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STATEMENT OF INTENT  

(WHEN THIS RECOMMENDED PRACTICE IS FINALIZED, IT WILL CONTAIN 
THE FOLLOWING STATEMENT OF INTENT:) 

The Consultative Committee for Space Data Systems (CCSDS) is an organization officially 
established by the management of its members. The Committee meets periodically to address 
data systems problems that are common to all participants, and to formulate sound technical 
solutions to these problems. Inasmuch as participation in the CCSDS is completely 
voluntary, the results of Committee actions are termed Recommendations and are not in 
themselves considered binding on any Agency. 

CCSDS Recommendations take two forms: Recommended Standards that are prescriptive 
and are the formal vehicles by which CCSDS Agencies create the standards that specify how 
elements of their space mission support infrastructure shall operate and interoperate with 
others; and Recommended Practices that are more descriptive in nature and are intended to 
provide general guidance about how to approach a particular problem associated with space 
mission support. This Recommended Practice is issued by, and represents the consensus of, 
the CCSDS members.  Endorsement of this Recommended Practice is entirely voluntary 
and does not imply a commitment by any Agency or organization to implement its 
recommendations in a prescriptive sense. 

No later than five years from its date of issuance, this Recommended Practice will be 
reviewed by the CCSDS to determine whether it should: (1) remain in effect without change; 
(2) be changed to reflect the impact of new technologies, new requirements, or new 
directions; or (3) be retired or canceled. 

In those instances when a new version of a Recommended Practice is issued, existing 
CCSDS-related member Practices and implementations are not negated or deemed to be non-
CCSDS compatible. It is the responsibility of each member to determine when such Practices 
or implementations are to be modified.  Each member is, however, strongly encouraged to 
direct planning for its new Practices and implementations towards the later version of the 
Recommended Practice. 
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FOREWORD 

This document is a technical Recommended Practice for use in developing flight and ground 
systems for space missions and has been prepared by the Consultative Committee for Space 
Data Systems (CCSDS). The Dictionary of Terms described herein is intended for missions 
that are cross-supported between Agencies of the CCSDS, in the framework of the Spacecraft 
Onboard Interface Services (SOIS) CCSDS area. 

This Recommended Practice specifies a dictionary of terms to be used as a vocabulary in 
electronic data sheets which describe components that communicate within a spacecraft 
network.  The data sheets are for use by tool chains in the design, assembly, integration, 
testing, and operation of space missions. The SOIS Dictionary of Terms provides a common 
vocabulary regardless of the particular tool chain being used. 

Through the process of normal evolution, it is expected that expansion, deletion, or 
modification of this document may occur.  This Recommended Practice is therefore subject 
to CCSDS document management and change control procedures, which are defined in the 
Organization and Processes for the Consultative Committee for Space Data Systems 
(CCSDS A02.1-Y-4).  Current versions of CCSDS documents are maintained at the CCSDS 
Web site: 

http://www.ccsds.org/ 

Questions relating to the contents or status of this document should be sent to the CCSDS 
Secretariat at the email address indicated on page i. 
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PREFACE 

This document is a draft CCSDS Recommended Practice.  Its ‘Red Book’ status indicates that 
the CCSDS believes the document to be technically mature and has released it for formal 
review by appropriate technical organizations.  As such, its technical contents are not stable, 
and several iterations of it may occur in response to comments received during the review 
process. 

Implementers are cautioned not to fabricate any final equipment in accordance with this 
document’s technical content. 

Recipients of this draft are invited to submit, with their comments, notification of any 
relevant patent rights of which they are aware and to provide supporting documentation. 
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1 INTRODUCTION 

1.1 PURPOSE AND SCOPE OF THIS DOCUMENT 

This document is one of a family of documents specifying the Spacecraft Onboard Interface 
Services (SOIS)-compliant services to be provided in support of applications. 

This document defines the SOIS Specification for Dictionary of Terms (DoT) for Electronic 
Data Sheets (EDSes) for Onboard Components. The SOIS DoT provides the vocabulary for 
electronically defining the interfaces offered by flight components such as sensors, actuators, 
and software components.  This document describes the basic format of the vocabulary, 
while a publication on SANA contains the actual normative details of the vocabulary. 

This edition describes the structure of vocabulary for description of data interfaces including 
functional interfaces and protocols used to access the data interfaces.  This edition also 
describes how to continue to gather vocabulary from subject matter experts for publication 
through SANA. 

1.2 APPLICABILITY 

This document applies to any mission or equipment claiming to provide CCSDS SOIS EDS 
for Onboard Components.  The terms in the SANA publication have been collected from 
subject matter experts, representing engineering knowledge that applies not only in SOIS but 
also in other architectures of space data systems. 

1.3 RATIONALE 

SOIS provides a DoT specification facilitating toolchain compatibility and optional 
portability of components amongst systems implementing interfaces defined by SOIS EDS. 

1.4 DOCUMENT STRUCTURE 

This document has the following major sections: 

– Section 1, this section, contains administrative information, definitions, and references. 

– Section 2 provides an overview of the DoT for EDS and maintenance procedures. 

– Section 3 provides a normative description of the structure of the ontology. 

In addition, the following annexes are provided: 

– Annex A comprises an Implementation Conformance Statement (ICS) Proforma. 

– Annex B discusses security considerations. 

– Annex C contains a list of acronyms. 
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– Annex D contains a list of informative references. 

– Annex E provides for illustrative purposes example fragments of SOIS EDS. 

1.5 TERMS DEFINED IN THIS RECOMMENDED PRACTICE 

For the purposes of this Recommended Practice, the following definitions apply: 

actuator: A part of a device that transfers action from an application to the physical world 
(see transducer). 

application: An algorithm that applies SOIS services to accomplish the goals of a mission. 

component: A logical element of a system accessed through defined communication 
interfaces.  May be purely conceptual or realized in software or hardware (e.g., as a field-
programmable gate array). 

coordinate system: A frame for measurement of physical quantities, which may have one or 
more dimensions. 

device abstraction control procedure, DACP: The control procedure that provides the 
abstraction of a device-specific access protocol to a functional interface. This may involve, 
for example, the application of calibrations to raw values provided by the device or 
combination of multiple raw values to determine a derived value in SI units. 

Device Access Service, DAS: The aggregation of the device-specific access protocols for 
each onboard device. 

Device Virtualization Service, DVS:  The aggregation of device abstraction control 
procedures for onboard devices. 

device: A physical element of a system accessed through subnetwork-layer interfaces (see 
reference [D2]). 

device-specific access protocol, DSAP: The protocol that makes use of a subnetwork 
service to command and/or acquire data from a device. This is specific to each device as no 
standardization of access protocols at the device level exists. 

dictionary of terms, DoT: Ontology of terms used to describe data in interfaces in 
Electronic Data Sheets (see reference [D2]). 

electronic data sheet, EDS:   Electronic description of some details of a device, software 
component or standard.  Unless qualified with the acronym ‘SOIS’, this term is general, 
referring to any machine-readable data sheet (see SOIS Electronic Data Sheet). 

glossary: A collection of terms with brief informal explanations of their usage in a particular 
document. 
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model of operation: A representation of the parts of a device and their relations, and 
optionally objects outside the device, any of which can be referenced by semantic attributes 
in a SOIS Electronic Data Sheet (see 2.7.4). 

ontology: A collection of descriptions of entities, named by terms, and relationships among those 
entities (see 2.7).  The information in a glossary is a subset of the information in an ontology. 

path expression:  A string used in referential semantics to identify a part in a model of 
operation.  The string is delimited by ‘.’ and consists of alternating names of object relations 
and names of classes or individuals in the model of operations.  The concept is similar to an 
XPath expression, but the graph to be traversed is not XML document syntax; instead it is the 
graph of relations among classes in the ontology (see 2.7.4.3 for examples). 

portability: The capability of a component to be integrated into an assembly without change 
either to the component or to the assembly interfaces.  Portability requires that the definitions of 
interfaces be consistent across all systems to which they may be ported.  Consistency requires 
that the terms used to define an interface are defined in the DoT (see toolchain compatibility). 

referential class: A class in the DoT ontology that relates an item of data to a part of a model 
of operation, as part of the description of an item of data in an interface. 

SANA DoT: The normative DoT published in the SANA Web site. 

semantic attribute:  A property of an item of data, such as reference frame or unit of measure. 

sensor: A part of a device that transfers data from the physical world to an application (see 
transducer). 

SOIS Electronic Data Sheet(s), SEDS: Electronic description of a device’s metadata, 
device-specific functional and access interfaces, device-specific access protocol, and, 
optionally, device abstraction control procedure (reference [D2]), compliant with SOIS 
standards (see electronic data sheet). 

syntactic attribute:  A property of an item of data that describes encoding the data for 
communication.  An example of syntactic attribute is the choice of interpretation of bits as an 
integer or as a floating-point number (reference [D2]). 

term:  A word or phrase that has a formally defined interpretation in a particular context of 
usage.  The terms in the SOIS DoT are defined in the context of describing spacecraft 
components in SEDS. 

toolchain compatibility: The capability of a component to be integrated into an assembly using 
an automated process that can generate any needed interface transformation (see portability). 

transducer: A measurement probe in a sensor; the active part of an actuator.  A transducer is 
the part of a device that has a coordinate system for measurement or for action. 
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type: A conceptual class that is defined in an EDS.  The instances of a type share the 
attributes that define the type.  The syntactic attributes are defined in the SEDS schema.  The 
semantic attributes are defined in the DoT. 

user-defined DoT: A non-portable extension to the SANA DoT used within a project. 

value: A formatted instance of data that is acquired from or used as a command to a component. 

vocabulary: A collection of terms used as common knowledge in some context.  In this 
document, a vocabulary is the same as an ontology (see 2.7). 

1.6 NOMENCLATURE 

1.6.1 NORMATIVE TEXT 

The following conventions apply for the normative specifications in this Recommended Practice: 

a) the words ‘shall’ and ‘must’ imply a binding and verifiable specification; 

b) the word ‘should’ implies an optional, but desirable, specification; 

c) the word ‘may’ implies an optional specification; 

d) the words ‘is’, ‘are’, and ‘will’ imply statements of fact. 

NOTE – These conventions do not imply constraints on diction in text that is clearly 
informative in nature. 

1.6.2 INFORMATIVE TEXT 

In the normative sections of this document, informative text is set off from the normative 
specifications either in notes or under one of the following subsection headings: 

– Overview; 

– Background; 

– Rationale; 

– Discussion. 

1.7 REFERENCES 

The following publications contain provisions which, through reference in this text, constitute 
provisions of this document.  At the time of publication, the editions indicated were valid.  All 
publications are subject to revision, and users of this document are encouraged to investigate 
the possibility of applying the most recent editions of the publications indicated below.  The 
CCSDS Secretariat maintains a register of currently valid CCSDS publications. 
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2 OVERVIEW 

2.1 INTRODUCTION 

The SOIS DoT provides definitions of terms that are used in SEDS.  This section is a brief 
overview of the relationship between DoT and SEDS, arranged in the following topics: 

– the subject matter of SEDS; 

– using and storing SEDS; 

– the mechanism that associates DoT content with SEDS content; 

– pre-existing standards applied in this document; 

– the content of the DoT; 

– how the DoT relates to SEDS metadata; 

– how to maintain the DoT. 

Figure 2-1 is a map of the major artefacts for DoT and SEDS and the relationships among 
them. The topics this document focuses on are high-lighted in blue. 
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Figure 2-1:  Major Concepts of This Book, and Their Relationships 
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A SEDS specifies access to an onboard device or software component using SOIS standards. 
The XML schema used to validate such a datasheet is defined in two parts: 

– the SEDS schema is fixed and described in reference [1]; 

– the DoT attribute schema is extensible, and comes from combining the standard DoT, 
and optionally a user-defined DoT, as described in this document. 

2.2 THE SUBJECT MATTER OF ELECTRONIC DATA SHEETS 

The SEDS are defined within the context of the overall SOIS architecture (see reference [D2]).  
Figure 2-2 shows how SEDS describe data interfaces at various points in a spacecraft data 
system.  Devices appear on the left side, with increasing degrees of aggregation of data 
interfaces in moving to the right side of the diagram. 
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Figure 2-2:  SEDS Describe Data Interfaces in a Spacecraft 
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A SEDS describes the format of information in a data interface for an onboard device 
accessed using the Packet, Memory Access, and Synchronization Services of the Subnetwork 
Layer, as illustrated in figure 2-3. 
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Figure 2-3: Described by SEDS 

The Subnetwork Layer provides standard services mapped onto subnetwork-specific 
protocols to send and receive discrete packets (reference [7]), access remote memory 
(reference [8]), synchronize with the subnetwork (reference [9]), and discover and test 
devices on the subnetwork (references [10] and [11], respectively). 

Some aspects of a device data interface may correspond to standardized protocols directly 
usable at the Application Layer.  The remainder is specified by the SEDS for that device.  
This captures all device-specific aspects, including those specified at some other level of 
commonality (e.g., agency, company, product line). 

The interfaces defined in a datasheet may be used in the specification or implementation of 
applications and Application Support Layer services. 

2.3 PURPOSE AND FUNCTION OF SOIS ELECTRONIC DATA SHEETS 

When a manufacturer produces a component, it can provide information about the usage of 
the component in the form of a SEDS.  By using a structured document, which is accessible 
to algorithms, a manufacturer facilitates the integration of its product into a space system.  A 
space agency can use its own toolchain to assure successful adaptation of the component, 
given the SEDS for the component. 

A SEDS is intended to be a machine-interpretable mechanism for describing devices which 
may be accessed using the SOIS DAS and DVS. The SEDS is intended, in its fullest form, to 
replace the traditional user manuals, specifications, and data sheets that accompany a device 
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and are necessary to determine the operation of the device and how to communicate with it.  
The function and syntax of SEDS is described in reference [1].  The DoT provides the formal 
vocabulary for SEDS, enabling the functions listed below.  The indexes and other functions 
mentioned in the list are not specified by this document; rather, they are phenomena that are 
expected to develop as engineers and entrepreneurs write software to exploit the machine-
readable information that will be available in SEDS.  Prior to SEDS technology, information 
about quantities, units, dimensions, values, provenance, and usage of data was informal and 
therefore inaccessible for these functions.  A more complete discussion of these use cases 
appears in the SEDS and DoT Green Book (reference [D4]). 

2.4 USE CASES FOR DoT 

Use cases for DoT include: 

– assuring that the terms used in SEDS have clear meanings; 

– enabling a market index to components based on their interfaces; 

– enabling an index to components in a vehicle, based on their interfaces; 

– enabling an index to data in the spacecraft database; 

– enabling lookup of topics published and subscribed on a software bus; 

– enabling matching of interfaces of two components during design or during adaptive 
reconfiguration so the two components can interact through the mutual interface,  one 
component acting as a provider of data and services through the interface, and the 
other acting as a consumer of data and services through the interface; 

– enabling matching of interfaces of a device with interfaces of simulation models, to 
configure and to validate testing and simulation software; 

– providing a glossary for human-readable documentation generated from SEDS. 

2.5 HOW THE DICTIONARY OF TERMS RELATES TO ELECTRONIC DATA 
SHEETS 

A schema determines the syntax of SEDS, which are XML files.  The schema consists of a 
base syntax and semantic inclusions.  The base schema is described in the companion 
volume, Spacecraft Onboard Interface Services—XML Specification for Electronic Data 
Sheets (reference [1]).  The base schema controls how a SEDS describes the syntax of data 
that passes across the data interfaces of a component.  The DoT provides additional terms 
that go beyond syntax to describe the suitability of data items for usage in applications.  
Because these terms are ‘beyond syntax’, they are referred to as ‘semantic’ attributes of data.  
This section describes how the DoT provisions the SEDS schema with semantic attributes. 

The SANA DoT is a normative specification of terms to be used in SEDS instances.  The 
SANA DoT is the ontology published at reference [12].  This document is not the SANA 
DoT.  This Recommended Practice specifies the basic structure, usage, and maintenance of 
the SANA DoT. 
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The SANA DoT stores information in an ontological syntax that facilitates management of 
terminology.  That information is extracted in the form of an XML schema fragment, which 
is then included by the SEDS schema.  The schema fragment defines semantic attributes that 
can be applied to items of data, as described in this document (see figure 2-4). 

DoT
seds‐core‐
semantics.

xsd

seds‐
extension‐
semantics.

xsd seds.xsd

Schema 
Fragment 
Extractor

a SEDS 
instance

SEDS 
Validator

validity

 

Figure 2-4:  How the DoT Provisions the SEDS Schema 

In figure 2-4, a schema fragment extractor reads the DoT and constructs a schema fragment named 
seds-core-semantics.xsd.  A project may provide its own additional schema fragment named seds-
extension-semantics.xsd, either by writing it directly or by generating it from a project ontology.  
The standard SEDS schema, named seds.xsd, includes the two schema fragments.  A standard 
validating XML reader uses the combined schema to validate a SEDS instance. 

In order to be able to relate the elements of a data sheet to concepts, and to promote 
standardization and interoperability, the SANA DoT provides a core ontology for data sheet 
authors and users. These semantic terms effectively form part of the language that is used to 
write SEDS.  The file seds-core-semantics.xsd in figure 2-4 carries these standard, 
interoperable terms. 

The SEDS schema supports the use of semantic attributes to annotate the SEDS elements that 
have a ‘name’ attribute.  These include the following elements: 

– interfaces; 

– commands; 

– parameters; 

– components; 

– metadata; 

– enumeration members. 

When the semantics provided by the SANA DoT are insufficient, a data sheet author may 
utilize an additional user-defined schema fragment in a file named seds-extension-
sematics.xsd, which can be used within a project.  SANA provides an example extension 
schema file.  This arrangement provides a standard, flexible, and extensible mechanism for 
capturing the semantics of component operation in a machine-interpretable form.  The terms 
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in the extension schema can later be offered for integration into the SANA DoT.  The use of 
an extension schema reduces the portability of a SEDS in order to be toolchain compatible in 
the project in which the extension ontology was developed.  To become truly portable 
outside the original project, it is necessary to assimilate the extension terms into the SANA 
ontology and adapt the project SEDS to use the terms of the new SANA ontology. 

The DoT can provide a mechanism for future extensions of the SEDS in cases in which the extension 
can be obtained by adding terms to the structure that is already present in the SEDS schema. 

2.6 USE OF PRE-EXISTING STANDARDS 

The specification and use of SEDS make use of the following World Wide Web Consortium 
(W3C) standards: 

– XML—The Extensible Markup Language (reference [2]) is used to mark-up data 
sheet documents in a machine-readable manner. 

– XSD—The XML Schema Definition language (references [3] and [4]) is used to 
specify valid construction rules for data sheet documents. Version 1.1 of the XSD 
recommendation is used. 

– OWL/RDF—In some cases, a data sheet author may wish to specify a user-defined 
DoT. This may be accomplished by accompanying the data sheet document with a 
DoT document specified according to the Web Ontology Language and using the 
syntax of the Resource Description Framework (reference [5]). 

2.7 PRINCIPLES OF THE DICTIONARY OF TERMS 

2.7.1 GENERAL 

The DoT relies upon conceptual models to define terms in an ontology and enable successful 
interpretation of SEDS by people and by algorithms.  A collection of descriptions of entities 
named by terms and their relationships constitutes an ontology.  This section describes major 
models used in the DoT. 

2.7.2 THE REPRESENTATION OF THE DOT 

The DoT is a model-based vocabulary.  This idea is a variation on the idea of model-based 
engineering, in which a central data model stores knowledge, and peripheral software tools 
render and exploit that knowledge in engineering documents. 

The model selected for the DoT is an ontological description language known as Web 
Ontology Language, or OWL.  Tools for working with this language are available without 
monetary cost to the user, and commercial tools are also available.  These tools provide 
graphical user interfaces for writing, interpreting, and validating associations between terms.  
As a bonus, it is also possible to invoke a reasoning program to infer implicit relations among 
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terms, given the relations that are present.  The description logic sublanguage of OWL has 
adequate expressive capabilities for the use cases considered.  OWL is a W3C standard, and 
it has a community of users.  The syntax for the ontology files provided by SANA is OWL 
represented in RDF/XML. 

A SEDS instance accompanies the component that it describes; however, the DoT exists in a 
centrally accessible location (reference [12]) where it can be used by toolchain software to 
interpret SEDS. 

In a model-based vocabulary, the model is the single source of information that is distributed 
through the medium of a variety of artefacts.  Among those artefacts are a glossary of terms for 
humans to read and a schema of terms to be included in the SEDS schema.  The latter was 
described in 2.5.  The glossary is discussed below.  Some toolchain elements may use the DoT 
directly, such as a hypothetical design-checking tool that checks the match between interfaces 
provided and required by components to assure that each data item is being used appropriately.  
Another useful feature of a model-based DoT is the capability to generate more than one form 
of schema fragment.  There is a schema fragment that is appropriate for use by the SOIS EDS 
schema.  There may be a need for similar fragments to be used in other descriptive tools, such 
as XML Telemetric and Command Exchange (reference [D3]).  By using the same terminology 
model for both schemas, the usage of terms will be consistent across both spacecraft and 
ground systems. 

2.7.3 MODEL OF MEASUREMENT 

The DoT ontology is built on top of a proof-of-concept ontology called Quantities, Units, 
Dimensions, and Values (QUDV, reference [13]).  The QUDV ontology provides a scheme 
for representing units of measure and relating them to quantity kinds.  The DoT extends this 
scheme to cover more units of measure along with their quantity kinds.  The extension will 
grow where new units of measure are needed. 

The ability to specify quantity kinds can be useful in situations when specifying the unit of 
measure is insufficient to identify the physical property in a measurement, such as in the case 
of torque and energy, for which the units of measure are the same when reduced to base 
units.  In such situations, there is an informal reliance upon convention in the use of derived 
units for disambiguation; for example, torque is often expressed as newton meters, while 
energy is often expressed as joules.  The fact that torque is a vector is not always explicit 
when the axis of rotation is obvious to human engineers.  These conventions may be 
widespread, but they are conventions that may not be accessible to algorithmic interpretation 
of SEDS.  In contrast, the quantity kind property provides an explicit disambiguation, which 
is defined in the ontology. 

A specification of a required interface can be viewed during design of a spacecraft as a 
search argument for a component that provides a compatible interface.  Software components 
may have required interfaces that specify a unit of measure, but the available providers of 
such an interface may offer different units of measure.  The information in the DoT ontology 
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can be used by a toolchain to generate a shim that converts the units of measure provided by 
a service to that required by a software component that uses the service. 

The following example explains a way in which an ontological model can check the usage of 
terms.  Accidental misuse of the semantic attributes of items of data in an interface can be 
detected.  For example, a SEDS author might specify that a given item of data has quantity kind 
‘length’ and unit of measure ‘arc-second’.  The mistake here is that only certain units of 
measure are possible for a given quantity kind.  The author is going to have to either change the 
quantity kind to ‘angle’ or choose a unit of measure that measures length, such as ‘meter’.  The 
model for the terms contains this kind of information, so it can be enforced at some point in the 
validation of SEDS.  In this example, the model contains an association between quantity kinds 
and their meaningful units of measure.  At present, this check is not implemented in the SEDS 
schema, but it can be implemented in a toolchain that reads the DoT, if needed. 

2.7.4 MODELS OF OPERATION 

2.7.4.1 General 

The purpose of a model of operation is to identify the objects whose properties are 
represented by data items in interfaces described in a SEDS. References to a model of 
operation link the information view in a SEDS to other viewpoints in a larger architectural 
design of the component described by the SEDS. 

2.7.4.2 Standard Models of Operation 

A model of operation is a description of the parts of a component and the context in which the 
component operates.  A standard model of operation is one that appears in the SANA DoT 
ontology.  The DoT model of operation contains an individual in the ModelOfOperation class 
called the anchor.  The anchor has object relations to individuals in other classes that form a 
graph.  A semantic attribute that corresponds to a referential class has for its value a string that 
describes a path through the graph starting from the name of the anchor and traversing relations 
by name to a set of target individuals.  The meaning of the attribute is a relationship between 
the SEDS object in which the attribute appears and target individuals in the model of operation. 

For example, the DoT defines a referential class named ‘subject’.  The description of the 
class says that a data item in a SEDS that has the ‘subject’ attribute is a property of the 
referenced individuals in the model of operation. 

More specifically, and continuing the ‘subject’ example above, an imaging device may carry 
some thermistors to measure temperature at different points in the instrument.  The focal 
plane is often a point of interest.  There could be an electronics package attached to the 
imager for processing the images, and the temperature of that package could be of interest.  
In order to recognize which thermistor measures the temperature of which part of the imager, 
it is necessary to define a model of the parts of the imager, and then it is necessary to attach a 
semantic attribute to the measurement from each thermistor that refers to the model part 
where the thermistor is located (see figure 2-5). 
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For an example of context in a model of operation, a device that tracks signals from ships at 
sea would have a model of operation that contains the device, the vehicle, the Earth, and the 
ships at sea.  This model of operation would likely be defined in a user-defined context (3.6) 
during its development. 

2.7.4.3 User Provided Models of Operation 

Authors of SEDS may write a user-defined ontology that adds individuals to the 
ModelOfOperation class, plus related classes for reference by attributes in the SEDS.  This 
can be done in the metadata section of a SEDS.  The convention that enables this is the 
treatment of a SEDS document as a model of operations. 

Considering each SEDS to be a model of operation enables the semantic properties of one 
parameter to refer to another parameter.  For example, a measure of variance could refer to a 
separate parameter that contains the most recent measurement in the distribution. 

Standard models of operation cannot efficiently represent the variety of details that may 
occur in a specific instrument.  To address this difficulty, the parts of a standard model of 
operation, which are classes, can be interpreted as a skeletal model.  Individuals in the 
classes of a standard model of operation can be defined in a SEDS and can be related to those 
classes by a referential attribute, ‘memberOf’.  This convention allows SEDS to define a 
variety of operating models without needing a user-defined ontology, which would diminish 
their portability (see figure 2-5). 

Continuing the example of an imaging device above, the SEDS could describe part of the 
model of operation of a particular instrument by means of an element that represents the focal 
plane, containing the attributes <… name="focalPlane" memberOf="imager.hasA.focalPlane" 
…>, where the imager.hasA.focalPlane is a path through a standard model of operation of an 
imager in the SANA ontology. 

SANA DoT A SEDS Instance

imager

focalPlane

processor

hasA

mayHaveSome

focalPlane

processor1

processor2

temp201

temp223

memberOf

memberOf

memberOf

subject subject

 

Figure 2-5:  References to a Model of Operation 



DRAFT CCSDS RECOMMENDED PRACTICE FOR SOIS EDS DICTIONARY OF TERMS 

CCSDS 876.1-R-3 Page 2-10 December 2022 

The SEDS example of the imaging device in figure 2-5 contains a focal plane and two 
processors.  Suppose that the housekeeping data reported by the device contains measurements 
of temperature of those parts.  It is possible to describe explicitly which measurement applies to 
which part.  The SEDS could also contain two elements, one with attributes <… 
name="processor1" memberOf="imager.mayHaveSome.processor" …>, and the other with 
attributes <… name="processor2" memberOf="imager.mayHaveSome.processor" …>.  In a 
description of a housekeeping interface in the SEDS, one parameter that is a measure of 
temperature could have the attributes <… subject="focalPlane" quantityKind="Temperature" 
…>, while another parameter in the same interface that is also a measure of temperature could 
have the attributes <… subject="processor1" quantityKind="Temperature" …>. 

The example of the imaging device in figure 2-5 contains names ‘temp201’ and ‘temp223’, 
which demonstrate the ambiguity that is natural in names.  The ‘temp’ in the names could be 
mistaken to mean ‘temporary’, instead of ‘temperature’.  The ‘201’ and the ‘223’ could be 
references to a table in a paper document that tells the locations of thermistors, but a person 
or algorithm trying to make sense of those names would need access to that table, and the 
convention used to construct the names is not a standard that can be encoded in an algorithm 
that works across multiple projects.  Compare this ambiguity to the greater clarity of 
expression in using the attributes.  The attribute <… quantityKind="Temperature" …> states 
explicitly that the data items represent temperatures.  Other attributes not shown in the 
example provide additional information.  The attribute <… unit …> can identify the units of 
measurement.  The attribute <… purpose…> can state whether the data item is a 
measurement, a set point, or another intended use. 

It is important to note that, while the word ‘parameter’ was used in the example of the 
imaging device, the use of semantic attributes is not limited to parameters.  Any item of data 
described by a SEDS can have semantic attributes. 

2.7.5 MODELS OF DISCRETE DATA 

An enumeration of labels, with descriptions, but without assigning numbers to the labels, is 
an abstract model of a discrete variable.  The DoT contains this kind of description of a 
discrete variable.  A SEDS instance refers to the description in the DoT, and assigns numbers 
to the labels, to realize a discrete variable.  A ‘discrete variable’, as used in this section, could 
appear in a SEDS instance as a parameter, a variable, or an argument of a command. 

There are at least three stakeholders in describing the meanings of discrete variables. 

– A manufacturer of an instrument would like to describe some of the standard 
meanings of the values of a discrete variable, while possibly including some extra 
special meanings that differentiate their product from others on the market. 

– A spacecraft designer would like to design systems that respond to the values of discrete 
variables appropriately, so the meanings of each value must be described explicitly. 
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– A mission operations team would like to see discrete variables with similar semantics 
presented in a way that is consistent across missions in order to minimize the chance 
of errors of interpretation. 

In order to satisfy the different stakeholders, the semantics of discrete variables in the DoT 
map to the values of discrete variables in SEDS instances, as described in this section. 

There is a possibility of confusion in this discussion of enumerations, because the DoT 
defines two kinds of enumerations.  There are not only enumerations for semantic attributes 
in the schema, but also enumerations for discrete variables that appear in interfaces as data 
during the operation of a component.  The enumerations discussed in this section do not 
enumerate the values possible for a semantic attribute in a SEDS schema.  Instead, these 
enumerations apply to the data that appears in an interface during operation of a component 
described by a SEDS instance. 

SEDS assign semantics to enumeration members for discrete data variables in interfaces as 
shown in figure 2-6.  The example on the left side of the figure is the operating modes of a 
thermo-electric controller.  The left side of the figure is a model of operations defined in 
metadata in a package file package named ‘CCSDS/SOIS/modops’.  On the right side of the 
figure is a SEDS instance that refers to the model of operations.  The <… subject …> 
attributes assign enumeration labels in the SEDS instance to members of the operatingMode 
enumeration model in a model of operation.  The manufacturer is free to define their own 
labels and values for the discrete variable when a standard model does not match.  The 
mapping specified by the attributes provides the explanation of meanings of operating modes 
for vehicle designers.  The labels in the model of operation may be used in the user interface 
of mission control systems to present discrete variables to human operators consistently 
across missions.  The annotation properties in the ontology may be copied to an operator’s 
manual to provide additional help to operators. 
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Figure 2-6:  Defining a Discrete Variable Type 

2.8 METADATA 

The SEDS schema supports a metadata section in a SEDS instance.  The DoT defines tags 
that can be applied to metadata elements to indicate how to interpret the metadata.  Metadata 
consists of categories and values, both of which can be tagged. 

The purposes to which metadata has been applied include: 

– identification of static properties of the component described by a SEDS instance, 
such as mass of a device or memory space used by a software object (dynamic 
properties, such as the mass of a gas tank, may be reported in telemetry messages, and 
so would be defined in the DataTypeSet of a SEDS instance); 

– definition or extension of a model of operation of the component described by a 
SEDS instance. 

Among the static properties of a component are a small set of terms that describe its 
provenance.  The DoT contains a class named ‘ModelOfProduction’, which has three 
subclasses named ‘Manufacturer’, ‘ManufacturersModel’, and ‘SerialNumber’.  When one of 
these class names is used as the name of a category or of a value, it indicates the meaning of 
the element of metadata as defined by the DoT, as is illustrated in the following example. 
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<Category name="ModelOfProduction" > 

 <MetadataValueSet> 

  <StringValue name="Manufacturer" value="Acme"/> 

  <StringValue name="ManufacturersModel" value="X"/> 

  <StringValue name="SerialNumber" value="123"/> 

 </MetadataValueSet> 

</Category> 

Sometimes, it is necessary to use the name attribute to distinguish more than one instance of a 
part of a model of operation.  In the example in figure 2-5 the DoT contains a class named 
‘imager’, which may have some instances of a class named ‘processor’.  In a SEDS instance that 
describes an imager with two processors, the metadata would extend the DoT model of operation 
by defining two processors named ‘processor1’ and ‘processor2’, as illustrated in the example 
below.  The addition of the attribute memberOf="imager.mayHaveSome.processor" to the value 
elements indicates that the values represent instances of the processor class of an imager. 

<Category name="imager" memberOf=”ModelOfOperation” > 

 <MetadataValueSet> 

  <StringValue name="processor1" value="hasA" 

memberOf=”imager.mayHaveSome.processor”/> 

  <StringValue name="processor2" value="hasA" 

memberOf=”imager.mayHaveSome.processor”/> 

 </MetadataValueSet> 

</Category> 

Expressions elsewhere in the SEDS instance can refer to metadata values for the device using 
the names of the metadata values.  References to those metadata values are made by a period-
delimited path through the tree of category names; in the model of production example 
above, a reference to the serial number would be, ‘ModelOfProduction.serialNumber’. 

The following conventions simplify path expressions for references to items in a model of 
operations.  The most common relation in models of operation is ‘hasA’, so the phrase 
‘hasA.’ in a path expression can be abbreviated ‘.’.  Containment of one category by another 
in the metadata category tree indicates that the latter category ‘hasA’ former category. 

The following example shows that it may be necessary to indicate explicitly the subject of a metadata 
value when the position in the metadata category tree does not represent the subject implicitly. 

<Category name="cm" memberOf="Version"> 
 <MetadataValueSet> 
  <StringValue name="sedsVersion" value="0.1.0" memberOf="SOIS_Version" 
subject="SEDS"/> 
  <StringValue name="dotVersion" value="0.1.0" memberOf="SOIS_Version" 
subject="DoT"/> 
 </MetadataValueSet> 
</Category> 

In the example above, the version numbers of both the schema and the DoT are specified to 
indicate the versions of those documents to be used to parse a SEDS instance. 
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2.9 MAINTAINING THE DICTIONARY OF TERMS 

While standard terminology is important for reusable application software, innovative applications 
and new technologies will not always fit within those constraints.  The freedom to define new terms 
and new relationships among terms is built into the SOIS architecture for SEDS. 

The following stakeholders participate in the maintenance of the SANA DoT: 

– Manufacturers find that portability can increase the size of the market for their 
products. 

– Integrators can reuse portable components in multiple missions. 

– Subject matter experts understand the descriptions of the real world that must appear 
in an ontology in order to describe data efficiently.  Agencies enlist members of their 
organizations to provide the role of subject matter experts by matching the subject 
matter of the topic under discussion to the appropriate experts. 

– A managing authority builds consensus and provides arbitration to determine the 
content of the SANA DoT that optimizes the usefulness of the SANA DoT.  The 
CCSDS can organize a Special Interest Group (reference [D1]) to provide this role. 

The procedure for extending the DoT is the same as the procedure for constructing the DoT initially: 

a) A manufacturer builds a new component that has innovative features that must be 
described in a SEDS. 

b) The manufacturer writes the SEDS using new terms as necessary.  The new terms are 
defined in a user-defined ontology.  If the manufacturer prefers, the new terms can 
simply be defined directly in the seds-extension-semantics.xsd file, with comments. 

c) The managing authority for the DoT reviews the user-defined terms and decides 
whether they should be integrated with the existing ontology. 

d) If the decision in step c is to proceed, then the managing authority integrates the user-
defined terms: 

1) As a result of step c, it may be discovered that some of the novel terms represent 
concepts that can be expressed by other existing terms in the DoT. 

2) Another result of step c is the recognition of new terms for the DoT. 

3) Yet another result is the addition of new structure to the DoT ontology. 

4) If the integration results in changes to terms that the user defined, the managing 
authority notifies the manufacturer.  The manufacturer can decide to keep the 
user-defined ontology (not portable) or to issue new SEDS that are compatible 
with the revised SANA ontology (portable). 

e) The managing authority for the DoT publishes the latest version periodically. 
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3 STRUCTURE OF THE DICTIONARY OF TERMS 

3.1 OVERVIEW 

This section describes the structure of the DoT ontology.  The structure defined here is 
normative, in order to assure the capability of the DoT to provide terms that are compatible 
with usage in SEDS and in the SEDS schema.  Each part of this section addresses a separate 
issue of expression or usage in SEDS. 

Beyond the structure of the DoT ontology, this document defines a minimal set of concepts 
to support that structure in the ontology.  This document does not specify all details of the 
actual content of the DoT ontology.  Instead, this document designates the SANA DoT 
ontology as its formal, normative extension, to be curated by an expert group within CCSDS 
(see reference [12]). 

3.2 ACCESS 

3.2.1 GENERAL 

The DoT shall be accessible for public use at least to the extent defined in this subsection. 

3.2.2 ACCESS TO ONTOLOGY 

The DoT ontology shall be accessible for public use through SANA (reference [12]) with 
web and programmatic access.  Any included ontologies that are not already publicly 
accessible shall be accessible or referenced on the same CCSDS resource. 

NOTE – The DoT ontology is currently available in SANA (see reference [12]). 

3.2.3 ACCESS TO DERIVATIVES 

The files listed in this section, which are generated from the content of the ontology, as well 
as the ontology, shall be accessible for public use through SANA: 

– the human-readable DoT; 

– the schema representing the DoT, which is included by the SEDS schema; 

– a minimal schema for optional user-defined terms. 

NOTE – The files above are currently available in SANA (see reference [12]). 
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3.3 BASIC CONCEPTS 

3.3.1 GENERAL 

The DoT shall contain at least the basic concepts and structure described in this section, for 
use in defining the terms that can be used in authoring SEDS. 

NOTE – Extensions to the DoT are described in 3.6. 

3.3.2 HUMAN-READABLE COMMENTS 

The ‘dc:description’ annotation property shall contain a human-readable description of the meaning 
of each class, object property, data property, and individual defined in the DoT ontology. 

NOTE – The annotation can be extracted from the ontology along with terms to build a 
human-readable artefact called the ‘glossary’.  The namespace ‘dc’ indicates that the 
annotation property is defined in the ‘Dublin core’ (reference [6]). 

3.3.3 SEDS ATTRIBUTES 

The DoT shall provide content for the SEDS schema through an includable schema, using the 
following mechanism: 

a) The includable schema shall contain one or more attribute groups. 

b) The includable schema shall have no target namespace. 

c) The SEDS schema shall include the includable schema. 

d) The SEDS schema shall refer to the attribute groups in the includable schema in the 
definitions of types or of elements where those attributes will be used in a SEDS. 

NOTE – This mechanism allows for the definition of attributes to be used in various 
contexts in a SEDS schema.  Potential examples of those contexts are: 

– semantic attributes: (see 3.4); 

– subnetwork attributes: attributes that define the properties of a subnetwork 
interface using a model of operation of a subnetwork; 

– metadata: (see 3.5.1). 
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3.3.4 ENUMERATED SEDS ATTRIBUTES 

A class that represents a schema attribute whose range is an enumeration, and which is used 
in an element of a SEDS, shall map to the SEDS schema such that the name of the class is the 
name of the attribute, and the names of the individuals in the class are the names of the labels 
of the enumeration. 

NOTE – The enumerations described here are the ranges of attributes in a SEDS instance.  
Enumerations of possible values for discrete data variables in component 
interfaces are the subject of 3.4.3.5. 

3.3.5 EXTENSIBLE ENUMERATED SEDS ATTRIBUTES 

The DoT shall contain a class named ‘ExtensibleEnumeration’.  Sub-classes derived 
immediately from the ExtensibleEnumeration class shall have names with prefix ‘DoT’ and 
with the remainder of the name matching a simple type in the main SEDS schema for a union 
of enumerations.  Individuals in the sub-classes shall have names that are to be members of 
the union. 

NOTES 

1 RATIONALE: The SEDS schema contains a number of enumerations listing 
standards options for encoding and checksum algorithms.  Component or project-
specific algorithms can be supported by extending those enumerations to take 
additional values. 

2 EXAMPLE: The main SEDS schema provides a simple type named 
‘ErrorControlType’, which is a union of ‘CoreErrorControlType’, 
‘DotErrorControlType’, and ‘ExtErrorControlType’.  The CoreErrorControlType is 
an enumeration in the main SEDS schema.  The DotErrorControlType is provided by 
the inclusion schema generated from the DoT.  The ExtErrorControlType is provided 
by the sample inclusion schema for use within a project.  The Dot contains a class 
named ‘DotErrorControlType’ derived from ‘ExtensibleEnumeration’.  There is an 
individual named ‘CRC32’ in the DotErrorControlType class in the Dot.  This 
example allows both the DoT (interoperable) and the project extension schema (not 
interoperable) to extend the enumeration of algorithms that a toolchain can apply to 
detect errors in packets. 
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3.4 SEMANTIC ATTRIBUTES 

3.4.1 OVERVIEW 

Subsection 3.4 contains the following topics: 

– RELATIONSHIP between SEDS schema and DoT for semantic terms; 

– REPRESENTATION of semantic terms in the DoT; 

– a mechanism for constraining the combinations of terms that can be applied together 
in an EDS element. 

3.4.2 RELATIONSHIP BETWEEN SEDS SCHEMA AND DOT FOR SEMANTIC 
ATTRIBUTES 

3.4.2.1 Overview 

Semantic attributes describe the interpretation of data.  Examples of such terms are reference 
frame and unit of measure.  These terms are called ‘semantic attributes’. 

This subsection describes the relationship between the SEDS schema and the DoT for 
semantic attributes.  Semantic attributes are defined by the DoT and transferred to the SEDS 
schema as specified in 3.3. 

By defining semantic attributes in the DoT, the generation of human-readable artefacts from 
the DoT can include semantic attributes.  The ontology can also be used to describe 
restrictions on the usage of the attributes. 

3.4.2.2 The DoT shall define semantic attributes that can be used to describe the 
interpretation of data in SEDS. 

NOTE – Examples of such terms are ‘referenceFrame’ and ‘unit’. 

3.4.3 ONTOLOGY FOR SEMANTIC ATTRIBUTES 

3.4.3.1 Representation of Semantic Attributes in the DoT 

The DoT shall represent each semantic attribute as a class derived from the class 
‘SemanticProperty’, and the name of the class shall be the name of the attribute in the schema. 
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3.4.3.2 Enumerated Semantic Attributes 

For semantic attributes whose range of values is an enumeration, the names of individuals in 
the class shall be the values of the attribute in the schema (this is an instance of the 
specification in 3.3.3). 

NOTE – An example of an enumerated semantic attribute is ‘referenceFrame’, which may 
have individuals with names like ‘device’ or ‘ECI’. 

3.4.3.3 QUDV Semantics 

3.4.3.3.1 The DoT shall include the QUDV ontology (reference [13]) to obtain definitions 
of quantity kinds and units of measure.  Until a stable publication of QUDV allows reference 
to specific version numbers, the QUDV ontology shall be stored on SANA as a copy of the 
Object Management Group (OMG) proof-of-concept publication. 

3.4.3.3.2 The DoT shall extend the QUDV ontology as necessary. 

3.4.3.3.3 Users of the DoT, both people and software, shall treat the QUDV classes for 
quantity kinds and units of measure as subclasses of ‘SemanticProperty’. 

NOTE – This formula generalizes the description of enumerated semantic attributes to 
include subclasses of the class that names the attribute.  The names of the 
subclasses are not used, but the names of the individuals in the subclasses are 
used as the enumeration values.  The quantity-kind class and the unit class are not 
defined as subclasses of ‘SemanticProperty’ in order to keep the DoT ontology 
separate from the QUDV ontology. 

3.4.3.4 Referential Semantics 

NOTE – An informative discussion of models of operation appears in 2.7.4. 

3.4.3.4.1 Models of Operation 

NOTE – Models of operation provide a target for references. 

3.4.3.4.1.1 The DoT shall contain a class named ‘ModelOfOperation’. 

3.4.3.4.1.2 The DoT shall define a subclass of the class ‘SemanticProperty’ named 
‘RefersToModel’. 

3.4.3.4.1.3 A class derived from RefersToModel may be called a referential class and shall 
have no individual members. 

3.4.3.4.1.4 A semantic attribute in the SEDS schema that corresponds to a referential class 
shall have a range of values in ‘xsd:string’. 



DRAFT CCSDS RECOMMENDED PRACTICE FOR SOIS EDS DICTIONARY OF TERMS 

CCSDS 876.1-R-3 Page 3-6 December 2022 

3.4.3.4.1.5 The prefix of the string value of the attribute shall be the name of an individual 
in the ModelOfOperation class or the name of a class derived from ModelOfOperation. 

3.4.3.4.1.6 The remainder of the string value of the attribute, if any, shall be a path 
expression delimited by ‘.’, which consists of alternating names of object relations and names 
of classes or individuals in the SANA or user-defined ontology.  The object relation ‘hasA’ 
may appear explicitly in a path expression, or it may be omitted between the name of the 
aggregating class and the name of the aggregated class. 

3.4.3.4.1.7 The definition of the semantic attribute shall relate the part of the SEDS that 
bears the attribute to the individuals or classes in the model of operation that are at the end of 
the path specified by the value of the attribute. 

NOTE – As an example, a navigation application that uses the nadir point of its satellite 
could be designed to ignore latitude-longitude parameters whose ‘subject’ 
attribute is not ‘GNS.onBoard.artificialSatellite.over.nadirPoint’.  This would 
allow other applications on board the vehicle to produce latitude-longitude 
parameters that are relevant to other objects of interest on the planet orbited by 
the satellite, without harming the navigation application. 

3.4.3.4.2 Standard Models of Operation 

3.4.3.4.2.1 The DoT shall define standard models of operation, with standard names for the 
parts of the model that can be referenced. 

3.4.3.4.2.2 The standard models of operation shall be individuals of the class 
‘ModelOfOperation’ or classes derived from ModelOfOperation. 

3.4.3.4.2.3 The parts of the standard models of operation shall be related classes and 
individuals in related classes. 

3.4.3.4.3 User-Defined Models of Operation 

3.4.3.4.3.1 The document object model of a SEDS shall be treated as a model of operation 
with the anchor being the trunk element of the SEDS. 

3.4.3.4.3.2 The DoT shall define a referential class named ‘memberOf’, which shall have 
the interpretation that an element bearing the attribute in the document object model of a 
SEDS is a member of the class in a standard or user-defined model of operation, named by 
the value of the attribute. 
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3.4.3.5 Enumeration of Discrete Data 

NOTE – A SEDS can associate enumeration tags with numbers, to describe the 
representation of discrete variables in a data interface.  The SEDS provides the 
association between integer values and names of classes in a model of operations 
that represent the conceptual elements of an enumeration. 

3.4.3.5.1 The DoT shall define the interoperable meanings of enumeration tags. 

3.4.3.5.2 The association of tags with numbers shall be local to SEDS. 

3.4.3.5.3 The DoT shall define a subclass of ‘ModelOfOperation’ named ‘Enumeration’, 
whose derived classes contain enumerations of the possible interoperable meanings of 
discrete data items described by a SEDS. 

3.4.3.5.4 Standard Enumerations 

3.4.3.5.4.1 The DoT shall define standard enumerations, with standard names for the 
enumerated labels. 

3.4.3.5.4.2 The standard enumerations shall be classes derived from the class ‘Enumeration’. 

3.4.3.5.5 User-Defined Enumerations 

Authors of SEDS may write a user-defined ontology that adds classes derived from the 
‘Enumeration’ class.  Members of these classes shall be named in the ‘subject’ attribute of 
Enumeration elements in an EnumeratedDataType element to indicate their meanings. 

3.4.3.6 Schema for Semantic Attributes 

3.4.3.6.1 The DoT shall be accompanied by open-source software for extraction of a 
schema fragment that can be included in the SEDS schema to define semantic attributes. 

NOTE – Schemas supporting SEDS and SOIS DoT can be found at 
https://sanaregistry.org/r/sois/. 

3.4.3.6.2 The schema fragment shall contain an attribute group named 
‘CoreSemanticsAttributeGroup’, which contains semantic attributes and restricts their values. 
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3.4.4 COMBINATORIAL CONSTRAINTS ON SEMANTICS 

3.4.4.1 General 

The constraints on combinations of semantic attributes form an open-world model:  
combinations that are not explicitly excluded are allowed.  This policy limits unintentional 
restrictions on the community of users. 

3.4.4.2 Excluded Semantics 

3.4.4.2.1 The DoT may define any necessary constraints on legal combinations of semantic 
attributes. 

3.4.4.2.2 Each such constraint shall be an individual in the class ‘ExcludedSemantics’. 

3.4.4.2.3 The class ‘ExcludedSemantics’ shall have an object property for each enumerated 
semantic attribute, with the name [‘value’ prefixed to the name of the enumerated semantic 
attribute class]. 

3.4.4.2.4 An individual in ‘ExcludedSemantics’ shall be interpreted as an illegal 
combination of attributes. 

NOTES 

1 Rationale: this represents semantic constraints which can be used to check 
consistency of a data sheet. 

2 Example: to indicate that chirality cannot be used with coordinateType latLon, there 
would be two individuals in ExcludedSemantics, one with valueChirality=leftHanded 
and one with valueChirality=rightHanded, both with valueCoordinateType=latLon. 

3.4.4.3 External Constraints 

The DoT shall include the ‘sysml-qudv:quantityKind’ object property for individuals in 
classes derived from ‘unit’. 

NOTE – External software can use this information to validate the pairing of quantityKind 
and unit attributes. 
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3.5 METADATA 

NOTE – This subsection enables the DoT to define semantic tags for metadata in SEDS instances. 

3.5.1 SEMANTIC ATTRIBUTES FOR METADATA 

3.5.1.1 The semantic attributes in 3.4 shall be applicable to metadata categories and to 
metadata value items. 

3.5.1.2 The DoT shall contain a class named ‘MetadataCategory’, which is a sub-class of 
the class named ‘ModelOfOperation’. 

NOTE – This requirement enables referential semantics for the parts of the DoT model of 
operations that are specific to metadata (see 3.5.2, 3.5.3, and 3.5.4). 

3.5.2 MODEL OF PRODUCTION 

NOTE – This subsection enables the DoT to define following terms that identify a 
component by telling how it was made (see 2.8).  

3.5.2.1 The DoT shall contain a class named ‘ModelOfProduction’, which is a sub-class of 
the class named ‘MetadataCategory’. 

3.5.2.2 The DoT shall contain a class named ‘Manufacturer’, which is a sub-class of the 
class named ‘ModelOfProduction’.  Manufacturer identifiers shall conform to ISO 9362. 

3.5.2.3 The DoT shall contain a class named ‘ManufacturersModel’, which is a sub-class of 
the class named ‘ModelOfProduction’. 

3.5.2.4 The DoT shall contain a class named ‘SerialNumber’, which is a sub-class of the 
class named ‘ModelOfProduction’. 

3.5.3 LANGUAGE OF DATA SHEETS 

NOTE – This subsection enables the DoT to define terms that indicate the following 
documents that define the syntax and semantics of SEDS so a toolchain may use 
those documents to parse a SEDS instance (see 2.8).  

3.5.3.1 The DoT shall contain a class named ‘DataSheetLanguage’, which is a sub-class of 
the class named ‘MetadataCategories’. 

3.5.3.2 The DoT shall contain a class or individual named ‘QUDV’, which is in 
DataSheetLanguage. 

3.5.3.3 The DoT shall contain a class or individual named ‘SEDS’, which is in 
DataSheetLanguage. 

3.5.3.4 The DoT shall contain a class or individual named ‘DoT’, which is in 
DataSheetLanguage. 
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3.5.4 VERSION NUMBERS 

NOTE – This subsection enables the DoT to define terms that indicate the versions of the 
documents that define the syntax and semantics of SEDS, so a toolchain may use 
the interpretations appropriate to those versions (see 2.8). 

3.5.4.1 The DoT shall contain a class named ‘Version’, which is a sub-class of the class 
named ‘MetadataCategories’. 

3.5.4.2 The DoT shall contain a class named ‘SOIS_Version’, which is a sub-class of the 
class named ‘Version’. 

3.5.4.3 The version numbers for the SEDS schema and for the DoT shall have the form of 
three positive integers concatenated with period-characters, ‘.’. 

NOTE – EXAMPLE: ‘1.2.0’ indicates a version that resulted from one change that was 
not backwards compatible and two subsequent backward-compatible extensions 
of function. 

3.5.4.3.1 The first integer shall be zero for the first version and incremented by one for 
versions that are not backward compatible with the previous version. 

3.5.4.3.2 The second integer shall be zero for each new value of the first integer and incremented 
by one for each change that extends the previous version while maintaining compatibility. 

3.5.4.3.3 The third integer shall be zero for each new value of the second integer and 
incremented by one for each change that corrects errors in previous versions without 
breaking compatibility and without extending compatibly. 

3.6 USER-DEFINED ONTOLOGIES 

3.6.1 OVERVIEW 

This subsection describes how user-defined ontologies may be used to extend the SANA 
ontology when the latter lacks information necessary for a description. 

NOTE – EDSes that apply user-defined ontologies may be useful within a project, but the 
components that they describe are not portable outside the project.  Agencies 
with a policy of promoting portable components will have to require their 
suppliers to use only terms that are in the SANA DoT, or to participate actively 
in the process of integrating new terms into the SANA DoT. 
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3.6.2 STRUCTURE OF USER-DEFINED ONTOLOGIES 

3.6.2.1 Structural Consistency 

The structure of a user-defined ontology shall be consistent with the structure of the SANA 
DoT ontology. 

3.6.2.2 Discussion 

If the purpose is simply to provide additional term(s) within the existing structure, then a 
user-defined ontology can define the additional term(s) as individuals in the appropriate 
class.  In this case, the programs that generate derivatives from the ontology will be able to 
include the term(s) without change. 

When the user-defined ontology must add new structure that is absent in the SANA DoT, it 
may add some new classes to the DoT that do not inherit any information from classes 
already present.  In this case, the programs that generate derivatives from the ontology will 
require modification in order to generate the new structure.  This action is not a violation of 
this standard. 

3.6.2.3 A Simpler Alternative 

Instead of constructing a user-defined ontology, a project may choose simply to add to the 
file named seds-extension-semantics.xsd, an example of which accompanies the SEDS 
schema in SANA.  This saves the cost of building an ontology.  Project personnel need only 
understand the XML schema language for XSD files (reference [4]). 

3.6.3 OMISSIONS 

NOTE – Section 3 in this document may omit some issues that are needed for particular 
components or for particular kinds of interfaces.  For example, the present 
description only covers data interfaces; it does not cover physical interfaces, such 
as thermal, electrical, mass, geometry, and others.  Unforeseen issues of data 
interfaces may have been omitted. 

3.6.3.1 In case an issue is omitted that is needed for a particular interface, the SEDS author 
may provide a user-defined ontology to cover the issue, or the author may provide an updated 
file seds-extension-semantics.xsd. 

3.6.3.2 After appropriate consideration, the SANA DoT managing authority shall decide 
whether to integrate the user-defined ontology into the SANA DoT. 

3.6.3.3 If the decision is positive, then the managing authority shall integrate the user-
defined ontology and amend this document to cover the issue. 

NOTE – The process of integration can alter the user-defined ontology. 



DRAFT CCSDS RECOMMENDED PRACTICE FOR SOIS EDS DICTIONARY OF TERMS 

CCSDS 876.1-R-3 Page A-1 December 2022 

ANNEX A 
 

DICTIONARY OF TERMS FOR ELECTRONIC DATA SHEETS 
IMPLEMENTATION CONFORMANCE STATEMENT PROFORMA 

  
(NORMATIVE) 

A1 INTRODUCTION 

This annex provides the ICS Requirements List (RL) for implementation of the DoT, CCSDS 
876.1-R-3. The ICS for an implementation is generated by completing the RL in accordance 
with the instructions below. An implementation shall satisfy the mandatory conformance 
requirements of the base standards referenced in the RL. 

The RL in this annex is blank. An implementation’s complete RL is called a ICS. The ICS 
states which capabilities and options of the services have been implemented. The following 
can use the ICS: 

– an author of a SEDS that contains a user-defined DoT, as a checklist to reduce the 
risk of failure to conform to the standard through oversight; 

– an author of toolchain software, as a basis for extracting information from the SANA 
DoT and from user-defined DoT for use by the toolchain. 

A2 NOTATION 

The following are used in the RL to indicate the status of features: 

Status Symbols 

M mandatory 

O optional 

Support Column Symbols 

The support of every item as claimed by the implementer is stated by entering the appropriate 
answer (Y, N or N/A) in the Support column: 

Y Yes, supported by the implementation 

N No, not supported by the implementation 

N/A Not applicable 
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A3 REFERENCED BASE STANDARDS 

The base standards references in the RL are: 

– Dictionary of Terms for Electronic Data Sheets (this document). 

A4 GENERATION INFORMATION 

A4.1 IDENTIFICATION OF ICS 

Ref Question Response 

1 Date of statement 
(DD/MM/YYYY) 

 

2 ICS serial number  

3 System conformance statement 
cross-reference 

 

A4.2 IDENTIFICATION OF IMPLEMENTATION UNDER TEST (IUT) 

Ref Question Response 

1 Implementation name  

2 Implementation version  

3 Special configuration  

4 Other information  
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A4.3 IDENTIFICATION 

Ref Question Response 

1 Supplier  

2 Contact point for queries  

3 Implementation name(s) and 
versions 

 

4 Other information necessary for 
full identification, for example, 
name(s) and version(s) for 
machines and/or operating 
systems: 
 
System name(s) 

 

A4.4 ONTOLOGY SUMMARY 

Ref Question Response 

1 Service version  

2 Addenda implemented  

3 Amendments implemented  

4 Have any exceptions been 
required? 
 
NOTE – A YES answer 

means that the 
implementation 
does not conform to 
the service. Non-
supported 
mandatory 
capabilities are to be 
identified in the 
ICS, with an 
explanation of why 
the implementation 
is non-conforming. 

 
Yes                No               
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A4.5 INSTRUCTIONS FOR COMPLETING THE RL 

An implementer of toolchain software shows the extent of compliance to the specification by 
completing the RL; that is, compliance to all mandatory requirements and the options that are 
not supported are shown. The resulting completed RL is called a ICS. In the Support column, 
each response shall be selected either from the indicated set of responses or it shall comprise 
one or more parameter values as requested. If a conditional requirement is inappropriate, N/A 
shall be used. If a mandatory requirement is not satisfied, exception information must be 
supplied by entering a reference Xi, where i is a unique identifier, to an accompanying 
rationale for the non-compliance. 

A5 GENERAL/MAJOR CAPABILITIES OF DOT ONTOLOGY 

Service Feature Reference Status Support 

Access to Ontology 3.2.2 M  

Access to Derivatives 3.2.3 M  

Human-Readable Comments 3.3.2 M  

Enumerated SEDS Attribute 3.3.4 M  

Model of Production 3.5.2 M  

Semantic Attributes 3.4.2.2 M  

Representation of Semantic Attributes 3.4.3.1 M  

Enumerated Semantic Attributes 3.4.3.2 M  

QUDV Semantics 3.4.3.3 M  

Referential Semantics 3.4.3.4 M  

Enumeration Discrete Variables 3.4.3.5 M  

Schema for Semantic Attributes 3.4.3.6 M  

Combinatorial Constraints on Semantics 3.4.4 O  

External Constraints 3.4.4.3 M  

User-Defined Ontologies 3.6 O  
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A6 SOFTWARE EXTRACTING INFORMATION FROM ONTOLOGY 

This subsection provides identification of the software that extracts information from the 
ontology. 

Service Feature Reference Status Support 

Human-readable Comments 3.3.2 M  

Enumerated SEDS Attributes 3.3.3 M  

Enumerations of Discrete Data 3.4.3.5 M  

Ontology for Semantic Attributes 3.4.3 M  

Combinatorial Constraints on Semantics 3.4.4 O  
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ANNEX B 
 

SECURITY CONSIDERATIONS  
  

(INFORMATIVE) 

B1 SECURITY BACKGROUND 

The SOIS DoT for EDSes for onboard devices is publicly available for use in design 
toolchains and is designed to accommodate extension by its users.  This openness may be 
exploited to affect adversely the operation of a toolchain.  Users must rely upon trusted 
manufacturers to provide safe EDSes. The specification of such security services is out of 
scope of this document. 

B2 SECURITY CONCERNS 

At the time of writing there are no identified security concerns. If confidentiality of data is 
required within a project, some degree of proprietary control may be obtained by using user-
defined ontologies that are never submitted to the DoT managing authority for integration 
into the SANA DoT. 

B3 POTENTIAL THREATS AND ATTACK SCENARIOS 

Potential threats and attack scenarios typically derive from outside the mission-manufacturer 
relationship and are therefore not the direct concern of the SOIS DoT. It is assumed that all EDSes 
within the spacecraft have been thoroughly tested and cleared for use by the mission implementer. 

B4 CONSEQUENCES OF NOT APPLYING SECURITY 

The security services are out of scope of this document and are expected to be applied at 
organizational layers above or below those specified in this document. If confidentiality is not 
implemented, science data or other parameters transmitted within the spacecraft might be misused. 

B5 RELIABILITY 

While it is assumed that the underlying mechanisms used to implement a toolchain operate 
correctly, the initial implementation of the DoT can make no promises of reliability.  After a 
sufficient body of experience with real EDSes has developed, useful estimates of reliability 
will be possible. 
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ANNEX C 
 

ABBREVIATIONS 
 

(INFORMATIVE) 

 
Term Meaning 

CCSDS Consultative Committee for Space Data Standards 

DACP device abstraction control procedure 

DAS Device Access Service 

DoT dictionary of terms 

DSAP device-specific access protocol 

DVS Device Virtualization Service 

EDS electronic data sheet 

ICS implementation conformance statement  

IUT implementation under test 

OMG Object Management Group 

OWL Web Ontology Language 

QUDV Quantities, Units, Dimensions, Values 

RDF Resource Description Framework 

RIU remote interface unit 

RL requirements list  

SANA Space Assigned Numbers Authority 

SEDS SOIS Electronic Data Sheet(s) 

SOIS Spacecraft Onboard Interface Services 

SpW SpaceWire 

SubMAS Subnetwork Memory Access Service 

SubPS Subnetwork Packet Service 

SW software 

TC telecommand 

TM telemetry 

W3C World Wide Web Consortium 

XML Extensible Markup Language 

XSD XML Schema Definition language 
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ANNEX D 
 

INFORMATIVE REFERENCES (INFORMATIVE) 

[D1] Organization and Processes for the Consultative Committee for Space Data Systems. 
Issue 4. CCSDS Record (Yellow Book), CCSDS A02.1-Y-4. Washington, D.C.: 
CCSDS, April 2014. 

[D2] Spacecraft Onboard Interface Services. Issue 2. Report Concerning Space Data System 
Standards (Green Book), CCSDS 850.0-G-2. Washington, D.C.: CCSDS, December 
2013. 

[D3] XML Telemetric and Command Exchange—Version 1.2. Issue 2. Recommendation for 
Space Data System Standards (Blue Book), CCSDS 660.0-B-2. Washington, D.C.: 
CCSDS, February 2020. 

[D4] Electronic Data Sheets and Common Dictionary of Terms for Onboard Devices and 
Components.  Proposed. 
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ANNEX E 
 

EXAMPLE DOT/XML ONTOLOGY INSTANTIATIONS 
  

(INFORMATIVE) 

The following excerpts from a SEDS for a star tracker demonstrate the information carried by 
semantic tags.  More complete examples appear in the associated green book (reference [D4]). 

The FloatDataType element below defines semantics that are common to many temperature 
measurements that appear in the housekeeping data for the star tracker. 

 

Any items of data that are of this type will be measurements, not set points.  They will 
represent temperature in units of analogue-to-digital counts. 

The Entry elements below use the FloatDataType above to define some of the items of data 
in a housekeeping packet produced by the star tracker. 

 

The first item is the temperature measured at the electronics box of the star tracker.  A 
calibrator element describes how to convert the raw temperature counts into Celsius degrees.  
The second item is the temperature measured at the focal plane, with a slightly different 
calibrator.  The ‘subject’ attributes in this case refer to parts in the model of operation of the 
star tracker, by tracing a path in model of operations. 

The ContainerDataType below defines a quaternion, which represents a rotation.  Such an 
object can be used to compute a rotational transformation from one coordinate system to 
another.  This definition does not specify the coordinate systems related by the 
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transformation; that information is left to be specified in the particular items of data that use a 
quaternion.  The semantic information in this definition is just the set of assumptions that are 
implicit in many implementations of quaternions; those assumptions appear once in this type 
definition and need not be repeated for each item of data that represents a quaternion. 

 

This definition clarifies the arrangement of parts, which can differ between groups of users, 
such as computer graphics displays and attitude control logic.  In this case, the real part of the 
quaternion appears first; in other contexts, the real part may appear last.  The algorithmically 
accessible identification of the real part is the ‘subject’ attribute of the semantics element, 
which traces a path through the model of operation for quaternions in general.  The 
‘shortDescription’ is unstructured text, and so is useful only to human readers.  By using 
standard semantic tags, quaternions from different sources, such as star trackers and graphics 
rendering packages, can be automatically adapted to the interface where they are used. 

The Entry element below defines an item of data measured by the star tracker, which is the 
rotation from Earth-centred inertial coordinates ‘J2000’ to the coordinates of the device. 

 

Another item of data in the star tracker SEDS defines the orientation of the mounting face of 
the device.  An item of data in the vehicle manifest defines the orientation of the star tracker 
mount relative to the vehicle coordinate system.  By composing these rotational 
transformations, it is possible to compute the attitude of the vehicle. 

 


