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FOREWORD

At time of publication, the active Member and Observer Agencies of the CCSDS were:

Member Agencies
· Agenzia Spatiales Italiana (ASI)/Italy.

· British National Space Centre (BNSC)/United Kingdom.

· Canadian Space Agency (CSA)/Canada.

· Centre National d’Etudes Spatiales (CNES)/France.

· Deutsches Zentrum für Luft- und Raumfahrt e.V.  (DLR)/Germany.

· European Space Agency (ESA)/Europe.

· Federal Space Agency (FSA)/Russian Federation.

· Instituto Nacional de Pesquisas Espaciais (INPE)/Brazil.

· Japan Aerospace Exploration Agency (JAXA)/Japan.

· National Aeronautics and Space Administration (NASA)/USA.

Observer Agencies
· Austrian Space Agency (ASA)/Austria.

· Central Research Institute of Machine Building (TsNIIMash)/Russian Federation.

· Centro Tecnico Aeroespacial (CTA)/Brazil.

· Chinese Academy of Space Technology (CAST)/China.

· Commonwealth Scientific and Industrial Research Organization (CSIRO)/Australia.

· Communications Research Laboratory (CRL)/Japan.

· Danish Space Research Institute (DSRI)/Denmark.

· European Organization for the Exploitation of Meteorological Satellites (EUMETSAT)/Europe.

· European Telecommunications Satellite Organization (EUTELSAT)/Europe.

· Federal Science Policy Office (FSPO)/Belgium.

· Hellenic National Space Committee (HNSC)/Greece.

· Indian Space Research Organization (ISRO)/India.

· Institute of Space Research (IKI)/Russian Federation.

· KFKI Research Institute for Particle & Nuclear Physics (KFKI)/Hungary.

· MIKOMTEK:  CSIR (CSIR)/Republic of South Africa.

· Korea Aerospace Research Institute (KARI)/Korea.

· Ministry of Communications (MOC)/Israel.

· National Oceanic & Atmospheric Administration (NOAA)/USA.

· National Space Program Office (NSPO)/Taipei.

· Space and Upper Atmosphere Research Commission (SUPARCO)/Pakistan.

· Swedish Space Corporation (SSC)/Sweden.

· United States Geological Survey (USGS)/USA.
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1 Systems engineering area

2 mission operations and information management services area

3 cross support services area

4 spacecraft onboard interface services area

5 Space link services area

6 space internetworking services area

6.1 CFDP Interoperability Testing Working Group

	Title of Group
	6.1 CFDP Interoperability Testing Working Group

	Chair
	Richard Carper

	Area Director
	Robert Durst

	Mailing List
	sis-cit-all@mailman.ccsds.org


6.1.1 RATIONALE

In order to aid in the finalization of the protocol specification and to increase the confidence of potential users in the CCSDS CFDP, a series of interoperability tests was designed, documented, and executed among the several different CCSDS member Agencies’ implementations of the Core Procedures of the CFDP. This approach was so successful in meeting those objectives that it has been determined to extend such testing to the Extended Procedures and the Store and Forward Overlay Procedures of the CFDP. This Working Group will fulfill that goal.

6.1.2 GOALS

1. Design, document, review, correct, and execute interoperability tests for the CFDP Extended Procedures, and the CFDP Store and Forward Overlay Procedures;

2. Make the resulting test documents (“Test Notebooks”), as well as a report on the results of the testing executed, available on an appropriate CCSDS-sponsored web site for review and use by potential protocol users;

3. Report any problems with the CFDP Extended Procedures identified in testing to the Space Internetworking Services Area for action on correcting the protocol and/or the Blue Book;

4. Report any problems with the CFDP Store and Forward Overlay Procedures identified in testing to the Space Internetworking Services Area for action on correcting the protocol and/or the Blue Book.

6.1.3 SCHEDULE AND DELIVERABLES

	Date
	Milestone

	1 June 2003
	WG established

	1 February 2004
	Draft Testing Notebooks distributed for review by WG

	23 August 2004 
	Initial interoperability testing (“shakedown testing”) begins

	6 October 2004
	SFO test series begins 

	15 April 2005
	Extended Procedures test series begins 

	13 June 2005
	Face-to-face Workshop at JPL 

	30 June 2005
	SFO test series complete 

	29 July 2005
	Extended Procedures test series complete 

	16 September 2005
	Test Execution Report and final Test Notebooks available 

	30 September 2005
	WG dissolved


6.1.4 RISK MANAGEMENT STRATEGY

6.1.4.1 Technical Risks

The task of the WG is well understood and the WG members participated in the Core Procedures testing and are experienced in the work. There is very little technical risk. Schedule risk is as always dependent on a) commitment of resources, and b) interference in the WG members work by higher priority work in their home Agencies. The resources have been committed by NASA and ESA. Interference by higher priority work does not at this time seem a problem. Fallback options are a) extension of the schedule, and/or b) rearrangement of testing participants.

6.1.4.2 Management Risks

Security Issues: There are no security issues within the domain of this WG.

6.1.5 RESOURCE REQUIREMENTS

1. For the generation of the testing and documentation, it is estimated that the test designer/documenter will require approximately 80 hours, and the reviewers 16 hours each;

2. For the shakedown testing, it is estimated that the test monitor will require 24 hours and that each test participant will require 16 hours;

3. For the first test series, it is estimated that the test monitor will require 60 hours and that each test participant will require 40 hours;

4. For the second test series, it is estimated that the test monitor will require 40 hours and that each test participant will require 30 hours;

5. For the final test report and the final version of the Test Notebooks, it is estimated that the documenter will require 40 hours and that each WG member will need 8 hours;

6. The resource requirement per participant is therefore 244 hours for the documenter/monitor and 110 hours for each WG member/test participant.  Assuming that the test participants are ESA/ESTEC and NASA/JPL, the total resources required equal 464 hours.

6.2 Unacknowledged-CFDP Working Group

	Title of Group
	6.2 Unacknowledged-CFDP Working Group

	Chair
	Scott Burleigh

	Area Director
	Robert Durst

	Mailing List
	sis-uce@mailman.ccsds.org


6.2.1 RATIONALE

In order to operate properly over unit-data transfer (UT) layer implementations that perform their own retransmission, CFDP in unacknowledged mode must better tolerate the routine arrival of metadata and file data after the arrival of the EOF PDU for the same transaction.  A simple solution would be for EOF arrival to trigger a timer cycle, similar to the NAK timer cycle in acknowledged mode, which checks transaction completeness periodically.

6.2.2 GOALS

1. Draft the CFDP Recommendation revisions needed to effect this new behavior;

2. Modify a CFDP implementation to comply with the revised specification.  Note:  Because the revised procedures are unilateral (there is no reciprocal protocol traffic), there is no interoperability issue;

3. Demonstrate the modified implementation;

4. Submit the revisions for incorporation into the CCSDS Recommended Standard for CFDP.

6.2.3 SCHEDULE AND DELIVERABLES

	Date
	Milestone

	31 October 2003
	WG established

	14 November 2003
	Published proposed revisions to CCSDS 727.0-B-1 as a proposed Standard

	19 December 2003
	JPL demonstration of initial implementation of the proposed Standard; WG analyzes results

	12 November 2004
	Publish final revisions (“pink sheets”) as a draft Standard

	15 November 2004 - 
7 February 2005
	Agency Formal Reviews

	7 February 2005
	Submit draft Standard for acceptance as a Recommended Standard, revising CCSDS 727.0-B-2


6.2.4 RISK MANAGEMENT STRATEGY

6.2.4.3 Technical Risks

The problem and proposed solution are well understood, as they are derived from existing, tested CFDP functionality.  Technical risk is minimal.

6.2.4.4 Management Risks

Programmatic risks:

· Unavailability of resources could delay achievement of milestones.  Fallback option would be to reschedule the milestones.

· Because the proposed solution is backward-compatible with existing implementations, agency opposition should be minimal.  In the event of unanticipated opposition from one or more member agencies, achievement of consensus on the proposed revisions to CFDP could be delayed.  Fallback option would be to reschedule the milestones or cancel the work item.

6.2.5 RESOURCE REQUIREMENTS

1. Three NASA/JPL protocol engineers at 10% time commitment for five months;

2. One NASA/GSFC protocol engineer at 10% time commitment for five months;

3. One ESA/ESTEC protocol engineer at 10% time commitment for five months.

6.3 CCSDS Packet Protocol Working Group

	Title of Group
	6.3 CCSDS Packet Protocol Working Group

	Chair
	Dai Stanton

	Area Director
	Robert Durst

	Mailing List
	sis-spp@mailman.ccsds.org


6.3.1 RATIONALE

The CCSDS Packet Protocol has been drafted as part of the CCSDS subnetwork and network restructuring activity. It defines the Network layer role of the CCSDS Packet. The purpose of this activity is to produce pink sheets relating to a correction to the packet addressing context.

6.3.2 GOALS

The goal of this Working Group is to review and if necessary, revise the CCSDS Packet Protocol and recommend its adoption as a CCSDS standard.

6.3.3 SCHEDULE AND DELIVERABLES

	Date
	Milestone

	17 November 2003
	Draft Pink Sheets for SIS review

	24 November 2003
	Pink Sheets for Agency review

	8 December 2003
	RID closure

	15 December 2003
	WG dissolved


6.3.4 RISK MANAGEMENT STRATEGY

6.3.4.5 Technical Risks

Agency review results in extensive or substantial RIDs. Unlikely because only one RID was achieved on the whole recommendation and the Pink Sheet modification is simple, well understood and in line with current practice.

6.3.4.6 Management Risks

Required resources are very scarce (less than half a man day for each of the two participating resources) resulting in low risk.

6.3.4.7 Security Issues

Options for securing CCSDS links are identified in CCSDS 350.0-G-1.

6.3.5 RESOURCE REQUIREMENTS

	Lead Agency
	BNSC: 16 hours for review

	Participating Agencies
	JAXA: 8 hours for response to review

	
	NASA: 4 hours to confirm SIS approval


6.4 cislunar space internetworking Working Group

	Title of Group
	6.4 Cislunar Space Internetworking Working Group

	Chair
	Keith Scott

	Area Director
	Robert Durst

	Mailing List
	sis-csi@mailman.ccsds.org


6.4.1 RATIONALE

The discovery of water ice at the Moon's poles and evidence of a history of water on Mars has prompted increased interest in executing an expanded program of human and robotic exploration missions to the Moon and Mars.  A unified data communications architecture and protocol suite is needed to support these new missions, with Lunar infrastructure being forward-compatible to Mars; this will increase opportunities for cross-support and reduce costs.

6.4.2 GOALS

The Cislunar Space Internetworking WG is chartered to perform the following work by 1 April 2007:

1. Create a top-level architecture and operations concept (CCSDS Green Book) for communicating effectively over the whole range of cislunar distances. The architecture will address the projected needs of new lunar exploration programs and their mapping into (and interoperation with) similar capabilities that will be needed on and around Mars;

2. Review current and emerging CCSDS standards and recommend any updates required to keep them current and to support cislunar communication (Green Book, Pink Sheets);

3. Examine the spectrum of new Internet development activities that are proceeding within Internet standardization groups, such as the Internet Engineering Task Force (IETF), and identify where they may be applicable to the operations concept developed above.  Candidate activities include:

a. The Stream Control Transmission Protocol (SCTP);

b. The Datagram Congestion Control Protocol (DCCP);

c. Voice Over IP (VOIP);

d. Disruption Tolerant Networking (DTN);

e. LEMONADE enhancements to Internet email to support diverse service environments;

f. Internet over Digital Broadcast Video Networks.

4. Recommend standards for cislunar communications (CCSDS Red/Orange Books) with the proviso that these standards should, whenever possible, be extensible to larger communications distances such as Earth-Mars.

6.4.3 SCHEDULE AND DELIVERABLES

	Date
	Milestone

	15 November 2004
	Draft Green Book describing cislunar communications architecture, operations concept, and protocol suite requirements.  This Green Book considers both cislunar and Mars in-situ communications environments

Survey document describing candidate protocols

	1 April 2005
	Draft review of existing CCSDS Standards with proposed plan for updating them

Down-selection from protocol survey list to core set for further investigation/performance analysis

Begin extensive analysis of down-selected protocol set

	1 November 2005
	Finalized Green Book describing operations concept and protocol requirements

Final report on proposed updates to existing CCSDS protocols

Draft report on down-selected protocol set

	1 April 2006
	Draft 1, Red/Orange Book(s) for recommended protocols.  Includes recommendations for updating CCSDS protocols

	30 November 2006
	Red/Orange Book(s) Issue 1 for recommended protocols.  Includes newly adopted/developed protocols and updates to CCSDS protocols

	1 April 2007
	Draft 2 Red/Orange Book(s) for recommended protocol set


6.4.4 RISK MANAGEMENT STRATEGY

6.4.4.8 Technical Risks

The risk management approach is to wherever possible use existing architectures and standards.  Where this is not possible, new architectures will be defined, and efforts will be made to influence existing standards to include features needed by the WG.  If existing standards cannot be modified, revisions/updates to existing standards will be considered.  Here concepts from one or more existing network standards may be combined, and new protocol specifications will be required.  Where there are still deficiencies, completely new approaches will be considered for standardization.

The initial set of candidate protocols will be selected taking into account the requirements detailed in the architecture and operations concept Green Book.  This set of protocols will be reduced as necessary, and simulation and/or prototyping activities will be used to evaluate the effectiveness of the reduced set of protocols and the feasibility of deploying them. Results of various prototyping activities will be consolidated during the definition of the final Orange/Red Books.

6.4.4.9 Management Risks

The quality of the end product relies heavily on the commitment of Government Agencies to provide support for the architecture study and protocol evaluations.

The schedule listed in section C of this document assumes that the working group can be formed quickly following the Spring 2004 CCSDS meetings.  Delay in forming the working group will slip the entire schedule.

6.4.5 RESOURCE REQUIREMENTS

	Function
	% Time Commitment

	Working Group Chair:  lead working groups - prepare for and attend meetings, present material at working group meetings, write green and orange books. 
	0.3

	Research and prototyping activities:
FY04

FY05

FY06

FY07
	1.5

5.0

7.5

10.0


6.5 Delay Tolerant Networking Birds of a feather

	Title of Group
	6.5 Delay Tolerant Networking Birds of a Feather

	Chair
	Scott Burleigh

	Area Director
	Robert Durst

	Mailing List
	Sis-dtn@mailman.ccsds.org


6.5.1 RATIONALE

Historically, deep space exploration craft have been few in number and have communicated only with operations centers on Earth; such communications have in effect been dedicated interplanetary communication circuits, established and configured by human operators.  But as the number of such craft increases and as interactions among them (rather than just directly with Earth) begin to figure prominently in mission operations scenarios, the number of notional communication circuits increases geometrically.  The practicality of manually administering each individual circuit diminishes, and the requirement for an automated network infrastructure emerges.

The familiar Internet network protocol model is not equal to this task, as it is not designed for effective operations over communication links characterized by very long signal propagation latencies, frequent and prolonged service interruptions, limited and highly asymmetrical transmission rates, and high rates of data corruption.  Something new will be needed.

In short, communication with and among a large and growing population of communicating entities (robotic sensors, for example) separated from Earth by interplanetary distances will require deployment of a store-and-forward communication network that is capable of providing  reliable data delivery and dynamic routing in a fully automated fashion.  The proposed working group will investigate the applicability of the “Delay-Tolerant Networking” (DTN) architecture, derived in part from the design concepts underlying the CCSDS File Delivery Protocol, as a possible standard solution to this problem.

6.5.2 GOALS

1. Discuss the issues identified in the rationale above and in that context, the Delay Tolerant Networking architecture as developed over the past five years under the IRTF and DARPA auspices.

2. Determine whether or not there is agreement within the BOF that a WG should be established to pursue the standardization of DTN protocols within CCSDS.

3. If such agreement is reached, propose to the CESG the establishment of that WG:

a. Draft a proposal;

b. Develop a draft charter;

c. Draft a resource plan;

d. Draft a Concept Paper outlining the technical scope of the proposed work;

e. Present these documents to the SIS Area Director for consideration and possible transmission to the CESG.

6.5.3 SCHEDULE AND DELIVERABLES

	Date
	Milestone

	26 November 2004
	Report on initial deliberations

	7 March 2005
	Initial drafts of WG proposal documents ready for internal review by the BOF

	11 April 2005
	Final WG proposal documents delivered to the SIS Area Director


6.5.4 RISK MANAGEMENT STRATEGY

6.5.4.10 Technical Risks

These will be identified in the course of preparing the WG proposal documents and will be described in the draft charter.

6.5.4.11 Management Risks

These will be identified in the course of preparing the WG proposal documents and will be described in the draft charter.

6.5.5 RESOURCE REQUIREMENTS

One NASA/JPL protocol engineer at 10% time commitment for 12 months.

6.6 Asynchronous Message Service Birds of a Feather Group
	Title of Group
	6.6 Asynchronous Message Service Birds of a Feather

	Chair
	Scott Burleigh

	Area Director
	Robert Durst

	Mailing List
	Sis-ams@mailman.ccsds.org


6.6.1 RATIONALE

The CCSDS File Delivery Protocol (CFDP) provides file transfer functionality that can offer significant benefits for spacecraft operations.  Not all spacecraft communication requirements necessarily fit the file transfer model, however.  In particular, continuous, event-driven asynchronous message exchange may also be useful for communications with and among spacecraft.  Examples include:

· streaming engineering (housekeeping) data

· real-time commanding

· continuous collaborative operation among robotic craft

We note that NASA’s proposed new Command, Control, Communications, and Information (C3I) architecture for the Crew Exploration Vehicle and other Constellation program elements is based on asynchronous message exchange.

At the same time, large-scale, efficient, robust asynchronous message exchange can be difficult to implement.  Among the challenges:

· A successful large-scale message system must tolerate heterogeneity in deployment platforms, security regimes, communication environments, QOS requirements, performance requirements, and levels of cost tolerance.

· In order to support continuous mission-critical operation, a message system must tolerate unplanned changes in application topology.  This tolerance of change entails autonomous discovery of communication endpoints and automatic reconfiguration, to minimize operations cost and risk.

· Distributed systems based on asynchronous message exchange are typically less labor-intensive to configure, upgrade, and operate if message transmission conforms to the peer-to-peer “publish/subscribe” (or “push”) model rather than the “client/server” model.  But publish/subscribe communication is made possible only by extensive underlying automation.

Consequently most existing asynchronous message exchange systems are proprietary, licensed products rather than open international standards.  Moreover, no such system is designed for mission-critical operation on deep space robots.

We believe that an open CCSDS standard for large-scale, publish/subscribe-based asynchronous message exchange would be a useful alternative.

6.6.2 GOALS

The BOF will:

1. Discuss the issues identified in the Rationale above.

2. Identify CCSDS’s requirements for an asynchronous message exchange service.

3. In the context of those requirements, investigate a proposed open Asynchronous Message Service (“AMS”) derived from a mature NASA publish/subscribe-based asynchronous message exchange system (“Tramel”) that was designed for spacecraft flight operations.

4. Determine whether or not there is agreement within the BOF that the proposed service could meet the requirements of CCSDS, such that a Working Group should be established to document AMS in a CCSDS Recommendation.

5. If such agreement is reached, propose to CESG the establishment of that Working Group:

a. Draft a Proposal.

b. Develop a draft Charter and a resource plan.

c. Draft a Concept Paper outlining the technical scope of the proposed work.

d. Present these documents to the SIS Area Director for consideration and possible transmission to CESG.

6.6.3 SCHEDULE AND DELIVERABLES

	28 February 2005
	Report on deliberations of the BOF.

	21 March 2005
	Draft working group proposal documents, for internal review by the BOF.

	15 April 2005
	Final working group proposal documents delivered to SIS Area Director.


6.6.4 RISK MANAGEMENT STRATEGY

6.6.4.12 Technical risks:

Will be identified in the course of preparing the working group proposal documents and will be described in the draft Charter.

6.6.4.13 Management risks:

Will be identified in the course of preparing the working group proposal documents and will be described in the draft Charter.

6.6.5 RESOURCE REQUIREMENTS

	(1) protocol engineers @ 10% time commitment for 12 months
	NASA (JPL)
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