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Purpose of this Research
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§ Create a system for managing command and telemetry
parameters in an Electronic Interface Control Document
(elCD) to ensure better coherence between flight and ground
systems

§ Develop software that uses the elCD in a data-driven fashion
to automate software generation and operation within flight
and ground systems

§ Show how COTS based tools can be leveraged by flight
system, ground system, and analysis teams to process the
elCD and improve data sharing

§ Demonstrate representative flight and ground system
software using an elCD and associated tools
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Key Terms
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Payload Parameters i Artifacts that define command and telemetry values within payload hardware
interfaces and applications

XML 1 Extensible Markup Language (XML) is a markup language that defines a set of rules for
encoding documents in a format which is both human-readable and machine-readable

XML Schema i A language for expressing constraints about XML documents
Binary XML T A compact representation of ASCII XML data in a binary form

XTCE i XML Telemetric and Command Exchange (XTCE) is an XML schema standard for space
systems that is managed by OMG and CCSDS

XML Data Binding i The process of creating a software data objects from an XML document based
on a specific XML schema

Data Model i The software object model created as a result of the XML data binding process

Data Objects i Data model objects accessible to software applications in a specific programming
language

Binary Serialization i The process of creating a serialized encoded data stream from a data model
Encoding Format i Electronic format used in binary serialization process

Decoding Format i Electronic format used in the binary deserialization process

Metadata 1 Additional data provided with data values that describes it (size, type, é )

Electronic ICD i An Electronic Interface Control Document (elCD) is an electronic file that defines
payload parameters for use by software applications
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> What is an Electronic ICD? s

Command and Telemetry A compiler used the Config File to
parameters were defined in an generate data structures for storing
parameters within the flight code

ASCI 1 fi |l €ontggHilleetio a
A \ CVPP
EE Compiler
SDP 3 Subsystem PE -
0x48 Table 123 for SDP 3
0x1234 Field Frame Rate
0x4321 Field Enable Output
OxDEAD Field Enable Framing
OxBEEF
> Subsys.tem SE
iEE Table 456 for SVO 14
=E Azimuth 256 Temp
Dl ARS 0 Timeout
0x1111
Ox2222
0x3333 /)
OxAA55
F“ght and GI‘OUI‘]_d software The ground system parsed the Config File
used the elCD directly and upon startup and dynamically generated
became Atightll|y clo(FgPTawggdgelemetrydisplays
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The New Electronic ICD
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| Welcome Hunt,Richard D.
You are editing: GBDPrime- 04_07_2015.xml

Complete fields and click "Update” to re-generate the xml source.
Table Type: RSOH_BDASyncHeader  + Table Humber: BDA_RSOH +
| = Create New Empty File

| #  Load File From Server

| #  Upload File From Deskiop
i Save In-Progress File to Server As..

= Download In-Progress Fie to Desktop Parameter List
= Generate elCD PDF Hame Type
Red+1_S5Voltage Unsigned8BitintegerType  Delete ~
Red+1_8Voltage UnsignedBBitintegerType  Delete £ First
Red+3_3Voltage UnsignedBBitintegerType  Delete - Up
Red+5\oltage Unsigned&BitintegerType Delets . Down
Red+5BufferVoltage Unsigned@BitintegerType Delets 1. Last
GPP_CommandAcknowledgment &3 Black+1_5\Voltage Unsigned&BitintegerType Delete =
BDA_RSOH a d u i
EMP_RSOH [x] '] rder:
HRS_RSOH a .
GPP-S_RSOH ) - Comments |
SIGHTS_RSOH o Comments:
. Add Telemetry Table . View/Add Param Types I
U G ]
$5700 Software Development Team m

8§ Uses XML with the XTCE Schema to define command and
telemetry parameters

§ Uses XML Data Binding tools to allow software to use the
parameters in a Data-Driven fashion

§ Operates through a web based interface to provide convenient
management of content

Q=
- . ationa
Unclassified U_nSI|_m|ted Release Laoratories



Unclassified Unlimited Release TN AL =)

\ XML and XTCE ALl

§ Extensible Markup Language (XML) is a markup language that
defines a set of rules for encoding documents in a format which
IS both human-readable and machine-readable

AXML 1.0 was first published in 1998

AA textual data format that was designed for simplicity, generality and
usability across the internet
- Open standard for defining electronic documents (e.g. MS Office)

- Plethora of COTS tools for processing XML data

§ XML Telemetric and Command Exchange (XTCE) is both a
CCSDS and OMG standard schema

AXTCE 1.0 was first published in 2005; XTCE 1.2 is coming soon

A Dictionary exchange standard oriented towards space mission
operations which describes properties including:
- Commands, arguments, and other aspects of commanding
- Telemetry, mnemonics, limits and calibrators
- Packaging: such as packets or major/minor frames

- And so forth

‘o .. ationa
Unclassified Unlimited Release Laboratories

-6-



Unclassified Unlimited Release

XTCE Hierarchy Example
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NameDescriptionType

name : NameType

SpaceSystemType

Header : HeaderType [0..1]
TelemetryMetaData : TelemetryMetaDataType [0..1]
—|CommandMetaData : CommandMetaDataType [0..1]
ServiceSet: ServiceSetType [0.1]

SpaceSystem_ref: SpaceSystemy1.1.xsd [0..7]

HeaderType

AuthorSet : AuthorSetType [0..1]
NoteSet : NoteSetType [0..1]

version : string
date : string
classification : string

HistorySet : HistorySetType [0..1]
validationStatus : validationStatusType

classificationinstructions : string

ServiceSetType
Service : SenviceType [1.7]

TelemetryMetaDataType

ParameterTypeSet : ParameterTypeSetType [0..1]
ParameterSet | ParameterSetType [0..1]
ContainerSet : ContainerSetType [0..1]
MessageSet: MessageSetType [0.1]

StreamSet : StreamSefType [0..1]

AlgorithmSet : AlgorithmSefType [0..1]

CommandMetaDataType

P

terTypeSet : Sp

0

Type [0.1]

ParameterSet : ParameterSetType [0.1]

ArgumentTypeSet : ArgumentTypeSetType [0..1]
MetaCommandSet : MetaCommandSefType
CommandContainerSet: CommandContainerSetType [0..1]
StreamSet : StreamSetType [0..1]

AlgorithmSet : AlgorithmSetType [0..1]
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ParameterSetType

{maxOccurs = unbounded}

Parameter : ParameterType

ParameterRef : ParameterRefType

ContainerSetType

{maxOccurs = unbounded}

SeguenceContainer : SequenceContainerType

| ParameterTypeSetType

|stringParameterType : StringParameterType
EnumeratedParameterType : EnumeratedParameterType
IntegerParameterType : IntegerParameterType
BinaryParameterType : BinaryParameterType
FloatParameterType : FloatParameterType

BooleanP: Type ameterType
RelativeTimeParameterType : RelativeTimeParameterType
AbsoluteTimeParameterType : AbsoluteTimeDataType
ArrayParameterType : ArrayDataTypeType
AggregateParameterType : AggregateDataType

oh
AlgorithmSetType MessageSetType
{mixed = false, =
maxOccurs = } - Type [1.7]
name : string
CustomAlgorithm : InputOutputTriggerAlgorithmType
MathAlgorithm : MathAlgorithmType
o
StreamSetType
{maxOccurs = unbounded}
FixedFrarr . FixedFrar Type
i VariableF nType
CustomStream : CustomStreamType

§ Provides containers for organizing
parameters into packets or frames

8§ Provides metadata for defining
command and telemetry

parameters

CommandMetaDataType

MetaCommandSet
{maxOccurs = unbounded}

ParameterSetType
{maxOccurs = unbounded}

BlockMetaCommand : BlockMetaCommand
MetaCommand : MetaCommandType
ArgumentNamekey

MetaCommandRef : NameReferenceType

e—o

Parameter : Parameter
ParameterRef: ParameterRefType

StreamSetType
{maxOccurs = unbounded}

AlgorithmSetType
{mixed = false,
maxOceurs = unbounded}

FixedFrameStream : FixedFrameStreamType
VariableFrameStream : VariableFrameStreamType
CustomStream : CustomStreamType

CustomaAlgorithm : InputOutpuiTriggerAlgorithmType

FloatArgumentType : FloatArgumentType
StringArgumentType : StringDataType
EnumeratedArgumentType : EnumeratedDataType
BinaryArgumentType : BinaryDataType
BooleanArgumentType : BooleanDataType
RelativeTimeAgumen{Type : RelativeTimeDataType
AbsoluteTimeArgumentType : AbsoluteTimeDataType
ArrayArgumentType . ArrayDataTypeType
AgoregateArgumentType : AggregateDataType

MathAlgorithm : MathAlgorithmType CommandContainerSetType
Co : Type [1.%]
ArgumentTypeSetType ParameterTypeSetType
{maxOccurs = unbounded} {maxOccurs = unbounded}
IntegerArgumentType : IntegerArgumentType StringP Type : StringF IType

EnumeratedParameterType | EnumeratedParameterType
IntegerParameterType : IntegerParameterType
BinaryParameterType : BinaryParameterType
FloatParameterType : FloatParameterType
BooleanParameterType : BooleanParameterType

RelativeTimeParameterType : RelativeTimeParameterType

AbsoluteTimeParameterType : AbsoluteTimeDataType
ArrayParameterType . ArrayDataTypeType
AggregateParameterType : AggregateDataType
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}- XML Data Binding

§ Process of generating software data objects in computer
memory from XML data

§ XML data binding tools (http://xmildatabinding.org/)

AProvide parsing, serialization/deserialization, and validation
functions

A Support many common programming languages
- C++1 Code Synthesis XSD
- Javai Java Architecture for XML Binding (JAXB)

ASupport a variety of workstation and embedded operating
systems

- Unix, Windows, VxWorks, e
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