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I would like to thank Chairman Tierney, ranking member Flake, and distinguished members of the subcommittee in allowing me to provide thoughts on this important topic.

By way of introduction, I was the first GPS Program Office Director.  I was the chief architect and advocate for GPS.  Since that time, my research program at Stanford has pioneered a number of significant civil GPS advances, including blind landing of aircraft, robotics steering of farm tractors, and the prototyping of the FAA’s WAAS system.

This presentation will discuss mitigation options for possible GPS brownouts. GAO correctly points out the possibility that the GPS constellation will be reduced to less than the current number of 30 to 32 satellites.  In fact, it is possible that the constellation will be at a level of less than 24 satellites.

I would like to focus on the options that would help reduce this risk.



Background
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• GPS now has over 50 Million Civil Users and up to 
 100,000 DOD users

– Vital to infrastructure – especially  FAA’s NextGen
– Essential to virtually every DOD Weapon System

• Current “Requirement”
 

is for 24 sats, but level of 
 service is 29 to 30

–
 

Independent review teams repeatedly advocated 
 requirement be raised to 30

• Defense Science Board, GPS Independent Review Team, PNT 

 Advisory Board say 30
• European and Chinese competitors both set at 30 Sats

Presenter
Presentation Notes
In way of background, GPS is now the backbone of many civil and military systems.  The estimate of 50 million civil users is probably understated as GPS finds its way into cell phones and other mass uses. This number will continue to increase over the next few years.  For civilians, GPS is essential in many elements of our infrastructure.  This includes cell phone timing, air traffic control,  and monitoring fishing areas.  Any reduction in the effectiveness of GPS will have severe infrastructure impacts.  

At the same time, the military is using GPS in virtually every DOD weapons system.  We find ourselves in combat in Afghanistan, a mountainous area with very restricted viewing of the sky.  Our warriors need a full 30 satellite constellation to give them GPS operational benefits in all areas of those mountains.

The current official requirement for GPS is a constellation of only 24 satellites.  This dates back to 1973, when I led the architecture and advocacy for GPS.  Since that time, the usefulness of GPS, and the need for it in sky-obscured areas, has led many independent bodies to believe that the 24 satellite requirement should be raised to 30 satellites.  Distinguish committees such as the Defense Science Board, the GPS Independent Review Team and the Pos Nav Timing Advisory Board all say 30 satellites is the correct number.  The European and Chinese are developing competitive systems to navigate using satellites.  In both cases, their design includes 30 satellites.

So, although brownouts would only be “officially” declared at levels below 24, anything below the current level of 30 satellites is a cause for concern.  The potential economic impact if the number were below 24 may be quite serious. 



GPS Brownouts ‐
 Satellite numbers fall to less than current service

• Risk of Brownouts repeatedly pointed out by 
 independent review teams

– IIF Replacements greatly delayed
• Congenital Defects due to bad procurement practices 

 imposed on the Developers in late 90s
• Design now quite old – many parts no longer available

– IIIA now underway (finally)
• Delayed by DOD for at least 3 years
• Independent reviewers believe it is potentially a model 

 procurement/development
• Main impediment is multilayered approval process above 

 the Program Office
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It should be noted that the risk of brownouts has been repeatedly pointed out by the Independent review teams that were just mentioned.  

There are two principal causes of this risk.  The first is that the generation of replacement satellites called IIF, has been greatly delayed.  A substantial part of the reason for this is that the contract for IIF satellites was placed during a period when DOD imposed a grand experiment in contracting.  In addition there were some changes to the satellite to modernize its design, but the bottom line is the satellite has been on contract since 1996 and will not be launched until 2010.  The design is quite old, and the capability of the satellites does not meet the latest requirements. 
 
The GPS IIIA is now underway, but was delayed for a protracted time by the decision-making and budgeting processes.  Independent reviewers believe it is potentially a model procurement and development.  A substantial impediment to meeting schedule is the multi-layered approval process.  This is above the Program Office at the space and missile command.

The reasons the risk has increased, are now a matter of history.  The current issue, that should concern us all, is: what options should we pursue to substantially reduce the risks of brownout.



GAO Report Omission 
 44 months Award‐to‐Launch Demonstrated by GPS I

• List of historic development times omitted the 
 most significant one – GPS I (June 74 to Launch Feb 

 78)

– Brand new design – no prototype
• Keys included:

– Streamlined Approvals 

– Only one small change to contract

– Integrated Product team – heavy USAF involvement at 

 contractor

– Top notch Blue suit engineers (Masters and PhD degrees)
It can be done – goal was 36 months!
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There is one historical data point, that was not included in the GAO report.  The very first GPS satellite went on contract in June of 1974.  The first satellite was launched in February of 1978. Thus the time from contract award to launch was only 44 months.  This was a brand-new design for which there had been no prototype.  The satellite operated flawlessly on orbit.  The keys to success were a streamlined approval chain (all the way up the OSD chain), severe restrictions on any contract changes, and an integrated product team.  In addition, the program office was staffed with top-notch blue suit engineers.  Almost all of them had Masters or Ph.D. degrees from prestigious universities.  The point is that if the management chain cooperates, and the Program Resources are in place, shorter schedules can be achieved.

This should be particularly applied to GPS IIIA.



GPS Constellation Size
 (Currently 31 sats

 
–

 
could be down to 24 or less in 2018)

• Constraints
 

on Brown‐out Mitigations
– Only current GPS

 
signals will help (Civ and Mil)

• User equipment for new signals will not be fielded
– Brand New Foreign Satellite Developments of no help

• Options– in order of value
1.

 
Use previously retired GPS satellites

 
still available

2.

 
Speed up GPS IIIA (expedite milestone approvals)

3.

 
Develop a simplified GPS IIIA satellite (IIIS) in parallel with IIIA 

 
(no extra payloads)

X. Restart /Extend IIF line  (would be risky, expensive, and late)

• Desired:  about 6 more Satellites by 2016

 to help insure a constellation of 24 to 30
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Major options to mitigate against a brownout, must consider the constraints on any solution.  If the mitigation solution does not broadcast the current GPS signals, it will not service the current GPS users.  As a specific example, any solution that uses the new competing satellite systems, such as the European Galileo, is of no value since both civilians and military only have user equipment to receive the GPS signal.  In other words, these foreign satellites will neither broadcast the GPS signal nor the military one.   In the next six to eight years,  this situation will not significantly change.

In my view, there are three major options for mitigating brownouts.  Fortunately, these  options could be done together.  These are: 1. To reactivate the previously retired GPS satellites that are still operating in normal GPS orbits.  2. To speed up the GPS IIIA development space (expedite the milestone approvals). 3. To develop a simplified GPS IIIA based design, Spartan satellite (IIIS) that would not include the extra payloads, and, once designed, could be built quickly and launched into space with two satellites on a booster.  This would be done in parallel with the current program.

In addition, there is a fourth option that some people may propose.  This is to restart or extend the IIF satellite line.  This option has been carefully reviewed and deemed nonviable.  The reason is simply that the satellite design is old and relies on parts that are no longer available.  In addition, the satellite, while providing the older signals, does not meet current requirements.

I believe that any solution should try to provide six more satellites in the 2016 time period.  The goal is to help ensure the constellation size is in the 24 to 30 range.

I will now briefly discuss each option, in turn.  My purpose is to highlight the pros and cons of each.  The options are numbered in rank order.  In my opinion, the number one is most favorable.



1. Reactivate Previously Retired GPS satellites 
 still available (in operational orbits)

• Pros
– USAF has already prepared for this (~5 sats

 

available)

– Procedures well established – low operational risk
– More older satellites will probably qualify to do this

– Option is virtually free

• Cons
– Old satellites –

 
will only give a few years each & will not 

 completely resolve problem

– Will not activate non‐GPS functions
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The number one option is to use previously retired GPS satellites which are still in the operational orbits (they have not yet been boosted up to the higher, totally retired orbits). 

The advantages of doing this are: 
 The US Air Force has already prepared for this and has approximately 5 satellites, which are still in those orbits.  These satellites typically have degraded solar cells, and cannot support the full functionality.  Lacking sufficient power means that certain subsystems must be turned off.
 the procedures to reactivate the satellites have been well established and tested.  The Air Force control squadron has routinely exercised this capability to insure it is viable.  Therefore it is a very low operational risk.
As the solar cells fail on the current operational satellites, there will be more of them that could be used in this mode.
This option is virtually free.  The budget to support it is minimal, and probably included in already programmed funds.

Concerns about this option would include the fact that the retired satellites are old.  Each of them can only be expected to give a few more years of operation.  Because they had exhibited reduced power, they were retired.  When brought back online, the less essential functions of the piggyback payloads would have to be curtailed. 

This may alleviate some of the pain, but it will not solve the problem by itself.



2. Speed up GPS IIIA 
 (expedite milestone approvals)

• Pros
– Already on contract
– Design underway and going well
– Includes new International signal
– Almost ten times more military power

• Cons
– Speedup constrained by funding and budgeting process
– Earlier DoD

 
level management impediments

• Confusing chain of command
• Many can say no – no one can say yes
• Considerable unnecessary delay
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The second option is to take actions that would speed up GPS IIIA and offer further assurance that the schedule can be met. Any such actions would only be taken if they do not increase technical risk in the development.

 In favor of this option is the following:

 This development effort is already under contract.
The technical design is well underway and will shortly achieve preliminary design review.  Independent experts have generally given very good grades to the accomplishments up to this point.  
The GPS IIIA design includes the new international signal called L1C, which will enable all international satellite systems to operate on the same frequency.  This will greatly simplify user equipment design.  In addition, it should eventually be very helpful in modernizing air traffic control.
The military signal has a boost mode that increases military power across the whole earth coverage by a factor of almost 10.  This would reduce the effectiveness of an enemy Jammer by a factor of more than 80%.

Arguments against this option include the fact it would require additional budgeting and funding activities by the DOD.  In addition, it requires streamlining of the DOD management chain of command.  In particular, the whole management chain of command must develop a sense of urgency and stop the extended delays that have occurred in the past.  By and large these delays have not contributed to risk reduction, and in fact, by extending the schedule, have added to the cost.



3.  Develop simplified GPS IIIA satellite 
 (IIIS) in parallel with IIIA (no extra payloads)

• Pros
– All essential boxes already at PDR for IIIA
– Has modernized signals and additional power

– Also would need streamlined decision making

– Could be dual launch – savings about $75M/ sat

– Could be accommodated with current contract

• Cons
– Additional Payloads not included
– Not budgeted
– Strain on contractor and Program Office 
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A third option is to develop a simplified GPS IIIA satellite in parallel with the development of the fully functional GPS IIIA.  This might be called the GPS IIIS satellite with the S standing for Spartan or Simplified.  The fundamental idea would be to retain all of the GPS IIIA functionality but not include any of the extra payloads.  Specifically, the nuclear detection system would not be on this version of GPS IIIA.  I note that the operational requirements for the nuclear detection system only require 18 satellites on orbit.  This simplified satellite would have all of the fundamental GPS capabilities, but would not have to support the size weight and power of the additional payloads.  

In support of this option is the following.
 All of the essential boxes for the GPS components are already at the PDR stage for the IIIA satellite.
 the IIIS satellite would have a modernized GPS signals as well as the additional military power.  Thus it would have full capability for both civil and military GPS users.
Because of the reductions in size, weight and power, two satellites could be accommodated on a single booster.  This dual launch capability would result in a savings of about $75 million for satellite.  
I believe this could be part of a streamline procurement under the current contract, without changing the fundamental terms for the full IIIA satellite.

The downside of this option is that it has not been budgeted and the additional IIIA payloads would not be included.  In addition, it would put strains on both the contractor and program office.  However it should be noted that the subsystems will all be fundamentally the same.  The hope is that such a development could be achieved with the speed that we achieved the first satellite built back in the 1970s.  If the first satellite could be launched by 2013, it would constitute a significant insurance policy against brownouts.



X. Restart /Extend IIF line

• Pros
– Already designed

• Cons
– Design and Parts obsolete – must be redesigned
– Still untried – may have further congenital defects
– Lacks Powerful Military signal (Hostile Jammers

 

have seven times more 

 
effective area with IIF signal than GPS IIIA)

– Does not have new International Signal (L1C)
– Probably would have to be recompeted

 
(a “new”

 

design)

– Major near term budget hit –
 

IIF is still overrunning
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There is a fourth option, which may have been offered by some.  This is to restart or expand the GPS IIF production line.  The apparent advantage of this is that the GPS IIF is close to its first launch.  Some might think major advantage would have been the fact that it is already designed.  Weighing against this advantage is the fact that the design and the parts are obsolete.  Virtually all the boxes and components would have to undergo a major redesign.  Furthermore, the design is still untried, and was developed during an era of flawed procurements.  While the Air Force has undertaken a very rigorous test program it is still conceivable that we will find further congenital defects.  The IIF satellite lacks the powerful military signal that will be extremely helpful against potential hostile jammers.  In addition, it does not broadcast the new international signal L1C.  Because of the extensive redesign it seems probable that the satellite would have to be re-competed.  Finally, this would be a major near-term budget hit in a period when the IIF satellite is still over running its budget.



Conclusions
 options can be done in parallel, where reasonable

• Option #1 (Reactivating retired satellites)
 

should be continued 
 and expanded where feasible

• Option #2 (speeding up IIIA schedule) should be encouraged 
 and supported

• Option #3 (IIIA derived spartan
 

satllite

 

–

 

IIIS) should be 
 

seriously 
 explored and used if

 
possible

• Option X is a non‐start, IIF design is dead end –
 an old design against old requirements

Above all, the senior decision chain has to become a part of the

 solution with appropriate urgency
A risk mitigation plan is needed, using options 1, 2, and 3
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In conclusion, I would offer the following:

Option one, using the older spent satellites, which is already under way, should be continued and expanded, where feasible.  It has negligible cost and its risk reduction value is significant.  Option two (IIIA speedup) should be encouraged and supported, particularly the streamlining of the decision-making process. Option number three (IIIS satellite) should be seriously explored and used if possible.  Option number four is a nonstarter: the design is a dead end, and it would be both expensive and risky while not meeting operational requirements.

Above all, the senior decision making chain has to become a part of the solution.  This means that they do everything in their power to help the program office achieve the needed schedule.  To do this and I believe a risk mitigation plan is needed which includes examining the options 1, 2, and 3 that I have offered in this presentation.

I note that options two and three would require significant near-term budgetary actions.  Given the competing interests in the DOD right now, this would be an uphill flight.  On the other hand, GPS is so much a part of the embedded infrastructure, that brownouts must be avoided.  To avoid this risk will require the best efforts of DOD, Congress, the GPS program office, the Air Force space command, and the contractors.

Thank you very much for considering my observations.
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