CCSDS Spacecraft Monitor and Control (SM&C) Working Group
Fall 2018 Workshop  -  October 15-19, 2018
Berlin, Germany at DIN Deutsches Institut für Normung e.V.

Summary (from the final plenary presentation to the MOIMS Area Director):

· Presented the status of the LOP-G, OMG, and IOAG
· Noted IOAG push towards development of an interface gateway between Agencies
· Drafted set of technical points for consideration for an international interface gateway based on MO
· Reviewed all 5 year review documents
· Presentations were given on CNES’ ISIS control system and the ESA/JPL “Shadow” project
· Significant amount of time devoted on Concept Green Book update
· Initial draft significant improvement on current published version
· Excellent work by the WG guiding the update on interoperability and usage communities
· Held joint meetings with Sec and DTN WG
· WG considering a new MAL binding blue book to DTN
· Worked to move File Management services from draft to active project
· First draft of service white book was presented and discussed
· Held both an open and WG discussion on the OMG C2MS/MO overlap
· MPS WG appreciated the support and assistance of the SM&C WG on Thursday
· Joint meeting with SAWG and SOIS was very constructive
· We believe there is emerging clarity in the relationship between MO and SOIS/EDS
Agenda (revised throughout the meeting)
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Attendance

Twenty-one people attended all or portions of the SM&C meetings, with the group growing even larger during joint meetings.   Attendance at any single session varied from 8 people to about 20. 

 
[see attendee list on next page]



Files posted to CWE

Files from the meeting have been posted to the CWE under the MOIMS Area / SM&C / Meeting Materials / 2018 / Fall directory:
1. These minutes 
2. SMandC Doc Status – Documentation status report
3. MOIMS-SC-Agenda 
4. LOP-G / IOAG / OMG Quick Update
5. CNES – ISIS Use Cases
6. Security presentation (from joint meeting)
7. Mario Merri paper on LOP-G
8. Mario Merri presentation on LOP-G
9. Interface Gateway Drivers 
10. Overlap Position Paper

Also, the presentation given at the main Plenary Meeting can be found on CWE at:
https://cwe.ccsds.org/cesg/docs/CWE%20Private/Meetings/2018%20Fall%20Meeting%20Berlin/d2-F18-Opening-Plenary20181014.pptx 

1. Day 1.  Monday October 15, 2018

· Full CCSDS and MOIMS Plenary meetings were held in the morning.

· SM&C WG began at 11:00 am with general discussion of the week’s plans.
  
· Dan Smith gave a brief overview on the status of LOP-G (very little news to report), IOAG and the OMG.  
· We need to find ways to interact with the LOP-G people.  ACTION:  Contact Jonathan Wilmot for LOP-G access ideas, since SOIS has been very successful.  The IOAG Mission Operations Systems Strategy Group (MOSSG) is addressing comments in their final report and catalog and hope to be done in December.  MOSSG looks at needs for ground-ground interoperability and are not tasked with assessing CCSDS or MO, although the catalog will point to possible MO solutions for certain needs.
· The OMG has voted to approve C2MS and comments are being addressed prior to publication in early 2019.  OMG has issued an RFI for ideas on a common display exchange format.

· Reviewed MAL BB and Java API MB
· Current list of changes are felt to only be editorial for the Blue Book, therefore reconfirmation shall be requested.  Action: Request AD to start poll for MAL BB reconfirmation.
· Java API Magenta Book list of possible changes is more extensive, the estimation in terms of effort was approximately 3 weeks to address the 33 RIDs, and members of the WG have been asked to see if they have the resource available to make the update.  It should be noted that none of the listed changes imply the current specification is broken, they are only enhancing it.  Action: WG to find single agency to do the work.  CNES did the original, JPL may be able to work the current RIDs.
· Small discussion on SM&C Glossary of Terms
· It was noted that Brigitte Behal had produced these around the Spring 2018 meeting
· Sam Cooper had reviewed them against the current set of published and in development books
· A number of minor discrepancies had been found but nothing fundamental
· The WG should attempt to build the agreed list of SM&C Terms and ensure that all future publications use these consistently
· Action: Add to Agenda for Spring 2019 meeting a topic to review and produce this SM&C Glossary of Terms.
· Olivier Churlaud gave a presentation on CNES’s ISIS Services and actual use cases of MO features.
· Adrian Tinio/JPL presented the status of the MO Shadow Project done with ESA.  Parameter and aggregate services working well, but note that it was ESA software running on both ends.  Would like to see a higher-level set of support libraries.

2. Day 2.  Tuesday October 16, 2018

Tuesday morning:
· The morning was spent working on the latest draft of the green book. 
Action: Provide update to GB by the end of the year
Tuesday afternoon:
· Joint meeting was held with the Security WG to discuss some work performed by ESA reviewing the current security concept in the MO framework. The current security limitations were shown and discussed and a report on work performed by an ESA intern were shown that detailed an approach that would give application level security in the MAL.
· SecWG is going to provide inputs to the WG that will firstly detail the current limitations which it was felt would be best placed in the MO Reference Model (currently being updated), and secondly list the changed required to the current book set to support the application level security. 
· The current MO Reference model updates were reviewed, minor changes and clarification were suggested.
· The last part of the day was spent discussing the idea of a MO based Gateway project/mission between separate agencies/organizations. Strong interest from the WG members to participate in this.  A rough list of concepts/requirements/suggestions for an interface gateway was developed for future use.
 
Day 3.  Wednesday October 17, 2018

Wednesday morning:
· Tiago gave a small presentation on the first draft of the File services book. A good discussion on the services took place, the group wanted to ensure the two services were agnostic of location (so for use ground-ground, ground-space, and space-space) and also agnostic of protocols used for transfer (so CFDP to space, SFTP for ground, or CSS TFTS for ground stations).
· ESA and DLR have committed to provide resources for this project.
· Action: Provide updated draft file services specification by 1st April 2019
· Action: Set up joint meeting with CSS in Spring 2019 meeting to discuss file services

· Several hours were spent discussing concerns raised by CNES, DLR, and ESA regarding technical overlaps between CCSDS-MO and the OMG-C2MS standards.   
· Dan gave the current status of the C2MS progress in OMG.  It has been voted on by both their Architecture Board and their full membership, technical comments have been received are now being worked on, and final publication is expected in early 2019.
· The WG felt that since it was clear that the C2MS standard is moving forward that there was no purpose in the SM&C WG trying to get it stopped.  
· The overlap paper was not reviewed or updated and is not considered a product of the WG.
· Mario clarified the situation with the TN being sent to OMG, and the concern that the liaison process had failed in this case.
· Dan explained the heritage of C2MS, how it was derived from the NASA Goddard GMSEC product
· Dan explained that OMG, driven by US industry, had requested the standardisation of C2MS.
· Large discussion on the nature of the overlap.
· Discussion on the OMG process and how they differ from CCSDS processes.  Dan pointed out that it is important to respect the rules of both organizations.
· Concern was raised that these two standards, where some members of the WG see significant overlap and conflict, originate from the same source in that Dan Smith is involved in leadership of both MO and C2MS.  Dan pointed out that every person in SM&C comes with the background of their home organization and their own built-in assumptions and biases.
· Mario, Nestor, Margarita, and Brigitte left to allow the WG to formulate its view and recommendation to the AD.
· A 2-page paper was then developed that described the concerns, recommended actions, and continued areas of non-concurrence.
· In particular, there continues to be disagreement (non concurrence) on the level of overlap and also on the impact of the overlap on users of MO.
· Primary actionable recommendation was to formalize the role and duties of the liaison.  Several detailed suggestions were made.
· Following is the summary chart provided to the Area Director.
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Wednesday afternoon:
· Joint meeting was held with DTN. Keith Scott gave an overview of DTN, its purpose, how it works, and its intended use. Sebastian Martin from ESA gave a small presentation of ESA’s deployment of MO over DTN (this is a proprietary internal implementation and specification). A constructive discussion on the idea of developing a specification of binding MO over DTN, ESA has expressed strong interest in supporting this work, a second agency is required.
· Action: Find a second Agency (besides ESA)  for supporting the binding to DTN

· Continued WG discussion on C2MS/MO overlap
· Last part of Green Book was reviewed by the WG completing the current review cycle for it in the WG.
· Automation.  Short discussion on the Automation service currently listed as a draft project. The WG felt that it may make more sense to move the project to the MPS WG as the original concept of MO had the services (Planning, Scheduling, and Automation) strongly linked. However it is noted that MPS is currently very focused and busy with work on their current planning standard and therefore the WG felt that there is no hurry to do this.


 Day 4.  Thursday October 18, 2018  (1/2 day)

Thursday morning:  
· No SM&C WG meetings. However the main group attended the MPS WG meeting to observe but also provide support in their development of their services.

Thursday afternoon:
· WG did not meet except for Joint meeting with SAWG and SOIS:
· Presentation by Roger Thompson to the group giving the SAWG’ work on their implementation view for the MO software stack.
· Ramon Krosley presented a similar view for SOIS.
· Constructive discussion on the relationship between the two standardisation efforts. Conclusion was that:
· Original MoU still stands in general concept
· Recent Yellow book from SOIS still has a number of unanswered comments in it
· Peter Shames volunteered to review outstanding comments to see if, in light of the discussions, they were still relevant and if any small changes could be made to close them out.
· SAWG will continue to develop their views forward and further refine them.

Day 5.  Friday October 19, 2018  (1/2 day)

· Updates were made in CWE to the schedule dates and status for each of the active projects.
· New or draft projects were updated and requests sent to the Area Director for approval as new active projects.
· The week was reviewed and summary charts were prepared for the Area Director and the MOIMS Plenary scheduled for Friday afternoon.  There was consensus that it had been a very productive week.
· A new item was brought forward with regards to the OMG discussions.  “Due to ESA, DLR, and CNES’ view that the standards are competing, they have a strong concern about the conflict of interest with the SM&C WG Chair being lead of both activities.”  It was agreed to include the text, unchanged, under the non-concurrence section of the report to the Area Director.
· We are looking forward to May 6-10, 2019 in Mountain View, California.

ACTIONS

Spring 2018 Action Item List
October 2018 Status Updates
**  all actions from Spring 2018 are now closed **
	ID
	ACTION
	ASSIGNED TO
	DUE
	NOTES
	STATUS

	20171109-2
	Begin process to release HTTP prototype as open source
	Brian Giovannoni/NASA
	12/15/15 start
	Goal of April 2018 release.  12Apr18 AWAITING JPL STATUS
	 Released!.  GitHub.com/NASA, search for CCSDS.  MAL HTTP Transport.  CLOSED 10/15/2018

	20171109-5
	Comment on SOIS Yellow Book within 30 days of its release
	All
	TBD
	
	CLOSED.  Comments submitted, awaiting response

	20171109-7
	Review updated Green Book
	All
	11/30/2017
	12Apr18: Awaiting next update.
	In progress.  CLOSED

	20180413-1
	Complete C++ API Doc
	D. Smith
	24 Apr 2018
	Requires update from Dominique and review from Sam.
	CLOSED, agency review now completed

	20180413-2
	Review XTCE Green Books to determine whether changes are needed
	K. Rice / NASA
	13 May 2018
	Will then Confirm, or open project to update documents
	CLOSED, will need updates

	20180413-3
	Submit comments on draft LOP-G recommended standards document
	All
	15 May 2018
	HARD DEADLINE!
	CLOSED.  Done.

	20180413-4
	Describe ideas for posting of open source software from multiple agencies
	O. Churlaud 
	13 May 2018
	
	CLOSED

	20180413-5
	Update the SM&C mailing list per the updates provided at the NIST meeting
	D. Smith
	24 April 2018
	
	CLOSED

	20180413-6
	Discuss concepts and need for a mapping of MO onto DTN as a transport layer
	S. Cooper
	15 July 2018
	
	CLOSED, joint meeting set for Berlin

	20180413-7
	Determine your agency’s interest in committing to work on File Management Services.
	ESA, TBD
	1 July 2018
	
	CLOSED

	20180413-8
	Determine your agency’s interest in committing to work on Automation Services.
	All
	1 July 2018
	
	CLOSED

	20180413-9
	Update the MO Reference Model Book (5 yr update)
	S. Gartner
	1 July 2018
	
	CLOSED, updates presented in Berlin

	20180413-10
	Determine your agency’s interest in committing to work on 5 yr update to the JAVA MAL API.
	All
	1 June 2018
	
	CLOSED, covered under DOC status

	20180413-11
	Post any MAL and JAVA API RIDs on github
	All
	1 July 2018
	
	CLOSED, done

	20180413-12
	Discuss cFS-MO adapter with SOIS team
	D. Smith
	1 June 2018
	[bookmark: _GoBack]
	CLOSED, covered by latest discussions on how SOIS and MO work on board.




Fall 2018 Action Item List

	ID
	ACTION
	ASSIGNED TO
	DUE
	NOTES
	STATUS

	2018-1019-1
	Contact Jonathan Wilmot for LOP-G access ideas, since SOIS has been very successful.  
	Dan Smith
	1/1/2019
	
	

	2018-1019-2
	Request AD to start poll for MAL BB reconfirmation.

	Sam Cooper
	12/30/2018
	
	

	2018-1019-3
	JAVA API - Find single agency to do the work.  
	All
	1/31/2019
	
	

	2018-1019-4
	Add to Agenda for Spring 2019 meeting a topic to review and produce this SM&C Glossary of Terms.

	Dan Smith
	2/15/2019
	
	

	2018-1019-5
	Provide update to the MO GB by the end of 2018
	Sam Cooper
	12/3/2018
	
	

	2018-1019-6
	Provide updated draft file services spec 
	Tiago Nogueira
	4/1/2019
	
	

	2018-1019-7
	Find a second Agency (besides ESA)  for supporting the binding to DTN
	All
	2/15/2019
	
	

	2018-1019-8
	Set up joint meeting with CSS in Spring 2019 meeting to discuss file services
	Dan Smith
	2/15/2019
	
	

	2018-1019-9
	Coordinate approval of new projects for 5-yr revision of MO Reference Model MB, XTCE GB, XTCE Element Description GB, and MO File Management Services BB.
	Dan Smith
	11/1/2018
	Projects were approved  at the October 24, 2018 CMC meeting
	



CLOSED






[This page was not discussed in the October 2018 Berlin meetings, but is included here as a reminder of the roadmap the SM&C WG agreed to.]

SM&C Roadmap
Updated at the NIST Meetings in Gaithersburg, Maryland USA
April 9-13, 2018
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		1		Antonov		Ivan		aid@mcc.rsa.ru		Russia

		2		Behal		Brigitte		brigitte.behal@cnes.fr                        		France

		3		Churlaud		Olivier		olivier.churlaud@cnes.fr                        		France

		4		Cooper		Sam		sam@brightascension.com 		UK

		5		DiGiulio		Margherita		Margherita.di.Giulio@esa.int                        		Germany

		6		Duhaze		Marc		marc.duhaze@cnes.fr                        		France

		7		Fatig		Curtis		Curtis.c.fatig@nasa.gov		US

		8		Gartner		Stefan		stefan.gaertner@dlr.de                        		Germany

		9		Harrison		Ian		ian.harrison@esa.int                        		Germany

		10		Kearney		Mike		KearneySolutions@gmail.com		US

		11		Kotelya		Vladislav		kvv@mcc.rsa.ru		Russia

		12		Martin		Sebastian		Sebastian.Martin@esa.int		ESA

		13		Merri		Mario		Mario.Merri@esa.int                        		Germany

		14		Nagoznhy		Dmitrii				Russia

		15		Nogueira		Tiago		Tiago.Nogueira@esa.int		Germany

		16		Peccia		Nestor		nestor.peccia@gmail.com                        		Germany

		17		Radulescu		Costin		costin.radulescu@jpl.nasa.gov                        		US

		18		Ryazgoin		Nikolay		ROSCOSMOS		Russia

		19		Smith		Dan		dan.smith@nasa.gov                        		US

		20		Tinio		Adrian		Adrian.Tinio@jpl.nasa.gov		US

		21		Yoshikazu		Miyano		miyano.yoshikazu@jaxa.jp                        		Japan

		22		Zhukov		Vitaly		jvo@mcc.rsa.ru		Russia
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Regarding the WG Discussions on CCSDS-MO and OMG-C2MS

Following is the summary section from a full writoup doveloped by the WG, The
paper also discusses the many strong ties between CCSOS and the OMG.

The SM&C WG would like to make the following recommendations (o the Area
Director for consideration and discussions with the CSG andior CI
" Rovisit heloison ruls, responsibiities and reporting channels
* Roport out at plonary metings to raise awaronoss (o entire CCSDS org
+ Communicate potential standards development efforts as early as practical

*+ Provide a forum for, and encourage, open cialog and potential collaboration
across standards organizations

* Addross the ssue of the convoluted process to submit comments external to
CCSD8.

* Review any existing MoUs between CCSDS and OMG

There are the following areas of non-consensus:
+"No consensus on the degree of overlap.
+ No consensus on the level of conflict and impact of such an overlap.

* NASA foels the two standards represent very diferent approaches that can
‘comploment sach other

s @ competing standard and

theréfore will reduce the support for the IO sorvice usage.

* Due to ESA, DLR, and CNES' view that the standards are compoting, they have a
Strong concern about the conflict of nterest with the SHAC WG Chalr being lsad
ofboth actviies
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WORK AREA WORK ITEM

PRIORITY       

(H-M-L)

NOTES ACTION

NEED AGENCY 

COMMITMENT 

SOON

MO Framework Green Book Update H Work is continueing.

Sam is working with others to 

generate the next update.

Reference Architecture Magenta Book H Should be updated in2018.

Reviewed at Gaithersburg.  Stefan 

Gaertner to begin updates.

Y

Define scenarios of future missions H

Helpful for vetting of new ideas.  

Scenarios to include constellation of 

cubesats, large integration and test effort.  

Both ESA scenario and Lunar Orbital 

Platform - Gateway were discussed in 

detail in Gaithersburg. 

 Will continue at each meeting.

Organize MO supporting materials M

We have a lot of good material, we need 

to find it and make it more easily 

available.

Website now being updated.

MAL Binding for DTN and/or Bundled 

Protocol

M-L

Further discussion with other working 

groups needed

Y

MO Services/Formats NAV Services M Y

Time Service H-M Sys Eng Area to study Y

Spacecraft Characteristics L

Relay Operations Watch

Let's see what others are going.  Planning 

of the ops is not SM&C. Could involve 

system engineering area too.  Want 

common solution.

Interoperability Data Exchange Fmts M-H Dan/Sam to continue discussing

Automation Service M

Control capabilities for ground or on-

board procedures/sequences/etc.  Not 

the directives themselves.  Potentially 

covers non-time-based, etc. PUS 

monitoring/event action service.  Think up 

good scenarios.  See also Management 

Services (automation) 902.10-B1.

Y

Remote File Management H-M

Directory, rename, move, etc.  Flight and 

ground. Covers remote file transfer 

management.

Y

On-Board Support Develop SOIS-MO Diagram H Could do as part of Yellow Book review

Create full scenario of a device service H Pick GPS or Camera?

Debate extent of future MO device service 

vision

M

Develop on-board plan, determine need  for 

a breakout WG.

M Dependent on above action.

Software Management Service L

Remote Buffer Management L

PUS 14.  Includes Solid State Recorder 

management.
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		WORK AREA		WORK ITEM		PRIORITY       (H-M-L)		NOTES		ACTION		NEED AGENCY COMMITMENT SOON

		MO Framework		Green Book Update		H		Work is continueing.		Sam is working with others to generate the next update.

				Reference Architecture Magenta Book		H		Should be updated in2018.		Reviewed at Gaithersburg.  Stefan Gaertner to begin updates.		Y

				Define scenarios of future missions		H		Helpful for vetting of new ideas.  Scenarios to include constellation of cubesats, large integration and test effort.  Both ESA scenario and Lunar Orbital Platform - Gateway were discussed in detail in Gaithersburg. 		 Will continue at each meeting.

				Organize MO supporting materials		M		We have a lot of good material, we need to find it and make it more easily available.		Website now being updated.

				MAL Binding for DTN and/or Bundled Protocol		M-L				Further discussion with other working groups needed		Y



		MO Services/Formats		NAV Services		M						Y

				Time Service		H-M				Sys Eng Area to study		Y

				Spacecraft Characteristics		L

				Relay Operations		Watch		Let's see what others are going.  Planning of the ops is not SM&C. Could involve system engineering area too.  Want common solution.

				Interoperability Data Exchange Fmts		M-H				Dan/Sam to continue discussing

				Automation Service		M		Control capabilities for ground or on-board procedures/sequences/etc.  Not the directives themselves.  Potentially covers non-time-based, etc. PUS monitoring/event action service.  Think up good scenarios.  See also Management Services (automation) 902.10-B1.				Y

				Remote File Management		H-M		Directory, rename, move, etc.  Flight and ground. Covers remote file transfer management.				Y

		On-Board Support		Develop SOIS-MO Diagram		H		Could do as part of Yellow Book review

				Create full scenario of a device service		H		Pick GPS or Camera?

				Debate extent of future MO device service vision		M

				Develop on-board plan, determine need  for a breakout WG.		M		Dependent on above action.

				Software Management Service		L

				Remote Buffer Management		L		PUS 14.  Includes Solid State Recorder management.
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 Mon  15 October   2018  T us 1 6   October   2018  Wed  1 7   October   2018  Thu  1 8   October  Fri  1 9   October   2018  

AM  GETTING STARTED     08: 15   CCSDS Plenary     9:45   MOIMS Plenary     1 0:45     Break     1 1: 00   SM&C WG Start       Introductions      Finalize Agenda      Review Spring 2018  meeting minutes / actions      Anyone hav e quick  progress stories ?  WORK ON GREEN BOOK     8:45  Current status of Green  Book     9:00 Let’s really work on it     10: 30    Break     10:45     Let’s really work on it   some more   –   team effort    FUTURE WORK , OMG     8: 45        File Management (ESA)     10: 30     Break      10:45   MO   –   OMG/ C2MS discussions     SM&C interest, goals, actions ,     Review of Overlap Document ,  can/should it be a product of  the working group?      NO SM&C MEETING     Free to attend Mission  Planning & Scheduling  Working  g roup  WRAP UP     8:45  SM&C wrap - up     Everyone shows back up!        Update CWE   if needed      Request new projects      Summarize Results      Review Minutes       Review Actions      Complete charts for  MOIMS Plenary    

Lunch  12: 3 0  12: 3 0  12: 3 0  12: 3 0  12: 3 0  

PM  CHECKING STATUS     1:30      Quick status updates      LOP - G      OMG      IOAG     2:00      Documentation status for all  docs                   2:30     Review  MAL Blue book  proposed updates       3:00     MAL Java API updates       3 :15      Break        3: 30      Use - Case   Scenario       CNES ISIS Product Line       Olivier Churlaud       ESA/JPL MO Shadow P roject   Adrian Tinio     5: 0 0     Adjourn  FUTURE WORK     1:30      ESA MO security concepts  presentation                 Daniel Fischer               (joint with Security WG )     2:30     Review Reference Model  update     3: 15     Break               3: 30    New Services      Automation (S cript  Control ?)      Others?     New ideas to make sure  everyone is   busy .   What do  your agencies need or  expect from our WG?     5:00     Adjourn  JOINT MEETINGS   (TBD)     1:30    Joint meeting with DTN     2:30     Continue OMG work as  needed     3:15     Break      3:30      Open talk about where SM&C  is headed.  Vision, concerns,  priorities.   Everyone needs to  participate.     5:00     Adjourn     8 : 00   MOIMS DINNER      NO SM&C MEETING     Free to attend Mission  Planning & Scheduling  Working Group      4:00 Joint meeting with SEA  and SOIS  MOIMS       1:30   MOIMS plenary       4 :0 0     End of  Meetings    
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LAST FIRST EMAIL

1 Antonov Ivan aid@mcc.rsa.ru Russia

2 Behal Brigitte brigitte.behal@cnes.fr                         France

3 Churlaud Olivier olivier.churlaud@cnes.fr                         France

4 Cooper Sam sam@brightascension.com  UK

5 DiGiulio Margherita Margherita.di.Giulio@esa.int                        Germany

6 Duhaze Marc marc.duhaze@cnes.fr                         France

7 Fatig Curtis Curtis.c.fatig@nasa.gov US

8 Gartner Stefan stefan.gaertner@dlr.de                         Germany

9 Harrison Ian ian.harrison@esa.int                         Germany

10 Kearney Mike KearneySolutions@gmail.com US

11 Kotelya Vladislav kvv@mcc.rsa.ru Russia

12 Martin Sebastian Sebastian.Martin@esa.int

ESA

13 Merri Mario Mario.Merri@esa.int                         Germany

14 Nagoznhy Dmitrii Russia

15 Nogueira Tiago Tiago.Nogueira@esa.int Germany

16 Peccia Nestor nestor.peccia@gmail.com                         Germany

17 Radulescu Costin costin.radulescu@jpl.nasa.gov                        US

18 Ryazgoin Nikolay ROSCOSMOS Russia

19 Smith Dan dan.smith@nasa.gov                         US

20 Tinio Adrian Adrian.Tinio@jpl.nasa.gov US

21 Yoshikazu Miyano miyano.yoshikazu@jaxa.jp                         Japan


