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1 Introduction

1.1 Purpose and Scope
This CCSDS White Book is an informational report that presents the CCSDS operational reference model for space data systems.

A reference model is an abstract, technology agnostic model of the concepts in a domain, used to communicate between organisations with different terminology. It can be seen as a taxonomy definition, intended to create common ground across organisational boundaries. The role of reference models in the context of architectural processes is illustrated below based on the definition from The OASIS Reference Model for Service Oriented Architectures [RMSOA].
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49 basis for describing references architectures and patterns that will define more specific categories
50 of SOA designs. Concrete architectures arise from a combination of reference architectures,
51 architectural patterns and additional requirements, including those imposed by technology
52 environments
53 Architecture must account for the goals, motivation, and requirements that define the actual
54 problems being addressed. While reference architectures can form the basis of classes of
55 solutions, concrete architectures will define specific solution approaches
56 Architecture is often developed in the context of a pre-defined environment, such as the
57 protocals, profiles, specifications, and standards that are pertinent
58 SOA implementations combine all of these elements, from the more generic architectural
59 principles and infrastructure to the specifics that define the current needs, and represent specific
60 implementations that will be built and used in an operational environment
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63 1.3 Audience

64 The intended audiences of this document include non-exhaustively:

65 « Architects and developers designing, identifying or developing a system based on the
86 servige-oriented paradigm.
67 + Standards architects and analysts developing specifications that rely on service oriented
68 architecture concepts.
89 + Decision makers seeking a "consistent and common" understanding of service oriented
70 architectures.
7 + Users who need a better understanding of the concepts and benefits of service oriented
72 architecture.
soames 2 August 2006
‘Gopyright © OASIS Open 2005-2006. Al Rights Reserve Page 5of3t

BRI YV @ © & 2 [w|s[rd[w] a0 20




The CCSDS operational reference model identifies the functional elements, the services and the information exchanged between functional elements in general terms. It thereafter maps the services and information model to CCSDS recommendations, showing where they are defined by international standards. 
The operational reference model is thus a generic model of the elements of space data systems embodying the basic goal and concepts behind the operations of a mission as well as how these have been addressed by CCSDS. It is intended to act as a template for specific mission solutions, helping identify the concerns that should be addressed and where they have been addressed. 

The operational reference model is neither a prescriptive definition of how a space data system must be implemented nor an architecture. It is an abstract model capturing the common concepts, which together with the CCSDS reference architecture (RASDS) can be used to create the actual architecture for a given mission.

The aim of this informal report is thus three fold

1. Provide an agreed taxonomy for mission operations;
2. Support missions in identifying the applicable CCSDS recommendations as part of the architectural phase; and
3. Support the CCSDS community in identifying areas that should be addressed by the community.

1.2 Mission Based

The identification of the operational entities within of the reference model has been done through the analysis of specific cross organisational mission architectures. 
The specific mission architectures have thereafter been mapped to the operational reference model, to validate the applicability of the reference model as well as to provide concrete examples of how the model can be used. This document contains such an example within section 4.
Currently the examples have been based on the ExoMars mission, a joint mission between NASA and ESA. The mission has been selected as it involves a close operational coordination between multiple agencies, thus capturing the core rational for CCSDS. 
1.3 Document Structure

Following this introduction, the document is organised into three main sections:

Section 2: Overview

This section provides an introduction to the goals and scope of the reference model, a description of the relationship to existing CCSDS recommendations and a summary of the proposed reference model.

Section 3: Operational Reference Model
Contains a descriptive model of the functions of the operational reference model, their service interfaces as well as a map between these and CCSDS recommendations covering the exchange.
Section 4: Information Model

The high-level information model, listing the information exchanged between functional elements and the CCSDS recommendations in which these are defined.
Section 5: Example: ExoMars

An example of how the model can be applied to a mission, in this case the ExoMars mission, to model the mission specific system architecture, the exchange of data and the recommendations being applied.
Appendix A:
Mapping of CCSDS Recommendations to Functions and Services 
1.4 References

The following documents are referenced in the text of this report. At the time of publication, the editions indicated were valid. All documents are subject to revision, and users of this report are encouraged to investigate the possibility of applying the most recent editions of the documents indicated below. The CCSDS Secretariat maintains a register of currently valid CCSDS documents.
[RMSOA] 

http://www.oasis-open.org/committees/download.php/19679/soa-rm-cs.pdf
[RMODP] 

http://www.rm-odp.net/
[UML]
 

http://www.omg.org/spec/UML/2.3/Infrastructure/PDF/
[CSTS-RM] 

TBD
[RASIG] 

TBD
[RASDS]

TBD

[IDEF0] 

http://www.idef.com/IDEF0.htm
1.5 Definition of Acronyms

UML
Unified Modelling Language
RMODP
Reference Model for Open Distributed Processing (ISO standard)

RASDS
Reference Architecture for Space Data systems (CCSDS recommendation)

SOA
Service Orientated Architecture

ODP
Open Distributed Processing

SLE
Space Link Extension

CSTS
Cross Support Transfer Services
1.6 Terms

	Term
	Definition

	Acquisition
	Acquisition describes the complete process to acquire data, from the sensing, through on-board storage, downlink, reception and processing.

	Controls
	Controls is an IDEF0 term for control requests affecting the behaviour of a functional element. A control statement can trigger the execution, change configuration or similar. [IDEF0]

	Downlink
	Data from the space assets to a receiving ground station. Requires visibility of the relaying space asset to the ground station. The data stream transmits the payload data and optionally engineering data.

	Engineering Data
	All data related to the status, monitoring and control of a space vehicle that is not science data, including housekeeping data and Event.

	Event
	The asynchronous notification of an occurrence in the space vehicle, transferred to the ground as part of the engineering data.

	Flight Operations
	The personnel and elements performing all the activities related to planning, execution and evaluation of control of the space segment or subsets thereof when in orbit

	Frame
	A CCSDS transfer frame.

	Function
	Following the CCSDS RASDS and RASIG recommendations a function is defined as a technology and implementation agnostic application level grouping of capabilities providing one or more services. The concept of function helps group related aspects of the system functionality, without assumptions about the underlying technologies and implementation.
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A function provides a capability to the system. It is defined in a technology agnostic manner, independent of implementation considerations. Different functions, such as ‘Engineering Data Storage’ and ‘Science Data Storage’, therefore have distinct and separated roles in the functional architecture, but may in an actual deployment map to the same system.

The function provides its services through service ports. The service interface defines the signature of the service; the operations that can be invoked and the messages exchanged through the interface.

In addition the function can provide zero or more management services through service management ports, supporting service provisioning, negotiation and configuration. The service management services are part of the RASDS concepts [RASDS, section 3.4] as well as the CCSDS RASIG.  

The function does not define any required interfaces. Which services are required to implement a function is implementation specific; a function may be implemented in different ways, based on different concepts and consuming different services. Modelling dependencies to specific service(s) required for a function would automatically assume a specific way of implementing the function, thus making the model non-implementation agnostic.

Each function is expected to operate following a set of ‘distribution transparencies’. Each transparency defines how the function and the services it provides must hide internal aspects of the service exchange. How the function implements the distribution transparency is technology and implementation specific.

Functions express capabilities that a distributed space segment system should possess to successfully operate a mission whist supporting interoperability. A function is a logical grouping of functionality exposed to other elements through one or more service interfaces.

The functional element does not reflect a system or an organisational part, but is a logical decomposition of the functionality required for the successful operation of a mission. Within a specific agency, the functions will be mapped to systems and organisational parts based on the agencies taxonomy. 

The functional model does not prescribe or assume a specific system architecture or organisational architecture. It describes what functions should be available from somewhere in the system, but not from where.

	Housekeeping Data
	The periodic reporting of space vehicle attributes, transferred to the ground as part of the engineering data

	Mechanism
	A mechanism is a IDEF0 term for static resources that are used by a ‘functional box’ to perform its operations. This could for example be CCSDS XTCE monitoring and control data definitions or CCSDS data compression algorithms. [IDEF0]

	Packet
	A CCSDS space packet.

	Reference Architecture
	“A reference architecture is a resource containing a consistent set of architectural best practices for use by all the teams in the organisation [or domain].” [IBM-RA]

	Reference Model
	“A Reference Model serves as the architecture taxonomy to establish the common architecture communication platform [within a domain.]” [RM-SOA]

	Payload Data
	Data returned from payloads sensors onboard a space asset, excluding housekeeping data and events.

	Space Vehicle
	A piece of hardware in space under operational control from earth and/or autonomous. Includes spacecraft, rovers as well as stationary structures.

	Taxonomy
	The taxonomy defines the vertical structure of the functions. It describes the hierarchical sub grouping of functions and the potential variations. The taxonomy does not attempt to create an exhaustive list of all allowed functions, but a taxonomy of the common set of functions within space data systems. A specific mission may use only a subset of the functions and may compliment the taxonomy at any point with additional functions. The taxonomy neither defines the flow nor the dependencies between functions.


2 Overview

2.1 Rational
CCSDS aims to define a consistent set of standards, supporting all inter-agency aspects of mission operations. A large number of standards have already been defined whilst others are in the process of being defined. The standards are defined by independent working groups operating in parallel, with each solving a specific problem domain.
The operational reference model is defined at the application layer of the CCSDS protocol stack. It focuses on application level functional elements and the services each element provides to support space missions.

The operational reference model help missions create an interoperable architecture and help them identify the relevant CCSDS recommendations, by providing well defined functional building blocks which can be incorporated into the mission architecture
2.2 Goals
The CCSDS reference model will support both the CCSDS standardization community and the architects of space data systems for specific missions;
· For the space data system architect the CCSDS operational reference model will provide a set of functional building blocks, which can be used to define a mission architecture. The functional blocks are technology and implementation agnostic.
A specific mission can adapt the reference model for the specific needs of the mission, defining the technologies applied when creating the specific mission architecture. A mission may use any number of functional blocks and may define its own blocks better suiting its needs. The usage of the functional blocks of the operational reference model has the benefit that it ensures compliance with the CCSDS service interfaces, i.e. supports the creation of an interoperable solution.
The operational reference model is thus a collection of standard building blocks, not an implementation template, that is, it guides the technology agnostic architecture specification of a space data system as well as the standards selection without limiting either the freedom in defining the appropriate architecture for a mission, or the actual implementation of the system.
· For the CCSDS standardization community the operational reference model can be used to perform the Enterprise Architecture tasks of

· Analysing the coverage of existing CCSDS standards by modelling existing system architectures using the operational reference model;

· Supporting the planning and apportionment of future CCSDS activities, thus avoiding overlaps between the CCSDS WGs that work in parallel; and

· Act as a harmonization of operational concepts.
2.3 Content

The operational reference model defines

· A set of reference model structures, called flows, consisting of chains of functional elements that are considered applicable to all missions. The flows can be extended and tailored for specific missions as described in the following section.

· A list of functional ‘building blocks’, describing the function of the element in general terms and the services is provides and requires. The services are mapped to CCSDS recommendations where applicable.

· A high level information model listing all information exchanged between functions. The information elements are mapped to CCSDSS recommendations where applicable.
2.4 Usage

The reference model is a guideline for generating specific architectures. It is not a prescriptive model, but a collection of common elements capturing common concepts in space data systems and which if used guarantee alignment with CCSDS.

A mission can take the reference model flows and specialize them for the mission. The specialization can be the extension with additional functional elements, services or information types, the exclusion of aspects of the model and/or the definition of a variance.

The mission can thereafter use the mapping of services and information elements to CCSDS recommendations to identify the CCSDS recommendations that should be considered by the mission.
2.5 Notation

The operational concepts have been modelled using a hybrid of UML and IDEF0 notation [IDEF0]. UML is excellent to show functional structure and decomposing the architecture into a hierarchy of elements. It is less ideal for illustrating end-to-end flows. Sequence and activity diagrams do not capture the fundamental difference between data interfaces, control interfaces and configuration interfaces. The IDEF0 diagrams are used to show the operational context, the end-to-end flows and identify the functions. UML is used to show the structural decomposition (the whole-part) relationships of functions.

The IDEF0 diagrams are used to identify the horizontal, end-to-end needs of the functional block. Each flow imposes a set of interfaces to the functional block, both for data flow as well as control and configuration. The contract of the functional block, the provided and required interfaces, can thus be identified and specified in a separate view.

The further functional decomposition of the functional block can be done using UML decomposition diagrams.

2.5.1 Flow Diagram

An IDEF0 diagram shows a chain of ‘functional blocks’ (called a box). Data flow into a block from the left and out of the box from the right. Controls are illustrated through flows into and out of the top of the box. Mechanism such as exchange formats, procedures, algorithms and configuration data needed to perform the function is shown as links into the bottom of the box.

A functional block corresponds directly to a function. It also corresponds directly to a functional component in a UML diagram.

Both the box itself and the connections are decomposable and can be described in further detail in composition diagrams.

Labels on the connections are used to identify the protocol. Trace links are used to show the CCSDS recommendation defining the connection. 
2.5.2 Functional Table

The functional table lists the functions forming part of the group. It defines the name of each function and describes it.

The CCSDS Service(s) column maps the function to CCSDS recommendations. As described in the previous section, functions can use recommendations in different ways

· Services. Services from recommendations defining application level capabilities provided by the function. The services can manage both input/output flows as well as control statements.

· Mechanisms. Recommendations defining exchange formats, algorithms, procedures and policies.
2.5.3 Taxonomy Diagram

The taxonomy diagram shows the relationship between functional elements from a taxonomical point of view, not from a dependency point of view. The model is created using standard UML component diagram notation.

The basic dependencies are

· Aggregation. An aggregation is used to show that a part is considered to be part of another element. Typically the part will be used to model the composition of the whole.

· Specialization. A specialization is used to show alternative ways (variances) of performing a function, possibly with different characteristics. The variance inherits all interfaces from its parent and must thus provide the same service interfaces. It may extend these with additional required and provided interfaces.

An example of specialization is the modelling of data relay for geostationary, near earth and deep space missions. Geostationary missions typically have a very simple relay consisting basically of the uplink and downlink. Low earth orbits are more complex as a continuous link frequently can’t be maintained and the data relay may thus contain intermediate storage, replayed when the link is (re)established. A deep space mission will typically have a data relay consisting of multiple relay stations, some of which may be on the surface of a planet or in orbit around another planet. Each variant serves the purpose of relaying data, but with fundamental different constraints and thus decompositions for the given mission.

2.5.4 Composition Diagram

The decomposition of a functional element of the reference model may use the standard functional elements or introduce missions specific elements. The decomposition uses the UML part concept; a functional element in a decomposition diagram is a runtime part (i.e. an instance of) a given function.

The decomposition of each connection may specify a specific protocol (or set of protocols) to be used. Per default the CCSDS set of protocols are provided. The protocols can be specified using UML sequence or activity diagrams. The IDEF0 diagrams neither support decision modelling nor timing issues. These can be modelled in the decomposition views of the connections between functional elements using standard UML sequence and/or activity diagrams.
2.6 Relationship to other Standards

The CCSDS RASDS reference architecture has been used to create the operational reference model. The reference architecture describes, in very general terms, how to define an architecture within a specific domain, the viewpoints and modelling constructs.

The CCSDS RASIG cross support reference model has been used to define the functional elements. Each functional element in this standard is thus an instance of a cross support function as defined in RASIG.

The CCSDS SM&C defines a set of application level mission operation services. The services are separated logically into common services and functional services, where the common services are services offered by the communication infrastructure to support the implementation of the functional services. Each functional service must be provided by one or more functions as identified in this recommendation. The functional services identified in SM&C thus maps directly to a subset of the service interfaces identified within this recommendation.
All CCSDS application level services are referenced, as provided by the functional elements.

3 Operational Reference Model
This section describes the functional reference model. 

It defines a set of reference model structures showing the flows of data between functional elements. It defines the functional elements of the structure, the services they provide and the CCSDS recommendations covering them. It defines the taxonomy of functional elements.
3.1 Overview

The operational reference model is based on simple concepts considered to be universal for all operations of space data systems; a data flow from space to ground called the return flow and a data flow from ground to space called the forward flow. For space data systems the flows are characterized by large physical distances and a physical link that may not be permanent. 
Maintaining the two flows is the key role of a number of functions such as orbit determination, relay planning and engineering planning. Another set of functions are the actual planning of the mission to reach its objectives, the payload planning and the creation of a mission plan considering all constrains.
The physical assets constituting the mission can from a hardware and software point of view be viewed as a hierarchically structured object, with each part consisting of other parts. Each part may generate data either through sensing or as monitoring states, consume control statements through commands and/or issue notifications as events.

The functional composition is related to the physical composition and focus on the capabilities that the system must provide. The relationship is not simple; a physical element may have many functions, a function may be distributed across many elements, and the same function may be instantiated many times in different locations.
The functional model may therefore partly reflect the expected physical separation but this is not an intentional correlation.

In this reference model no distinction is made between the data returned from / forwarded to space segment elements or ground segment elements; remote assets, whether on ground or in space, produce and consumes the flows. For a specific mission the data flows may be decomposed into sub flows, allowing different flows for the control of space assets and ground assets such as ground stations.
3.2 Perform Return Flow
The ‘perform return flow’ describes the function of transferring payload and engineering data (housekeeping data and events) from the space asset(s) to ground. 
3.2.1 Flow Model

Within the return flow three types of data is transferred; payload data sensed by on-board applications, monitoring data from space or ground segment elements called housekeeping data and asynchronous notifications from space or ground segment elements called events. 
The data chain from the space assets of the space segment to the operations and science centre of the ground segment is shown below. The functional elements are described in the following section.
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Figure 1: Perform Return Flow
3.2.2 Functional Elements

	Function
	Description
	CCSDS Service(s)

	Sense
	The data is acquired by the space asset by an on-board mechanism. The sensing can be both sensing of science data as well as status monitoring.
	-

	Process Payload Data
	Calibration and quality check of the payload data prior to dissemination.
	-

	Monitor Science Payload
	Monitoring of the science instruments based on payload engineering data. 
	-

	Process Engineering Data
	The engineering data is evaluated within the operations centre to determine the state of the remote assets.
	660.0-B-1 XTCE

	Perform Trend Analysis
	Function for generating long term trend reports.
	-

	Monitor Engineering Status
	The monitoring function supports the automatic and/or manual validation that all ground and space segment resources (hardware, software, and network) are operating nominally. The monitoring and control function makes visible and traceable activities of the ground segment.

It may impact the activities of operators, i.e. trigger intervention through the control function.
	521.1-R-2 Parameters Service

	Store Long Term Products
	The storage and management of information objects over long periods of time. Requires the capture of the meta-data related to the information objects (format, encoding, compression, etc) as well as the data itself.

An information object can be of any data format (including proprietary), including but not limited to files containing packets or frames.
	650.0-B-1 OAIS

651.0-B-1 Archive Service 

522.0-R-2 Replay Service

522.0-R-2 Retrieval Service



	Manage Data Product
	Control, management and transfer of mission data products including their delivery to mission exploitation systems
	-

	Ingest
	The ingestion function receives data from space or ground segment sources, quality checks the data itself and the associated metadata, The data and meta-data form an Information Object as defined by CCSDS OAIS.
	-

	Disseminate
	The dissemination function delivers the final product to the user, by means of physical media, electronic distribution or electronic server access. Therefore, dissemination is concerned with the preparation of the delivery media in case of offline delivery and the management of online access
	632.0-B-1 SFDU

622.0-B-1 SFDU

620.0-B-2 SFDU

661.0-B-1 XFDU

	Perform Time Correlation
	Function to determine the time correlation.
	521.1-R-2 Time Service


Table 1: Functions of Perform Return Flow
3.2.3 Taxonomy
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Figure 2: Taxonomy of Perform Return Flow
3.3 Perform Forward Flow

3.3.1 Flow Model

Within the forward flow, generated control statements are transferred from the operations centre, acting as the hub of all control, to all other parts of the space and ground segment. The request for the generation of control statements is typically the result of a complex planning process, involving payload planning, orbit determination and relay planning.

The flow is illustrated below.
[image: image6.emf]  class Forward Flow

Functions::Create 

Control Statement

Functions::Manage 

Execution

Functions::Execute

Control Statement

Functions::Relay 

Data

Control Statement

TM&TC Definitions

Control

Statement

Control Statement

Control

Statement


Figure 3: Perform Forward Flow

3.3.2 Functional Elements
	Function
	Description
	CCSDS Service(s)

	Create Control Statement
	Based on a plan the control statement(s) are created, scheduled and released. The control statement may be validated and stored as part of the function.
	521.1-R-2 Action Service

	Maintain Data Flow
	See section 3.5
	-

	Relay Data
	See section 3.4.
	-

	Manage Execution
	Reception and validation of the command prior to execution. May include scheduling.
	-

	Execute
	The command is performed by the space asset.
	-


Table 2: Functions
3.3.3 Taxonomy
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Figure 4: Taxonomy of Perform Forward Flow
3.4 Relay Data
3.4.1 Flow Model

The relay data function transfer data to/from a space asset from/to a ground asset, potentially through multiple ground and space hubs. The link from ground centre to ground station is managed through a space link extension. The link from ground station to space craft is managed through a space link. The link between space assets is managed through a proximity link. Data may be temporarily stored at different hubs due to unavailability of the link.

Depending on the physical mission architecture as well as the availability of resources the ‘relay data’ function can be a complex, composite function with many sub functions. The decomposition of the function is thus highly mission dependent, even when the parts are generic.

If a delay tolerant network protocol is used, then many of the sub functions will not be of concern to the mission. 
3.4.2 Functional Elements

	Function
	Description
	CCSDS Service(s)

	Store Data
	The temporary storage and management of return data. The internal format is not constrained, but is typically a binary sequence of CCSDS
 space packets or frames.

The function contains as sub-functions the injection, management, and dissemination, of data, based upon configuration and/or requests.
	522.0-R-2 Replay Service

522.0-R-2 Retrieval Service

	Receive Downlink
	The reception function receives the payload data downlinked by the satellite. This might be either remotely sensed data or data played back from an on-board recorder. This function includes the demodulation of the down-linked data stream and the de-multiplexing, synchronization and reconstruction of the payload data in computer compatible format.
	732.0-B-2 CCSDS Frame

	Produce Proximity Link
	The creation and management of a proximity link (space-to-space link).
	211.0-B-4 Proximity Link
211.1-B-3 Proximity Link

211.2-B-1 Proximity Link

	Produce Space Link
	The creation of a space to ground lino.
	132.0-B-1 Space Link Protocol

	Produce Space Link Extension
	The creation and management of a ground link extending the space link.
	911.1-B-2 RAF
912.1-B-2 CLTU

912.3-B-1 FSP

914.0-M-1 API

915.1-M-1 RAF API

915.2-M-1 RCF API

915.5-M-1 ROCF API

916.1-M-1 CLTU API

916.3-M-1 FSP API

	Transmit Uplink
	Function for transmitting the command statements to the space assets. This function includes the modulation of the uplinked data stream.
	131.0-B-2   Synchronization and Channel Coding


Table 3: Functions of Relay Data
3.4.3 Taxonomy
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Figure 5: Taxonomy of Relay Data
3.5 Maintain Data Flow
3.5.1 Flow Model

The ‘maintain data flow’ function will based on the payload requests, the available resources, the relay planning and pointing, the current and future orbit projections as well as other factors, create a conflict free plan and timeline of operations, which will later be converted into control statements either through an automated process or manually. 
The process can be very complex, with negotiations between organisational entities as well as replanning based on resource constraints.
The planning must consider many different ‘plan aspects’, such as;

· The payload requests from the payload control centre for observations.

· The positional and pointing constraints as provided by flight dynamics.

· The planning of relay path for data relays over long distances.

· The availability of ground stations.

· The engineering constraints such as available resources and routine operations by mission control.  
3.5.2 Functional Elements

	Function
	Description
	CCSDS Service(s)

	Calculate Flight Dynamics
	Function for predicting and tracking the orbit of a space asset, including orbit and attitude determination and other navigation related functions.

The orbit prediction and determination function is the generation of attitude and state vectors that describe the projection of the space assets for certain time intervals. They are computed either beforehand (predicted orbit) or afterwards with different accuracies (restituted orbit, precise orbit).
	521.1-R-2 Orbit Service
521.1-R-2 Attitude Service
521.1-R-2 Predict Service

	Execute Procedure Automation
	Automation of procedure execution on a case by case basis, or triggered by events.
	-

	Execute Relay Plan
	Relay Planning finishes with the allocation of overflights to the “Relay Service Consumer”. Relay Execution starts with the submission of commanding products to the “Relay Service Provider
”.
	-

	Execute Schedule Automation
	Automation of the mission timeline execution.
	-

	Manage Onboard Software
	The management of the onboard software, including the monitoring of onboard images and the upload of new images.
	521.1-R-2 On-Board Software Service

	Manual Operations
	Human Computer Interface (HCI) function in support of human operators, including status displays and manual control interfaces that enable manual execution of mission operations.
	-

	Perform Contact Management
	Function to predict and manage the contacts from the ground station to the space segment. Generate station view periods for planning and scheduling purposes.
	910.4-B-2 SCCS Service Management

	Perform Engineering Planning
	Coordinating functions for the routine operations for the space vehicle as well as the payload and the directives required to meet the scientific plan.
	521.1-R-2 Schedule Service

521.1-R-2 Planning Request

	Perform Long Range Planning
	Ground station resource planning for long range resource usage.
	-

	Perform Relay Pass Planning
	The planning and management, including coordination and negotiation, of data relays between space vehicles. Relay planning constitutes among others the evaluation of availability of overflight passes, selected passes and pass characteristics.
	-

	Plan Aspect
	An abstract function acting as a grouping for the different planning aspects to be considered.
	-

	Plan Science Payload
	The planning of the scientific instruments. Includes conflict resolution, the validation correctness and completeness of all Science Operation inputs required for functions such as the mission planning activities for the spacecraft instruments. In particular, all activities concerning scientific co-ordination of the payload operations schedule and conflict resolution within Science Operations are the responsibility of this function.
	-

	Resolve Aspect Plan Conflicts
	Function taking the input from all planning aspects and creating an actual plan. The plan may involve negotiation and reiterations over input, until a conflict free plan has been created.
	-

	Resolve Plan Aspect Conflicts
	The acquisition planning function is the computation of a non-conflicting timeline of activities for the space segments and for corresponding reception activities of the stations. The purpose of this function is to fulfil acquisition requests. The planned activities comprise sensing, recording, downlink and reception. Planning has to take into account constraints like budgets, capacities and receiving station availabilities. Planning has to solve possible conflicts among acquisition requests and with the constraints.

Part of this function is cross-mission reception conflict resolution, e.g. in case of interference between downlinks of different satellites.
	-

	Track Spacecraft

	The tracking of space vehicles, including delta-DOR and radiometric capabilities.
	521.1-R-2 Position Service
910.4-B-2 Trajectory Prediction service


Table 4: Functional Elements of Maintain Data Flow
3.5.3 Taxonomy
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Figure 6: Taxonomy of Maintain Data Flow
4 Information Model

The information model of the reference architecture lists only the high-level information types referenced by the services of the functional elements.

The diagram below shows the information model of the reference model.
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Figure 7: Information Model
	Information Element
	Description
	CCSDS Reference

	Control Statement
	
	

	Corrective Measures
	Definition of algorithms and procedures for transforming payload into payload products.
	

	Disseminate Request
	A request for data dissemination. Can be subscription based on a direct delivery dependent.
	

	Flight Dynamic Products
	Products related to the physical position and pointing of space assets as well as the analysis of previous positions and future projections.

	Orbit Data Messages [CCSDS 502.0-B-2]

Attitude Data Message [CCSDS 504.0-B-1]

	Management Policies
	Policies for management of a (set of) data products, ensuring the usability of the products over long periods of time.
	

	Engineering Data
	Raw housekeeping data reporting the status of elements of the physical architecture either periodically or upon requests, and events issued asynchronously as notifications.
	

	Engineering Products
	Products derived from engineering data, such as calibrated values, validity states, as well as long term performance and trend reports.
	

	Operational Procedures
	Procedures for operation of the mission.
	

	Payload Data
	Raw data from the payloads.
	

	Payload Products
	The data products derived from the payload data using the ‘Corrective Measures’, i.e. correction for hardware errors and similar.
	

	Payload Request
	Request for payload products.
	

	Planning Files
	Information defining the mission plan
	

	Time Correlation
	The data used to perform time correlation.
	

	TM&TC Definition
	The definition of telemetry and command structures, including their behaviour such as value limits and verification stages.
	

	Tracking Data
	Spacecraft tracking data.
	Tracking Message [CCSDS 503.0-B-1]


Table 5: Information Elements
5 Example: ExoMars
This section illustrates the usage of the operational reference model to model the ExoMars space data system.

ExoMars has been selected as a reference mission, as the program involves a complex ground segment as well as space segment with multiple vehicles, operated on a joint collaboration between agencies (NASA and ESA).

5.1 Mission Overview

The ExoMars Programme will demonstrate key flight and in situ enabling technologies in support of the European ambitions for future exploration missions, and will pursue fundamental scientific investigations.

The objectives of the ExoMars Programme will be pursued as part of a broad cooperation with NASA that will build towards a cooperative Mars Sample Return mission in the following decades. Two missions are foreseen within the ExoMars Programme for the 2016 and 2018 launch opportunities to Mars.

The 2016 mission is an ESA led mission that will be launched by a NASA supplied rocket. ESA will supply a Mars Orbiter Module (OM) - also known as Trace Gas Orbiter (TGO) -that will carry an Entry, Descent and Landing Demonstrator Module (EDM) also supplied by ESA. NASA scientific instruments will be accommodated on the ExoMars TGO to support the search and localization of Methane sources on Mars.

The 2018 mission is a NASA led mission with the contribution of a Rover Module (RM) by ESA. The ESA RM will be accommodated in the Sky Crane landing system and will share the journey with a NASA supplied Rover. Both Rovers will arrive at the same site on Mars and start independent but coordinated surface missions after safe landing and egress from the landing platform.

5.2 Architecture 2016

The diagram below shows the high level ExoMars specific operational architecture model for the year 2016, based on the operational reference model described in section 3.
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Figure 8: ExoMars Architectural Model 2016 Composition
The ExoMars architecture has been defined as four parts specializing the elements of the reference model
· The ExoMars Return Flow function. 

· The ExoMars Forward Flow function.

· The ExoMars Relay Data function, used by the return and forward flows.

· The ExoMars maintain flow function, managing the planning of the mission and the maintenance of the return and forward flows.

Each part is described in detail in the following sections. 

5.2.1 ExoMars Return Flow - Composition
The ExoMars 2016 return flow is shown below. Functional parts provided by ESA are shown in blue. Functional parts provided by NASA in green.
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Figure 9: ExoMars 2016 Return Flow Composition
The table below lists the parts and the function they are an instance of. The CCSDS Service(s) column show which CCSDS service is used (green) or could be used (grey) by ExoMars in 2016.

	Function
	Part
	CCSDS Service(s) Used

	Sense
	‘surface’ providing payload and engineering data of the lander.
	None

	
	‘gasTrace’ providing payload and engineering data of the NASA gas trace instrument.
	None

	Perform Trend Analysis
	Function for generating long term trend reports.
	[CCSDS 520.0-G-3]

	Monitor Engineering Status
	‘ops’ performing the monitoring of the mission.
	None

	Store Long Term Products
	‘LTA’ performing long term archiving
	Archive Service [CCSDS 651.0-B-1]

Replay Service [CCSDS 522.0-R-2]

Retrieval Service [CCSDS 522.0-R-2]

	Ingest
	‘ingest’ performing the validity and consistency check of the data.
	None.

	Disseminate
	‘disseminate’ for the dissemination of products.
	CCSDS XFDU

	Perform Time Correlation
	‘timeCorrelation’ calculating the actual time based on time correlation mechanisms.
	Time Service [SM&C]


Table 6: ExoMars Return Flow Parts
5.2.2 Exomard Forward Flow – Composition

The ExoMars 2016 forward flow is shown below. Functional parts provided by ESA are shown in blue. Functional parts provided by NASA in green.
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Figure 10: ExoMars 2016 Forward Flow Composition

The table below lists the parts and the function they are an instance of. The CCSDS Service(s) column show which CCSDS service is used (green) or could be used (grey) by ExoMars in 2016.

	Function
	Part
	CCSDS Service(s) Used

	Create Control Statement
	‘spacon’ the creation of control statements based on planning files and manually.
	Action Service [SM&C]

	Manage Execution
	‘orbiterStack’ performs onboard management and scheduling of commands for the orbiter.
	None

	
	‘landerStack’ performs onboard management and scheduling of commands for the lander.
	None

	Execute
	‘orbiterExecute’ the execution of commands onboard the orbiter.
	None

	
	‘landerExecute’ the execution of commands onboard the lander.
	None


Table 7: Parts of ExoMars Forward Flow Composition
5.2.3 ExoMars Data Relay - Composition
The ExoMars 2016 data relay is shown below. Functional parts provided by ESA are shown in blue. Functional parts provided by NASA in green.
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Figure 11: ExoMars 2016 Data Relay Composition
The table below lists the parts and the function they are an instance of. The CCSDS Service(s) column show which CCSDS service is used (green) or could be used (grey) by ExoMars in 2016.
	Function
	Part
	CCSDS Service(s) Used

	Store Data
	‘roverStorage’ for intermediate storage onboard the rover.
	Replay Service [CCSDS 522.0-R-2]

Retrieval Service [CCSDS 522.0-R-2]

	
	‘orbiterStorage’ for intermediate storage onboard the orbiter.
	Replay Service [CCSDS 522.0-R-2]

Retrieval Service [CCSDS 522.0-R-2]

	Receive Downlink
	‘returnEstrack’ for the reception in the ESTRACT GNSS.
	CCSDS Frame

	
	‘returnDsn’ for the reception in the DSN GNSS.
	CCSDS Frame

	Produce Proximity Link
	‘roverOrbiter’ for the data transmission between the rover and the orbiter.
	CCSDS proximity link

	Produce Space Link
	‘orbiterEstrack’ for the data transmission between the orbiter and the ground station.
	CCSDS Space Link

	
	‘orbiterDns’ for the data transmission between the orbiter and the ground station.
	CCSDS Space Link

	Produce Space Link Extension
	‘estractOcc’ for the data transmission between the ESTRACK GNSS and the OCC.
	CCSDS SLE

	
	‘dnsOcc’ for the data transmission between the DNS GNSS and the OCC.
	CCSDS SLE


Table 8: ExoMars Data Relay Parts
5.2.4 ExoMars Maintain Flow - Composition
The ExoMars 2016 maintain flow is shown below. Functional parts provided by ESA are shown in blue. Functional parts provided by NASA in green.
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Figure 12: ExoMars 2016 Maintain Flow Composition
The table below lists the parts and the function they are an instance of. The CCSDS Service(s) column show which CCSDS service is used (green) or could be used (grey) by ExoMars in 2016.

	Function
	Part
	CCSDS Service(s) Used

	Calculate Flight Dynamics
	‘SRA_ADC_aeroBreaking’ the NASA centre performing the aero breaking calculations.
	Orbit Service [SM&C]

Attitude Service [SM&C]

Predict Service [SM&C]

	
	‘OMOC_FD’ the ESA flight dynamic centre as part of the OMOC.
	Orbit Service [SM&C]

Attitude Service [SM&C]

Predict Service [SM&C]

	Manage Onboard Software
	‘OMOC_obsw’ for the management of the onboard software.
	On-Board Software Service [SM&C]

	Perform Engineering Planning
	‘OMOC_operations’ for the engineering planning of the mission.
	SM&C Schedule Service

SM&C Planning Request

	Perform Relay Pass Planning
	‘SRA_RP’ the NASA centre performing the relay planning.
	None

	Plan Science Payload
	‘lander’ for the planning of the instruments of the lander.
	None

	
	‘gasTrace’ for the planning of the instruments for the gas trace instrument of the orbiter.
	None

	Resolve Aspect Plan Conflicts
	‘OMOC_MissionPlanning’ for the resolution of all planning conflicts.
	None

	Track Spacecraft

	‘estractTracking’ for the tracking using ESTRACK GNSS
	Position Service [SM&C]

	
	
	Trajectory Prediction service [SLE-SM]

	Track Spacecraft

	‘dsnTracking’ for the tracking using DSN GNSS
	Position Service [SM&C]

	
	
	Trajectory Prediction service [SLE-SM]


Table 9: ExoMars Maintain Flow Parts
00
ANNEX A :  Mapping of CCSDS Recommendations to Functions and Services

The table below shows the mapping of the existing application level (including application program interfaces - APIs) CCSDS recommendations to the functions of the operational reference model.

A recommendation may be used by a function in two different ways
· Service. The services defined by the recommendation is provided / used by the function.

· Mechanisms. The layout definition, algorithms, procedures and/or policies defined in the recommendation is used by the function.

	Recommendation
	Description
	Function

	232.0-B-1
	TC Space Data Link Protocol
	Transmit Uplink

	521.1-R-2
	SM&C Common Services
	Monitor Engineering Status
Perform Time Correlation

Create Control Statement

Calculate Flight Dynamics

Manage Onboard Software

Perform Engineering Planning

Track Spacecraft

	522.0-R-2
	SM&C Core Services
	Store Long Term Products

	630.0-B-1
	Control Authority Procedures
	

	650.0-B-1
	Reference Model for an Open Archival Information System
	Store Long Term

	651.0-B-1
	Procedure Archive Interface Methodology Abstract Standard
	Store Long Term

	727.0-B-4
	CCSDS File Delivery Protocol
	Store Data

	732.0-B-2
	AOS Space Data Link Protocol
	Receive Downlink

	910.4-B-2
	Space Communication Cross Support  Service Management
	Perform Contact Management
Produce Space Link Extension

Track Spacecraft

	911.1-B-2
	SLE RAF
	Produce Space Link Extension

	912.1-B-2
	SLE Forward CLTU
	Produce Space Link Extension

	912.3-B-1
	SLE Forward Space Packet
	Produce Space Link Extension

	914.0-M-1
	SLE Application Program Interface for Transfer Services
	Produce Space Link Extension

	915.1-M-1
	SLE Application Program Interface for RAF
	Produce Space Link Extension

	915.2-M-1
	SLE Application Program Interface for RCF
	Produce Space Link Extension

	915.5-M-1
	SLE Application Program Interface for ROCF
	Produce Space Link Extension

	916.1-M-1
	SLE Application Program Interface for the Forward CLTU
	Produce Space Link Extension

	916.3-M-1
	SLE Application Program Interface for the Forward Space Packet
	Produce Space Link Extension

	632.0-B-1
	SFDU Control Authority Data Structures
	Disseminate

	622.0-B-1
	SFDU Referencing Environment
	Disseminate

	620.0-B-2
	SFDU Structure and Construction Rules
	Disseminate

	661.0-B-1
	XML Formatted Data Units (XFDU)
	Disseminate

	660.0-B-1
	XML Telemetric and Command Exchange (XTCE)
	Process Engineering Data
Control Engineering Status

	211.0-B-4
	Proximity-1 Space Link Protocol—Data Link Layer
	Produce Proximity Link

	211.1-B-3
	Proximity-1 Space Link Protocol—Physical Layer
	Produce Proximity Link

	211.2-B-1
	Proximity-1 Space Link Protocol—Coding and Synchronization Sublayer
	Produce Proximity Link

	131.0-B-2  
	TM Synchronization and Channel Coding
	Transmit Uplink

	132.0-B-1
	TM Space Data Link Protocol
	Produce Space Link


Table 10: Mapping of Existing CCSDS Recommendations
� Extract from ‘EXM-GS-TNO-ESC-00005’, issue 2 (draft) dated 06/10/2010





�In the future, on-board files may just be files, so I’d be tempted to say something that sounds less definitive such as “this might be a binary sequence of ….. or any other structure”.


�I don’t know what this means. I suspect you mean relaying the data from  groundstation to the M&C platform, but I’m guessing.


�Peter Shames comment 6


�Peter Shames comment 6


�Peter Shames comment 6
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