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GLOBAL NAVIGATION SATELLITE SYSTEM (GNSS) 

AERONAUTICAL INFORMATION OVERVIEW
February 9, 2012
SYSTEM OVERVIEW:

The Global Positioning System (GPS) approach procedures were first published in the United States in 1995.  Receiver autonomous integrity monitoring (RAIM) provided the integrity monitoring for the system with RAIM predictions provided as aeronautical information by the Flight Service Stations or receiver specific software.  With the commissioning of WAAS in July 2003 and other new satellite systems and concepts, the United States National Airspace System is transitioning to a satellite based system with new aeronautical information distribution requirements. Satellite navigation has changed the concept and requirements of aeronautical information distribution and considerations.  It is no longer a system of reporting what has happened or is scheduled to happen, but now must also predict what is expected to happen.  
One of the WAAS goals is to provide pilots with increased navigation capability throughout the National Airspace System (NAS).  The availability of WAAS is dependent on the operational status of the Global Positioning System (GPS) satellite constellation, WAAS assets (reference stations, master stations, ground uplink, geostationary satellites, and communications network), and ionospheric interference which is out of the control of the FAA.  Satellite navigation is different from ground-based navigation aids since the impact of satellites out of service is not intuitively known and the area of degraded service is not stationary.  FAA Order 7930.2, Notices to Airmen, outlines the process for time-critical aeronautical information which is of either a temporary nature or not sufficiently known in advance to permit publication on aeronautical charts or in other operational publications.  This information receives immediate dissemination via the National Aeronautical Information System.  NOTAM information is aeronautical information that could affect a pilot's decision to make a flight. It includes such information as airport or primary runway closures, changes in the status of navigational aids, ILSs, radar service availability, and other information essential to planned en route, terminal, or landing operations.  NOTAM information is classified into four primary categories.  These are NOTAM (D) or distant, and Flight Data Center (FDC) NOTAMs, Pointer NOTAMs, and Military NOTAMs.
WAAS uses a network of wide area reference station (WRS) sites to measure various errors affecting GPS performance.  Atmospheric corrections and GPS satellite corrections are generated by a WAAS Master Station (WMS) and broadcast via geostationary earth orbit (GEO) satellites to WAAS user receivers.  These receivers apply the corrections, to their GPS position to obtain a very accurate position solution with assured integrity.

En route, terminal, and RNAV approach operations are currently approved in the United States using GPS (TSO C129a) or WAAS (TSO C145b/146b) avionics installed in accordance with the appropriate advisory circular.  GPS users use the RAIM method for their source of assured integrity and are therefore required to verify the availability of RAIM prior to flight.  WAAS users are not required to perform the RAIM availability check.
LNAV/VNAV approaches may be flown by aircraft equipped with GPS and Baro VNAV or WAAS.  The GPS/Baro-VNAV users rely on GPS for lateral guidance, and the barometric altitude data is used to provide the vertical guidance by calculating a barometric glide path.  Baro VNAV operations are typically available on airline and business aviation aircraft equipped with flight management systems.  The commissioning of WAAS  enabled appropriately certified WAAS equipped aircraft to fly both the vertical and lateral guidance. 

LPV approaches are WAAS specific approaches that are designed to be equivalent to Instrument Landing System (ILS).  LPV procedures can use a decision altitude (DA) as low as 200 feet on precision instrument runways and as low as 250 feet DA to non-precision instrument runways.  These procedures are published on RNAV (GPS) approach charts as the LPV minima line. The Localizer Performance (LP) procedures initially published on January 13, 2011 take advantage of the greater accuracy of WAAS to provide a nonprecision approach procedure equivalent to an Instrument Landing System (ILS) Localizer-only approach at runways where obstacles prohibit publishing an LPV. 
The availability of LNAV was already very good for GPS RAIM users, and with WAAS, it is essentially 100%.  The availability of LNAV/VNAV and LPV is over 99% for the continental United States.    GPS satellite outages, both scheduled (i.e. maintenance) and unscheduled (i.e. failure), and ionospheric disturbances caused by solar flares and storms affect availability of WAAS LPV and LP approaches.  GPS outages affect the geometric precision of a position solution. The effects of geometry on position accuracy and availability can be predicted.    However, the effect on accuracy and availability resulting from ionospheric disturbances cannot be predicted with any certainty.  Actual outages caused by ionospheric disturbances are detectable, but the duration of the outage is not predictable.
Regulator Guidance (AIM, FAR, and U.S. Terminal Procedures)

Aeronautical Information Manual:
1-1-20.c.5.  Prior to GPS/WAAS IFR operation, the pilot must review appropriate Notices to Airmen (NOTAMs) and aeronautical information.  This information is available on request from an Automated Flight Service Station.  The FAA will provide NOTAMs to advise pilots of the status of the WAAS and level of service available.

1-1-20.c.5. (a)   The term UNRELIABLE is used in conjunction with GPS and WAAS NOTAMs.  The term UNRELIABLE is an advisory to pilots indicating the expected level of WAAS service (LNAV/VNAV, LPV) may not be available.  …..WAAS UNRELIABLE NOTAMs are predictive in nature and published for flight planning purposes.  Upon commencing an approach at locations NOTAMed WAAS UNRELIABLE and where the WAAS avionics indicate LNAV/VNAV or LPV service is available, the vertical guidance may be used to complete the approach using the displayed level of service.  Should an outage occur during the approach, reversion to LNAV minima may be required.

1-1-20.c.5.(a) (1)  Area-wide WAAS UNAVAILABLE NOTAMs indicate loss or malfunction of the WAAS system.  In flight, Air Traffic Control will advise pilots requesting a GPS or RNAV (GPS) approach of WAAS UNAVAILABLE NOTAMs if not contained in the ATIS broadcast.

1-1-20.c.5.(a) (2)  Site-specific WAAS UNRELIABLE NOTAMs indicate an expected level of service, e.g., LNAV/VNAV or LPV may not be available.  Pilots must request site-specific WAAS NOTAMs during flight planning.  In flight, Air Traffic Control will not advise pilots of WAAS UNRELIABLE NOTAMs.

1-1-20.c.7.(a)  Pilots with WAAS receivers may flight plan to use any instrument approach procedure authorized for use with their WAAS avionics as the planned approach at a required alternate, with the following restrictions. When using WAAS at an alternate airport, flight planning must be based on flying the RNAV (GPS) LNAV minima line, or minima on a GPS approach procedure or conventional approach procedure with “or GPS” in the title. Code of Federal Regulation (CFR) Part 91 nonprecision weather requirements must be used for planning. Upon arrival at an alternate, when the WAAS navigation system indicates that LNAV/VNAV or LPV service is available, then vertical guidance may be used to complete the approach using the displayed level of service. The FAA has begun removing the 
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NA (Alternate Minimums Not Authorized) symbol from select RNAV (GPS) and GPS approach procedures so they may be used by approach approved WAAS receivers at alternate airports. Some approach procedures will still require the NA for other reasons, such as no weather reporting, so it cannot be removed from all procedures. Since every procedure must be individually evaluated, removal of the [image: image2.png]


 NA from RNAV (GPS) and GPS procedures will take some time.

Code of Federal Regulations Part 91:
91.169 IFR flight plan:  Information required.

(a) Information required.  Unless otherwise authorized by ATC, each person filing an IFR flight plan must include in it the following information:

(a) (2) Except as provided in paragraph (b) of this section, an alternate airport.

(b) Paragraph (a)(2) of this section does not apply if:

(1) Part 97 of this chapter prescribes a standard instrument approach procedure to, or a special instrument approach procedures has been issued by the Administrator to the operator, for the first airport of intended landing; and

(2) Appropriate weather reports or weather forecasts, or a combination of them, indicate the following:

(i) For aircraft other than helicopters.  For at least 1 hour before and for 1 hour after the estimated time of arrival, the ceiling will be at least 2,000 feet above the airport elevation and the visibility will be at least 3 statute miles.

(c)  IFR alternate airport weather minima.  Unless otherwise authorized by the Administrator, no person may include an alternate airport in IFR flight plan unless appropriate weather reports or weather forecasts, or a combination of them, indicate that, at the estimated time of arrival at the alternate airport, the ceiling and visibility at the airport will be at or above the following weather minima:
(1)  If an instrument approach procedure has been published in part 97 of this chapter, or a special instrument approach procedure has been issued by the Administrator to the operator, for that airport, the following minima:

(i)  For aircraft other than helicopters:  The alternate airport minima specified in that procedure, or if none are specified the following standard approach minima:

(A)  For a precision approach procedure.  Ceiling 600 feet and visibility 2 statute miles.

(B)  For a nonprecision approach procedure.  Ceiling 800 feet and visibility 2 statue miles.

U. S. Terminal Procedures:

TERMS/LANDING MINIMA DATA:   NOTE:  The 
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 symbol indicates outages of the WAAS vertical guidance may occur daily at this location due to initial system limitations.  WAAS NOTAMS for vertical outages are not provided for this approach.  Use LNAV minima for flight planning at these locations, whether as a destination or alternate……
GNSS NOTAMS
WAAS Predictive NOTAMS:
At WAAS commissioning it was determined to provide predicted WAAS service availability and short term airport outages.  A WAAS Service Volume Monitor (SVM) was developed at the John A. Volpe National Transportation System Center to provide these predictions.  The SVM relied on GPS satellite status from the GPS Master Control Station, received in the format of a NOTAM from the FAA; GPS almanac data from a GPS receiver with a backup source from Schriever Air Force Base; location information for airports with Area Navigation (RNAV), and GPS procedures listing provided by Aviations System Standards that is converted into a database by the FAA.  The SVM generated the WAAS service availability for a 30-hour period once every 24 hours.  The data was processed at one-minute intervals over the 30-hour prediction window.  Any predicted outages were formatted as FDC NOTAMs and automatically posted to the airport NOTAMs listing.  This service was terminated on November 3, 2009, due to software issues that caused problems with the NOTAM system.   The Aeronautical Information Management Office is overseeing the development and testing of a new predictive system for future implementation.
GPS and WAAS NOTAMS:

There are numerous sources and services for providing aeronautical information and NOTAMs to  pilots.  The two primary sources that will be discussed are the United States Flight Service Station (FSS) and PilotWeb which is found on the internet.  Both sources are provided by the FAA.  The FSS services are provided through an FAA contract with Lockheed Martin Corporation except for the State of Alaska which are provided by FAA employees.  The FSS only provide GPS NOTAMs on request by the pilot.  These NOTAMs consist of satellite outages and area outages contained in the Air Route Traffic Control Center (ARTCC) NOTAMs.  The FSS no longer provides receiver autonomous integrity monitoring (RAIM) outage information, but instead refers the pilot to the AC 90-100A GPS RAIM Prediction website at www.raimprediction.net/ac90-100/.   
The PilotWeb Site provides access to current NOTAM information from the United States NOTAM System.  GPS and WAAS NOTAMs require an understanding of the website and how to locate the required information.  Satellite outages are displayed by entering KGPS or KNMH in the location block of the NOTAM Retrieval section on the home page of PilotWeb.  GPS and WAAS area outages, system outages, and interference NOTAMs are located on the ARTCC Notices, TFRs and Special Notices Page.  The specific ARTCC has to be checked for the area you are interested in to get the information.  After you select the ARTCC selecting View GPS NOTAMs will show you only those NOTAMs that have GPS as a keyword.  This may miss some WAAS NOTAMs that do not have the GPS keyword such as a WAAS system outage that would be listed as an FDC NOTAM.  Airport specific FDC NOTAMs can be found by entering the airport identifier in the location block of the NOTAM Retrieval section.  If you are required to check RAIM due to a WAAS outage, the primary RAIM source is located at www.raimprediction.net/ac90-100/.
The Notices to Airmen Publication (NTAP) should also be checked for any long-term NOTAMs that affect your flight.  The NTAP is published every 28 days.  Data of a permanent nature can be published in the NTAP as an interim step between publication cycles of the Airport/Facility Directory and aeronautical charts.  The Notices to Airmen Publication is divided into four parts:  Part one contains selected NOTAMs that are expected to be in effect on the effective date of the publication.  Part two contains revisions to Minimum En Route IFR Altitudes and Changeover Points.  Part three, International, contains Flight Prohibitions, Potential Hostile Situations, Foreign Notices, and Oceanic Airspace Notices.  Part four contains special notices and graphics pertaining to almost every aspect of aviation such as military training areas, large scale sporting events, air show information, and airport−specific information.
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