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Benefit:
Lower DH

Requirement: More
Accuracy, Tighter Bounds




GPS Timeline

1966 1972 1978 1982 1986 1990 1994 1998

DoD c!evelopment GPS Initiall GPS Final Tum off
results in gpproval to Operating | Operating Selective
proceed with program Capabilty | Capabilty  Auailability
Garmin .
GPS 45 GPS chip sets
support over 500
First survey receiver million users
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GPS Timeline for Aviation

Initial WAAS ~ WAAS Contract
MOPS Award
Development

GPS Integrity
Channel
Proposed

1966 1972 1978 1982 1986 1990 1994 1998 2002 2006

ICAO notes KAL 007 IFR approval

potential of ICAO identifies 150-C129

satellites for satellite supplemental

aeronautics
technology as ICAO approves
central to air lobal

ICAO recommends navigation ~global
research on implementation
aeronautical satellites plan SLS-4000
WAAS Approved (GBAS)
SDA
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WAAS Architecture

38 Reference 3 Master 4 Ground

Stations Stations Earth Stations
2 Geostationary 2 Operational
Satellite Links Control Centers

Courtesy:
Wide Area Augmentation System (WAAS) - Program Status Federal Aviation

Administration




Geostationary Satellites (GEO)

Provides Dual Coverage Over United States

Courtesy:
Wide Area Augmentation System (WAAS) — Program Status Federal Aviation

Administration













GPS Performance (Usually)

On a good day, the
red circle encloses 95%
of the GPS position fixes.
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Major GPS Faults About Twice a Year
Example: Ephemeris Failure on April 10, 2007

On a bad day, the
GPS errors can be
much worse.

WAAS & GBAS
eliminate these
large errors.
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Courtesy:
Seebany
Datta-Barua

Undersampled Condition
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Localizer Performance Vertical (LPV) Coverage

Courtesy:
Wide Area Augmentation System (WAAS) - Program Status Federal Aviation

Administration




WAAS RNP 0.3 Current Coverage

Courtesy:
Wide Area Augmentation System (WAAS) — Program Status Federal Aviation

Administration







R ILS Installations: Each Runway End
7 Requires At Least Two Transmitters

1318 ILS’s nationwide
21



No GPS E.quipment Required at Airport
50 Pieces of WAAS Equipment Serve the
Continent

As of November, 2009
« 1820 WAAS-based LPV’s
« ~1000 for non ILS runways 22






\& Ultility of Protected Accuracy from WAAS

 Localizer performance with
vertical guidance (LPV)

« Safer than lateral nav.
(non-precision approach)

« Same decision ht. as Cat |

* GBAS for Cat. Il & I

WAAS (& GBAS) tunnels:
* Do not flare like ILS

* Do not have beam bends
* Are programmable

* Are adaptable
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