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INTRODUCTION
Mr. Pepper Powers convened the September 9, 2008 Constellation Network and Navigation Network Support Group (NSG) splinter session to discuss Constellation Network and navigation issues.  Mr. Powers stated that the meeting is a carry over of the discussion from the last NSG regarding navigation and tracking issues for Constellation.  Mr. Powers reviewed the agenda and noted that the meeting would be an open discussion.
MEETING DISCUSSION

A. Network Architecture Status
1. Mr. Powers asked if there were any changes regarding the Network architecture since the last NSG.
2. Ms. Carolyn Propst stated that there have been no changes, and she asked what constitutes the Ground Network (GN).
3. Mr. Powers stated that there was a question at the last meeting regarding whether the C-bands Networks would be part of the GN, and that question is still up in the air.
4. Mr. Gary Morse stated that the requirements question is a major issue.  Currently, the Network is extracting requirements from the old Space Shuttle Program Requirements Document (PRD) and putting the requirements into a preliminary PRD for Constellation to establish a baseline that can be modified once requirements are received from the projects.
5. Mr. Darrin Leleux asked where the projects’ requirements would be documented.
6. Mr. Mike Maher stated that the projects’ requirements would be contained in the Orion Communications and Tracking Network (CTN) Interface Requirements Document (IRD), which would drive the PRD.

7. Mr. Morse stated that an Air Force Systems Requirements Working Group was recently established at Kennedy Space Center (KSC).  Initially, the group will work on Section 2100 of the document then move on to other areas.  The document is not a PRD, but more like the Network Program Requirements Document (NPRD) that was created for the International Space Station (ISS).  Initially, the NPRD was developed with the communications items and it became a living document that was continually modified over time with new requirements until it was completed.  At that point, the requirements were ported over to the PRD.
8. Mr. Leleux stated that the Johnson Space Center (JSC) Navigation group has defined what they believe to be their operations concept in the Program Introduction Document (PID) # 70147.
9. Mr. Leleux stated that the JSC Navigation group is working with the Air Force Requirements Working Group to define actual requirements since the Program Introduction Document (PID) is considered a generic document and the PRD is more specific.  The JSC Navigation team is working to determine where to document various items, and the team will be involved with the PRD.
10. Mr. Leleux stated that he was surprised to hear that requirements would be included in the Orion CTN IRD, and asked Mr. Maher what would be included in the document.
11. Mr. Maher stated that the interfaces between Orion and Space Communications and Navigation (SCAN) would be documented in the Orion CTN IRD, but he is not sure where the C-band support would be documented.

12. Mr. Maher stated that C-band support would be used primarily for launch and reentry unless this had been renegotiated.
13. Mr. Leleux agreed and stated that it is expected that there will be additional tracking requirements at the beginning of the program to verify that the onboard systems are working properly.

14. Mr. Maher concurred and noted that this would have to be negotiated with the Air Force through the PRD.

15. Ms. Propst asked would the National Aeronautics and Space Administration (NASA) C-bands at Wallops (WLPS) and Dryden Flight Research Center (DFRC) need to be negotiated with the Air Force.
16. Mr. Maher stated that he would check with the SCAN representative regarding these items.

17. Mr. Maher stated that there is a void in certifying the C-bands for transitioning, as there has been little discussion on this item.

18. Mr. Greg Holt stated that there are words in the PID regarding this subject, but the PID is not considered a requirements document.

19. Mr. Morse stated that the response for cost and commitment comes via the PRD, so that is where the requirement should be documented.

20. Mr. Morse asked Mr. Leleux if he was suggesting some sort of early comparative analysis between existing C-bands and Global Positioning System (GPS).
21. Mr. Leleux stated that the GPS is an input to the onboard software.  The plan is to compare all of the various sources of navigation data (e.g.; Tracking Data Relay Satellite System [TDRSS] Doppler, GPS, and C-bands) to verify consistency.
22. Mr. Morse stated that it is important to coordinate cost with the Eastern Range (ER) sooner rather than later because a decision is imminent on the future status of some of the C-bands at the ER.
23. Mr. Robert Jones stated that DFRC would also like to know the future radar requirements.

24. Mr. Leleux stated that the requirement will be documented in the PRD.
25. Mr. Leleux stated that C-band contingency support is another item to be discussed.  He suggested that everyone should think about what if something happens onboard with the GPS and the Network had to revert to C-band support.
26. Mr. Morse stated that if an emergency occurs, the resources will be available.  A problem with the GPS may be more of a contingency than an emergency, and contingencies should be negotiated beforehand.
27. Mr. Leleux stated that the two areas that C-band support needs to be considered for are initial verification and contingency support.

28. Ms. Propst asked is it recommended that requirements for the NASA C-band sites be documented in the PRD.
29. Mr. Morse stated that a separate requirement should be listed in the PRD for each required entity.

30. Mr. Powers stated that Merritt Island Launch Annex (MILA) support for Constellation was discussed at the last NSG, and asked if MILA would be eliminated for Constellation.
31. Mr. Morse stated that MILA will close after the last Space Shuttle flight, which is scheduled for 2010, but MILA will remain open as long as the Space Shuttle is flying.  

32. Mr. Morse stated that the Launch Head plans, which are on hold, could be resurrected although he does not believe they will.  If the plans are resurrected, the site would be called Kennedy Tracking Station (KTS).
B. PRD Requirements Status
1. Ms. Propst stated that the JSC Navigation group provided inputs for Section 2100 of the PID and are involved in the effort to translate the inputs into requirements for the PRD.
2. Mr. Powers asked is there a schedule for the documents.

3. Mr. Leleux stated that November 2008 is the target date for completing the draft.
C. Pros/Cons of Moving the Acquisition Data Function from Goddard Space Flight Center (GSFC) to JSC
1. Mr. Powers stated his understanding of the way the scenarios are being developed is that the Flight Dynamics Facility (FDF) would have responsibility for the acquisition data function for launch support and then the function would be turned over to JSC for on-orbit support.
2.  Ms. Propst stated that the idea is based on the history with the Space Shuttle and the recurring question of what benefits would be gained by moving some functions from FDF to JSC.  The acquisition data function was deemed a logical choice since the JSC Navigation group already generates trajectory data and performs acquisition processing, although the products are not in the final Inter-range Vector (IRV), Improved Inter-range Vector (IIRV), or Inter-Net Predict (INP) formats that are distributed to the end user.  The JSC Navigation group does not understand all of the functions performed by FDF and is seeking additional information to move forward with on this item.
3. Mr. Powers asked what are some of the pros of moving the function to JSC.
4. Mr. Morse reiterated the question and noted that there seemed to be some difficulty in formulating a response to the question.
5. Mr. Morse asked is the idea cost driven.
6. Ms. Propst stated that the idea was not cost driven.
7. Mr. Morse stated that the previous two studies that resulted in the decision to retain the functions at FDF were cost driven.  The Program looked at FDF’s budget and determined that it cost too much for one Program to fund FDF’s functions because of the way the costs are allocated among all projects.
8. Ms. Sue Hoge stated that the Space Shuttle represents approximately 18 - 22% of FDF’s total budget.
9. Mr. Morse stated that the Space Shuttle Program deemed that cost to be excessive and asked why JSC could not perform some of FDF’s functions since JSC had the resources to do so.  Several studies were conducted and the results were always the same.  The estimated cost for building a FDF equivalent function at JSC is $5M – $6M, so the question was, how long would it take to recoup that money.

10. Ms. Hoge noted that a study is conducted every 18 months.
11. Mr. Morse asked what are the benefits to moving the function to JSC when the FDF at GSFC, which handles most of the agencies acquisition data generation, already has the capability of performing these functions.
12. Ms. Propst stated that one of the things that the JSC Navigation group is doing for Constellation is developing a new software system to support the trajectory function, so this was an opportunity to consider incorporating all of the functions for navigation and trajectory from cradle to grave into one system.  It seemed logical to look at what functions could be moved to JSC as a cost saving to Constellation.
13. Ms. Propst stated that the idea of moving functions to JSC was based partially on costs as well as the opportunity to consolidate functions from cradle to grave.  This would allow the functions to be carried if the JSC Navigation group had to relocate in an emergency.
14. Mr. Morse stated that the JSC Navigation group does not generate TDRSS vectors, so JSC Navigation would be doing a subset of what GSFC FDF does.
15. Mr. Morse asked who in the Program directed this effort.
16. Ms. Propst stated that the effort was not directed by anyone.  The item was included in the PID to ensure it was looked at to determine what made the most sense for Constellation.
17. Mr. Morse asked what this would mean to FDF in terms of cost.
18. Ms. Hoge stated that it would not change what FDF does.  She noted that the real costs would be in establishing the interfaces, more so than the software costs.  It would not eliminate any capability from FDF, there would be two entities performing similar functions, one as a subset of the other.
19. Mr. Morse asked would there be any benefit in JSC serving as a backup for other GSFC missions, if the function was moved to JSC.
20. Ms. Hoge stated that there may be some marginal benefit in JSC serving as a backup for other GSFC missions.
21. Mr. Morse asked would FDF still have to charge Constellation for acquisition data generation, and would FDF have to change how costs are allocated.
22. Ms. Hoge stated that FDF would still have to charge Constellation, and FDF would have to change how costs are allocated.
23. Mr. Leleux stated that part of the rationale is that this is a new program, so the intent is to explore new ideas and ways of doing business.
24. Mr. Maher stated that the FDF will continue to perform acquisition data generation for other users including the Space Network (SN), the GN, and many of the Radars.  For lunar missions, the Deep Space Network (DSN) Navigation group will perform acquisition data generation.
25. Mr. Morse suggested that the Constellation Program coordinate directly with the Office of Space Communication at NASA Headquarters so that everyone is on the same page regarding the long-term architecture related to the migration to emerging communications technologies, optical communications, and various tracking approaches.  Ms. Margaret Caulfield was identified as the point of contact in the Office of Space Communications.
D. Ascent/Entry Tracking
1. Ms. Propst stated that ascent/entry tracking is another item that was included in the PID for evaluation.
2. Ms. Propst stated that currently, there are two sources for ascent tracking that are source selected at the ER and the two best sources are forwarded to JSC.  JSC Navigation would like to investigate an alternative approach in which all sources from ascent tracking, including the four C-band sources, would be sent to JSC to be included in the high-speed trajectory determination, instead of just the two sources selected at the ER.
3. Mr. Morse asked would this be an early program requirement that would terminate.
4. Ms. Propst stated that she suspects this requirement would continue.

5. Ms. Propst stated that this would be a change but it would also be a major benefit to JSC Navigation processing capability during ascent, so it is very desirable to weigh the cost and benefits of this item.
6. Mr. Morse stated that this is a departure from the early phase of the program where it was stated that this would not be used and the program would rely on GPS.
7. Mr. Leleux stated that GPS metric tracking is being done for Range purposes, but it is not clear that the data will be shipped to the Mission Control Center (MCC), although it would be great if that were the case.  For now, JSC is planning to receive C-band tracking data and would prefer to receive all sources vice just the source select.
8.
Mr. Leleux stated that a placeholder was put in the PID for entry tracking.  Entry tracking has not been defined yet, but an Integrated Design Alpha Cycle (IDAC) study was just started to look at what types of tracking would be useful, what might it be used for, and where to place the assets.  The study will look at all types of tracking resources including ground-based, ship-based, and aircraft-based tracking.  The following are some initial thoughts on how entry tracking could be used:

· If there are issues with the onboard navigation system

· As an independent source to either uplink a new state to the crew or to help the crew to determine when to deploy the chute or download to a direct entry or a skip entry during a lunar entry.
· For verification purposes during entry

9.
Mr. Morse stated that for critical phases, it appears that what is done today and what may be done in the future are similar as ascent tracking and C-band entry tracking are currently performed.

10.
Mr. Leleux stated that ascent tracking has already been requested.  A placeholder was entered for entry tracking, but it has not been officially requested.  The reasons for wanting entry tracking have been identified.  They are initial verification and contingency purposes.
11.
Mr. Morse asked will on-orbit phase of tracking come into play.

12.
Mr. Leleux stated that it may be useful during the initial phase of the program to verify the onboard systems, but after that is completed, he does not foresee a need for it since there will be enough other resources such as the GPS and TDRSS.

13.
Mr. Morse stated that this is important because the program does not pay for that budget; Space Communications does so he is responsible for that budget, and he plans to zero that budget in 2014.  Therefore, any requests should be submitted soon.

14.
Mr. Leleux asked how the budget is impacted if the program decides that a contingency backup capability is required.

15.
Mr. Morse stated that funding would have to be put aside each year for contingency purposes.  For example, one pass at Kwajalein costs approximately $15K.  If there are on-orbit problems and numerous ER passes are needed, it gets costly.
16.
Mr. Morse stated that in the early phase of the Space Shuttle program, NASA spent $1.1M per year on the On-orbit C-band tracking.  It was reduced in recent years to about $300K per year.  There are no accountable costs for the NASA Radars at DFRC and Wallops, so they are treated separately.

17.
Mr. Morse emphasized that if there is a requirement, it should be documented in the PRD.
18.
Mr. Powers asked what are the current thoughts for a Backup Control Center (BCC) if JSC had to close during Constellation support.
19.
Mr. Leleux stated that this item has not been addressed recently, but it is on the list of things to be discussed.
20.
Mr. Leleux stated that in an emergency, support would have to be relocated to a site such as GSFC or the ER that already have an interface for receiving data to facilitate the navigation function.
21.
Ms. Propst stated that since GPS data will be available, there will be less of a need for interface connectivity if relocation is required during an emergency.
E. Comments
1. Mr. Jerry Wolfe stated that during previous discussions, there were apparent disconnects with the navigation inputs and the on-going PRD effort.  He asked if this issue is being addressed.
2. Ms. Propst stated that all of the items discussed during this meeting are included in the PID and those items will be submitted for inclusion to the PRD.
3. Mr. Leleux stated that if it is decided that it is not feasible to move the acquisition data function, then that item will not be submitted for the PRD.
4. Ms. Propst stated that the item should be included in the PRD if that is the best way to flush out the funding information.
5. Mr. Morse stated that GSFC is not going to respond to the acquisition data function if the item is excluded from the PRD as a requirement.  If the item is included in the PRD, and GSFC responds with a cost, that cost will not be sufficient to understand what it would actually cost to implement the function at JSC because other charges would apply that are not captured in the PRD.
6. Ms. Propst suggested that a different type of study might be needed.
7. Mr. Leleux stated that since the interfaces would be the cost drivers, levying a mission ops project requirement might be the approach to take.

8. Mr. Morse stated that the method now used by the Agency to evaluate an effort is called an “informal assessment” vice study.
9. Mr. Jim Cappellari stated that in looking at the acquisition data processing function, the key is to determine how to address contingencies.

10. Mr. Morse concurred and stated that there is an operational component that needs to be considered.  Mr. Morse noted that a number of years were spent defining how to quickly respond to contingencies and emergencies.
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