall describe how the product provides libraries that are compatible with:

· [R.GX.C.GSF.163] the IBM Power 5+ CPU or higher.

· [R.GX.C.GSF.164] the Sun Ultra Sparc III+ CPU or higher.

· [R.GX.C.GSF.165] the Intel x86 based Xeon processor or newer.

· [R.GX.C.GSF.166] the Intel x86 based   Pentium 4 processor or newer.

· [R.GX.C.GSF.167] the AMD Opteron processor or newer.

The offeror shall describe how the product provides a development and runtime environment compatible with:

· [R.GX.C.GSF.168] the IBM Power 5+ CPU or higher..

· [R.GX.C.GSF.169] the Sun Ultra Sparc III+ CPU or higher.

· [R.GX.C.GSF.170] the Intel x86 Xeon CPU or newer.

· [R.GX.C.GSF.171] the Intel x86 Pentium 4 CPU or newer.

· [R.GX.C.GSF.172] the AMD Opteron processor or newer.
3.11.2 Operating System and Compiler Support

The offeror shall describe how the product provides libraries that are compatible with:
· [R.GX.C.GSF.173] the IBM Visualage XLC C++ compiler version 8.0 or higher.

· [R.GX.C.GSF.174] the Sun Studio C++ compiler version 11 or higher.

· [R.GX.C.GSF.175] the GCC C++ compiler version 4.1 or higher.   

The offeror shall describe how the product provides a development and runtime environment for:
· [R.GX.C.GSF.176] Sun Solaris version 8.0 or higher.

· [R.GX.C.GSF.177] IBM AIX version 5.3.

· [R.GX.C.GSF.179] Red Hat Enterprise Linux version 4.0 or higher.

3.12 Interfaces

3.12.1 Application Programming Interface and Language Support 

The offeror shall describe how the product provides a Java version 1.5 or later compliant API for; 

· [R.GX.C.GSF.180] defining, accessing, and modifying the command and telemetry definitions.

· [R.GX.C.GSF.181] for accessing and updating sample values.

· [R.GX.C.GSF.182] for initiating and receiving commands..   

3.12.2 Execution of LCS Custom code

3.13 Applicable Standards

3.13.1 NASA Constellation Programmatic Standards

The Constellation program has defined a set of interoperability standards, the command and telemetry product should at a minimum be compliant with the requirements contained in the Command, Control, communication, and information (c3i) interoperability standards book volume 4: Information Representation Specification CxP70022-04 Rev B as referenced in the following sections.

3.13.1.1 Data Types

The offeror shall describe how the product provides support for:
· [R.GX.C.GSF.078] the Scalar Data Types defined in the CxP70022-04 Rev B section 3.1.1 

· [R.GX.C.GSF.079] the String Representations defined in CxP70022-04 Rev B section 3.1.1.1

· [R.GX.C.GSF.080] the Integer Representations defined in CxP70022-04 Rev B section 3.1.1.2

· [R.GX.C.GSF.081] the Digital Pattern Representations defined in CxP70022-04 Rev B section 3.1.1.3

· [R.GX.C.GSF.082] the Floating Point Representations defined in CxP70022-04 Rev B section 3.1.1.4

· [R.GX.C.GSF.083] the Time Representations defined in CxP70022-04 Rev B section 3.1.1.5

· [R.GX.C.GSF.085] the Structured Data Types defined in the CxP70022-04 Rev B section 3.1.2

· [R.GX.C.GSF.086] the Arrays defined in CxP70022-04 Rev B section 3.1.2.1

· [R.GX.C.GSF.087] the Physical Addresses defined in CxP70022-04 Rev B section 3.1.2.2

· [R.GX.C.GSF.088] the Containers defined in CxP70022-04 Rev B section 3.1.2.3

· [R.GX.C.GSF.089] the Sets defined in CxP70022-04 Rev B section 3.1.2.4

3.13.1.2 Units

· [R.GX.C.GSF.090] The offeror shall describe how the product  provides support for the Units defined in the CxP70022-04 Rev B section 3.2 
3.13.1.3 Command and Telemetry Meta-data

The offeror shall describe how the product provides support for:
· [R.GX.C.GSF.091] the Standard Sampling Types defined in the CxP70022-04 Rev B section 3.4.2.1.1 

· [R.GX.C.GSF.092] the Single Sample defined in CxP70022-04 Rev B section 3.4.2.1.1.1

· [R.GX.C.GSF.093] the Multiple Sample defined in CxP70022-04 Rev B section 3.1.1.2

· [R.GX.C.GSF.094] the Data Type Encoding defined in CxP70022-04 Rev B section 3.4.2.2

· [R.GX.C.GSF.095] the Byte Order defined in CxP70022-04 Rev B section 3.4.2.3

· [R.GX.C.GSF.096] the Parameter Calibration defined in CxP70022-04 Rev B section 3.4.2.4

· [R.GX.C.GSF.097] the Polynomial Calibration defined in CxP70022-04 Rev B section 3.4.2.4.1

· [R.GX.C.GSF.098] the Line Segment Calibration defined in the CxP70022-04 Rev B section 3.4.2.4.2

· [R.GX.C.GSF.099] the Enumeration Calibration defined in CxP70022-04 Rev B section 3.4.2.4.3

· [R.GX.C.GSF.100] the Command Metadata defined in CxP70022-04 Rev B section 3.4.3

· [R.GX.C.GSF.101] the Command Packing Metadata defined in CxP70022-04 Rev B section 3.4.3.2

· [R.GX.C.GSF.102] the Command Instance Metadata defined in CxP70022-04 Rev B section 3.4.3.3

· [R.GX.C.GSF.103] the Telemetry Stream Attributes defined in CxP70022-04 Rev B section 3.4.4.1

· [R.GX.C.GSF.104] the Telemetry Parameter Attributes defined in CxP70022-04 Rev B section 3.4.4.2

· [R.GX.C.GSF.105] the Parameter Sampling Attributes defined in CxP70022-04 Rev B section 3.4.4.3

· [R.GX.C.GSF.106] the Telemetry Parameter Alarms defined in CxP70022-04 Rev B section 3.4.4.7

3.13.1.4 Configuration Information

· [R.GX.C.GSF.107] The offeror shall describe how the product provides telemetry and command definition Input Products in an XTCE format according to the XTCE Required Practices in CxP70022-04 Rev B, Appendix I. 
Rationale: The following tables provide a summary of all of the required practices organized by XTCE elements.  These tables include all elements and attributes.  Any element or attribute marked “Not allowed” should not appear in the XTCE file. 

Some element’s sub-elements and attributes are not defined in a separate table.  A period (‘.’) is used to denote a sub-element.  The symbol ‘@’ is used to denote an attribute of an element.
Table I10.1-1 SpaceSystem Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	xsi:schemaLocation
	Required – must be set to “http://www.omg.org/space/xtce SpaceSystemV1.1.xsd”

	xmlns:xtce
	Required – must be set to “http://www.omg.org/space/xtce”

	xmlns:xsi
	Required – must be set to “http://www.w3.org/2001/XMLSchema-instance”

	name
	

	shortDescription
	Optional – up to 64 characters.

	LongDescription
	Optional – up to 1024 characters.

	AliasSet
	Not allowed.

	AncillaryData
	Not allowed.

	Header
	Required for root.  Otherwise optional, see Table <SpaceSystem /Header>

	TelemetryMetaData
	Optional – required only if Telemetry is defined.

	CommandMetaData
	Optional – required only if Commands are defined.

	ServiceSet
	Not allowed.

	SpaceSystem
	Optional – can be used to define hierarchical SpaceSystems.

	
	


Table I10.1-2 SpaceSystem/Header Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	version
	Required - major.minor.micro-release

	date
	Required – format is YYYY-MM-DD

	classification
	Required – must be ‘Public’, ‘NASA’, or ‘Constellation’.

	classificationInstructions
	TBD

	validationStatus
	Required – must be ‘Working’, ‘Draft’, ‘Release’, or ‘Withdrawn’

	AuthorSet
	Required – point of contact for the document.

	NoteSet
	Optional.

	HistorySet
	Optional.

	
	


Table I10.1-3 ParameterTypeSet Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	StringParameterType
	Optional – see Table for <StringParameterType>

	EnumeratedParameterType
	Optional – see Table for <EnumeratedParameterType>

	IntegerParameterType
	Optional – see Table for <IntegerParameterType>

	BinaryParameterType
	Optional – see Table for <BinaryParameterType>

	FloatParameterType
	Optional – see Table for <FloatParameterType>

	BooleanParameterType
	Not allowed.

	RelativeTimeParameterType
	Not allowed.

	AbsoluteTimeParameterType
	Not allowed

	ArrayParameterType
	Not allowed.

	AggregateParameteterType
	Not allowed.

	
	


Table I10.1-4 StringParameterType Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	shortDescription
	Optional – up to 64 characters.

	name
	Required.

	baseType
	Not allowed.

	initialValue
	Optional.

	restrictionPattern
	Not allowed.

	characterWidth
	TBD

	LongDescription
	Optional – up to 1024 characters.

	AliasSet
	Not allowed.

	AncillaryDataSet
	Not allowed.

	UnitSet
	Optional – see Table for <UnitSet>

	BinaryDataEncoding
	Not allowed.

	FloatDataEncoding
	Not allowed.

	IntegerDataEncoding
	Not allowed.

	StringDataEncoding
	Required – see Table for <StringDataEncoding>

	SizeRangeInCharacters
	TBD

	DefaultAlarm
	Not allowed.

	ContextAlarmList
	Not allowed.

	
	


Table I10.1-5 UnitSet Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	Unit
	Contains the unit id defined in CxP70022-04, App F.

	Unit@power
	Not allowed.

	Unit@factor
	Not allowed.

	Unit@description
	Contains the symbol or abbreviated unit from CxP70022-04, App F.

	
	


Table I10.1-6 EnumeratedParameterType Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	shortDescription
	Optional – up to 64 characters.

	name
	Required.

	baseType
	Not allowed.

	initialValue
	Optional.

	LongDescription
	Optional – up to 1024 characters.

	AliasSet
	Not allowed.

	AncillaryDataSet
	Not allowed.

	UnitSet
	Optional – see Table for <UnitSet>

	BinaryDataEncoding
	Not allowed.

	FloatDataEncoding
	Not allowed.

	IntegerDataEncoding
	Required – see Table for <IntegerDataEncoding>, IntegerDataEncoding@encoding must be unsigned.

	StringDataEncoding
	Not allowed.

	EnumerationList
	Required – see Table for <EnumerationList>

	DefaultAlarm
	Optional – see Table for <EnumerationAlarm>

	ContextAlarmList
	Not allowed.

	
	


Table I10.1-7 EnumerationList Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	Enumeration@value 
	The unsigned integer value associated with an enumeration label.

	Enumeration@label
	The string value to associate with an unsigned integer.

	
	


Table I10.1-8 IntegerParameterType Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	shortDescription
	Optional – up to 64 characters.

	name
	Required.

	baseType
	Not allowed.

	validRangeAppliesToCalibrated
	For telemetry parameters, always false.  For command parameters, true or false.

	initialValue
	Optional.

	sizeInBits
	Required.

	signed
	Required to be false if IntegerDataEncoding@encoding is unsigned.  Otherwise, not allowed.

	LongDescription
	Optional – up to 1024 characters.

	AliasSet
	Not allowed.

	AncillaryDataSet
	For telemetery, not allowed.  For commanding, see required practice.

	UnitSet
	Optional – see Table for <UnitSet>

	BinaryDataEncoding
	Not allowed.

	FloatDataEncoding
	Not allowed.

	IntegerDataEncoding
	Required – see Table for <IntegerDataEncoding>

	StringDataEncoding
	Not allowed.

	ToString
	Not allowed.

	ValidRange@minInclusive
	Optional.  Minimum expected value for encoding data.

	ValidRange@maxInclusive
	Optional.  Maximum expected value for encoding data.

	DefaultAlarm
	Optional – see Table for <NumericAlarm>

	ContextAlarmList
	Not allowed.

	
	


Table I10.1-9 BinaryParameterType Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	shortDescription
	Optional – up to 64 characters.

	name
	Required.

	baseType
	Not allowed.

	initialValue
	Optional.

	LongDescription
	Optional – up to 1024 characters.

	AliasSet
	Not allowed.

	AncillaryDataSet
	For telemetery, not allowed.  For commanding, see required practice.

	UnitSet
	Optional – see Table for <UnitSet>

	BinaryDataEncoding
	Required – see Table for <BinaryDataEncoding>

	FloatDataEncoding
	Not allowed.

	IntegerDataEncoding
	Not allowed.

	StringDataEncoding
	Not allowed.

	DefaultAlarm
	Not allowed.

	ContextAlarmList
	Not allowed.

	
	


Table I10.1-10 FloatParameterType Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	shortDescription
	Optional – up to 64 characters.

	name
	Required.

	baseType
	Not allowed.

	validRangeAppliesToCalibrated
	For telemetry parameters, always false.  For command parameters, true or false.

	initialValue
	Optional.

	sizeInBits
	Required.

	LongDescription
	Optional – up to 1024 characters.

	AliasSet
	Not allowed.

	AncillaryDataSet
	For telemetery, not allowed.  For commanding, see required practice.

	UnitSet
	Optional – see Table for <UnitSet>

	BinaryDataEncoding
	Not allowed.

	FloatDataEncoding
	Required – see Table for <FloatDataEncoding>

	IntegerDataEncoding
	Not allowed.

	StringDataEncoding
	Not allowed.

	ToString
	Not allowed.

	ValidRange@minInclusive
	Optional.  Minimum expected value for encoding data.

	ValidRange@maxInclusive
	Optional.  Maximum expected value for encoding data.

	DefaultAlarm
	Optional – see Table for <NumericAlarm>

	ContextAlarmList
	Not allowed.

	
	


Table I10.1-11 StringDataEncoding Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	bitOrder
	Use default, omit.

	encoding
	UTF-8 or UTF-16

	ErrorDetectCorrect
	Not allowed.

	ByteOrderList
	Use default, omit.

	SizeInBits
	Required – element Fixed.FixedValue set to size in bits.

	
	


Table I10.1-12 FloatDataEncoding Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	bitOrder
	Use default, omit.

	encoding
	Use default, omit.

	sizeInBits
	Required.  32 or 64

	ErrorDetectCorrect
	Not allowed.

	ByteOrderList
	Use default, omit.

	DefaultCalibrator
	Optional.  See Table for <Calibrator>

	ContextCalibratorList
	Not allowed.

	
	


Table I10.1-13 IntegerDataEncoding Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	bitOrder
	Use default, omit.

	encoding
	For signed integers set to twosCompliment.  Otherwise, default of unsigned is used and attribute is omitted.

	sizeInBits
	Required – up to 64 bits.

	ErrorDetectCorrect
	Not allowed.

	ByteOrderList
	Use default, omit.

	DefaultCalibrator
	Optional.  See Table for <Calibrator>

	ContextCalibratorList
	Not allowed.

	
	


Table I10.1-14 BinaryDataEncoding Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	bitOrder
	Use default, omit.

	ErrorDetectCorrect
	Not allowed.

	ByteOrderList
	Use default, omit.

	SizeInBits
	Required – element Fixed.FixedValue set to size in bits.

	FromBinaryTransformAlgorithm
	Not allowed.

	ToBinaryTransformAlgorithm
	Not allowed.

	
	


Table I10.1-15 Calibrator Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	shortDescription
	

	name
	Not allowed.

	LongDescription
	

	AliasSet
	Not allowed.

	AncillaryData
	Not allowed.

	SplineCalibrator
	Optional – see Table for <SplineCalibrator>

	PolynomialCalibrator
	Optional – see Table for <PolynomialCalibrator>

	MathOperationCalibrator
	Not allowed.

	
	


Table I10.1-16 SplineCalibrator Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	order
	Use default, omit.

	extrapolate
	Use default, omit.

	SplinePoint@order
	Set to 0 for forward points, set to 1 for inverse points.

	SplinePoint@raw
	Input value for the point.

	SplinePoint@calibrated
	Output value for the point.

	
	


Table I10.1-17 PolynomialCalibrator Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	Term@coefficient
	Floating point value.

	Term@exponent
	Integer value between 0 and 7 inclusive.

	
	


Table I10.1-18 EnumerationAlarm Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	minViolation
	Use default, omit.

	defaultAlarmLevel
	Use default, omit.

	AlarmConditions
	Not allowed.

	CustomAlarm
	Not allowed.

	EnumerationAlarmList
	EnumerationAlarm@alarmLevel – must be normal, watch, warning, critical, or severe.

EnumerationAlarm@enumerationValue – integer value associated with alarm.

	
	


Table I10.1-19 NumericAlarm Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	minViolation
	

	AlarmConditions
	Not allowed.

	CustomAlarm
	For inside alarms, not allowed.  For outside alarms, set CustomAlarm@name to ‘OutsideAlarm’.  No other attributes or elements allowed.

	StaticAlarmRanges
	Optional – see Table for <Inside StaticAlarmRanges>X or <Outside StaticAlarmRanges>

	ChangeAlarmRanges
	Optional – see Table for <ChangeAlarmRanges>

	
	


Table I10.1-20 Inside StaticAlarmRAnges Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	WatchRange@minInclusive
	Optional.

	WatchRange@minExclusive
	Not allowed.

	WatchRange@maxInclusive
	Optional.

	WatchRange@maxExclusive
	Not allowed.

	WarningRange@minInclusive
	Optional.

	WarningRange@minExclusive
	Not allowed.

	WarningRange@maxInclusive
	Optional.

	WarningRange@maxExclusive
	Not allowed.

	DistressRange
	Not allowed.

	CriticalRange@minInclusive
	Optional.

	CriticalRange@minExclusive
	Not allowed.

	CriticalRange@maxInclusive
	Optional.

	CriticalRange@maxExclusive
	Not allowed.

	SevereRange@minInclusive
	Optional.

	SevereRange@minExclusive
	Not allowed.

	SevereRange@maxInclusive
	Optional.

	SevereRange@maxExclusive
	Not allowed.

	
	


Table I10.1-21 Outside StaticAlarmRAnges Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	WatchRange@minInclusive
	Optional.

	WatchRange@minExclusive
	Not allowed.

	WatchRange@maxInclusive
	Optional.

	WatchRange@maxExclusive
	Not allowed.

	WarningRange@minInclusive
	Optional.

	WarningRange@minExclusive
	Not allowed.

	WarningRange@maxInclusive
	Optional.

	WarningRange@maxExclusive
	Not allowed.

	DistressRange
	Not allowed.

	CriticalRange@minInclusive
	Optional.

	CriticalRange@minExclusive
	Not allowed.

	CriticalRange@maxInclusive
	Optional.

	CriticalRange@maxExclusive
	Not allowed.

	SevereRange@minInclusive
	Optional.

	SevereRange@minExclusive
	Not allowed.

	SevereRange@maxInclusive
	Optional.

	SevereRange@maxExclusive
	Not allowed.

	
	


Table I10.1-22 ChangeAlarmRanges Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	changeType
	Required to be set to changePerSample.

	changeBasis
	Use default, omit.

	spanOfInterestInSamples
	Use default, omit.

	spanOfInterestInSeconds
	Not allowed.

	WatchRange
	Not allowed.

	WarningRange
	Not allowed.

	DistressRange
	Not allowed.

	CriticalRange
	Not allowed.

	SevereRange@minInclusive
	Optional.  If specified, value must be negative

	SevereRange@minExclusive
	Not allowed.

	SevereRange@maxInclusive
	Optional.  If specified, value must be positive.

	SevereRange@maxExclusive
	Not allowed.

	
	


Table I10.1-23 Parameter Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	name
	Required - CxCUI

	shortDescription
	Optional – up to 64 characters.

	parameterTypeRef
	

	initialValue
	

	LongDescription
	Optional – up to 1024 characters.

	AliasSet
	Not allowed.

	AncillaryDataSet
	Optional.  See required practice.

	
	


Table I10.1-24 SequenceContainer Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	name
	Required – If a packet, CxCUI.  Otherwise, user defined.

	shortDescription
	Optional – up to 64 characters.

	abstract
	Required – set to true for GenericDEMTelemetryPacket.  Otherwise, false.

	idlePattern
	Not allowed.

	LongDescription
	Optional – up to 1024 characters.

	AliasSet
	Not allowed.

	AncillaryDataSet
	Required for containers holding complete packet definitions.  Otherwise, not allowed.

	DefaultRateInStream
	Not allowed.

	RateInStreamSet
	Not allowed.

	BinaryEncoding
	Only SizeInBits.FixedValue used to indicate packet length.

	EntryList
	Required – See Table for <Telemetry EntryList>

	BaseContainer
	Required – See Table for <Telemetry BaseContainer>

	
	


Table I10.1-25 Telemetry EntryList Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	ParameterRefEntry
	Optional – See Table for <Telemetry ParameterRefEntry>

	ParameterSegmentRefEntry
	Not allowed.

	ContainerRefEntry
	Not allowed.

	ContainerSegmentRefEntry
	Not allowed.

	StreamSegmentRefEntry
	Not allowed.

	IndirectParameterRefEntry
	Not allowed.

	ArrayParameterRefEntry
	Not allowed.

	
	


Table I10.1-26 Telemetry ParameterRefEntry Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	parameterRef
	Required

	LocationInContainerInBits
	Not allowed for the Generic DEM Header Container.  Otherwise, required.

	RepeatEntry
	If single sampled data, not allowed.  Otherwise, required.

	IncludeCondition
	Used only in the Generic DEM Header Container.  Otherwise, not allowed.

	
	


Table I10.1-28 Telemetry BaseContainer Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	containerRef
	Required

	RestrictionCriteria
	Required.

	
	


Table I10.1-29 MetaCommand Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	name
	Required – CxCUI

	shortDescription
	Optional – up to 64 characters.

	abstract
	Set to true for Generic DEM Command Header.  Otherwise, omit.

	LongDescription
	Optional – up to 1024 characters.

	AliasSet
	Not allowed.

	AncillaryDataSet
	

	BaseMetaCommand
	

	SystemName
	Not allowed.

	ArgumentList
	Optional – see Table for <ArgumentList>

	CommandContainer
	Required – see Table for <CommandContainer>

	TransmissionConstraintList
	Not allowed.

	DefaultSignificance
	Not allowed.

	ContextSignificanceList
	Not allowed.

	Interlock
	Not allowed.

	VerifierSet
	Optional – see Table for <VerifierSet>

	ParameterToSetList
	Not allowed.

	ParametersToSuspendAlarmsOnSet
	Not allowed.

	
	



NOTE - Next table ArgumentList.Arugment

Table I10.1-30 ArgumentList Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	shortDescription
	Optional – up to 64 characters.

	name
	Required – CxCUI

	argumentTypeRef
	Required

	initialValue
	Optional

	LongDescription
	Optional – up to 1024 characters.

	AliasSet
	Not allowed.

	AncillaryDataSet
	Not allowed.

	
	


Table I10.1-31 CommandContainer Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	name
	

	shortDescription
	Optional – up to 64 characters.

	LongDescription
	Optional – up to 1024 characters.

	AliasSet
	Not allowed.

	AncillaryDataSet
	Not allowed.

	DefaultRateInStream
	Not allowed.

	RateInStreamSet
	Not allowed.

	BinaryEncoding
	Not allowed.

	EntryList
	Required – See Table for <Command EntryList>

	BaseContainer
	Optional – See Table for <Command BaseContainer>

	
	


Table I10.1-32 Command EntryList Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	ParameterRefEntry
	Optional – See Table for <Command ParameterRefEntry>

	ParameterSegmentRefEntry
	Not allowed.

	ContainerRefEntry
	Not allowed.

	ContainerSegmentRefEntry
	Not allowed.

	StreamSegmentRefEntry
	Not allowed.

	IndirectParameterRefEntry
	Not allowed.

	ArrayParameterRefEntry
	Not allowed.

	ArgumentRefEntry
	Optional – See Table for <Command ArgumentRefEntry>

	ArrayArgumentRefEntry
	Not allowed.

	FixedValueEntry
	Optional – See Table for <Command FixedValueEntry>

	
	


Table I10.1-33 Command ParameterRefEntry Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	parameterRef
	Required.

	LocationInContainerInBits
	Required.

	RepeatEntry
	Not allowed.

	IncludeCondition
	Not allowed.

	
	


Table I10.1-35 Command ArgumentRefEntry Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	argumentRef
	Required.

	LocationInContainerInBits
	Required.

	RepeatEntry
	Not allowed.

	IncludeCondition
	Not allowed.

	
	


Table I10.1-36 Command FixedValueEntry Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	binaryValue
	Required.

	sizeInBits
	Required.

	LocationInContainerInBits
	Required.

	RepeatEntry
	Not allowed.

	IncludeCondition
	Not allowed.

	
	


Table I10.1-37 Command BaseContainer Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	containerRef
	Required.

	RestrictionCriteria
	Required.

	
	


Table I10.1-38 VeriFIERSet Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	TransferredToRangeVerifier
	Not allowed.

	SentFromRangeVerifier
	Not allowed.

	ReceivedVerifier
	Not allowed.

	AcceptedVerifier
	Not allowed.

	QueuedVerifier
	Not allowed.

	ExecutionVerfier
	Not allowed.

	CompleteVerifier
	Optional – See Table for <CompleteVerifier>

	FailedVerifier
	Not allowed.

	
	


Table I10.1-39 CompleteVerifier Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	name
	Optional.

	shortDescription
	Optional – up to 64 characters.

	LongDescription
	Optional – up to 1024 characters.

	AliasSet
	Not allowed.

	AncillaryDataSet
	Not allowed.

	ComparisonList
	

	ContainerRef
	Not allowed.

	ParameterValueChange
	Not allowed.

	CustomAlgorithm
	Not allowed.

	BooleanExpression
	Not allowed.

	Comparison
	Not allowed.

	CheckWindow
	

	CheckWindowAlgorithms
	Not allowed.

	ReturnParamRef
	Not allowed.

	
	


Table I10.1-40 BlockMetaCommand Required Practices

	XTCEAttribute or child Element
	Require Practice Summary

	name
	Required.

	shortDescription
	Optional – up to 64 characters.

	LongDescription
	Optional – up to 1024 characters.

	AliasSet
	Not allowed.

	AncillaryDataSet
	Not allowed.

	MetaCommandStepList
	

	--MetaCommandStep
	

	----metaCommandRef
	

	----ArgumentList
	

	------Argument
	

	--------name
	

	--------value
	


Verify this is the correct version before use.
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