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• GNSS High Accuracy Services
• Inter satellite comms
• Cislunar Service Volume
• Intelligent Transportation Systems
• Unmanned Aerial Systems
• MEOSAR (Medium Earth Orbit Search & Rescue)
• Integrated Energy Grid Concept
• Comm. Networks
• Positive Train Control
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Areas of current interest

▪ HARS (High Accuracy and Robustness Service)
active work

▪ PPP for ITS, Unmanned aerial systems, and Train Control
see work by International Engagement Committee 

▪ Inter satellite comms
future area of interest

▪ Expanded GPS service volume
GEO (current) to Cislunar (future)
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1. What is HARS?

Satellite orbit & clock, ionosphere corrections,
and Nav data bits, cryptographically signed,  over the Internet .
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Accuracy Benefits

▪ Better accuracy benefits almost all user applications
▪ Specifically: accuracy in phones and cars, improves from ~3m to <1m
 Good enough for lane-level accuracy
 Lane-level traffic
 Improved traffic flow from:

▪ Better navigation in apps
▪ Real-time knowledge of blocked/closed lanes
▪ Better dispatch of emergency vehicles

2. Benefits: Accuracy, Robustness, National
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Robustness Benefits

▪ GPS is vulnerable to spoofing
▪ Encrypted digital signatures fix this for data-spoofing

▪ GPS is weak
▪ NAV data bits enable signal processing to boost weak signals

(through longer coherent integration)
▪ Long coherent integration enables “super-correlation” which provides 

directional gain from antennas. And adds robustness to spoofing.

2. Benefits: Accuracy, Robustness, National
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National Benefits

▪ GPS has been the premier satnav system to date
i.e. all consumer GNSS chips depend primarily on GPS,
other constellations are secondary

▪ This will change if GPS falls behind in features and performance

”Who’s Your Daddy?, Why GPS will continue to dominate consumer GNSS”, Frank van Diggelen, Stanford 
PNT Symposium 2013. And: Inside GNSS Magazine Mar-Apr 2014.

2. Benefits: Accuracy, Robustness, National
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3. Other systems: accuracy and robustness services 
for consumers

▪ Galileo
▪ HAS (High Accuracy Service), incl Internet
▪ Nav message authentication

▪ BeiDou
▪ GAS (Ground Augmentation Service) via Internet
▪ PPP B2b (Broadcast PPP signals on B2 == L5)

▪ SBAS (WAAS, EGNOS, etc) 
▪ Broadcast satellite data not useful to phones in 

cars, because data bits cannot be decoded.
▪ But: very useful if distributed via Internet
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4. Internet based vs Satellite Based

▪ 2-3 years vs 20-30 years
▪ Stronger encryption via Internet

L5 was proposed in 1995.
28 years later, we have 18 (of 31) GPS satellites with L5. 

“A Brief History of GPS L5” Chris Hegarty, Stanford PNT Symposium, Nov 2010.
L5 proposed 1995, Signal Specification published 2000, first launch 2010.
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5. Who can do this?

▪ DOT is already pursuing Out Of Band navigation message authentication.
▪ WAAS already has corrections for improved accuracy
▪ The GDGPS study from the PNT Advisory Board showed that the JPL GDGPS 

service is one example of how HARS corrections for orbits and clocks can be 
computed.
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6. What is needed next

▪ We need an owner, such as DOT or DOD,  who can fund and implement the 
High Accuracy and Robustness Service for GPS.


