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A GPS receiver automatically selects signals from the satellites in view. Based on continuous
knowledge of the position of each satellite - with respect to precise time and distance from each
satellite - the receiver translates this information into three-dimensional position, velocity and time. As
an example of how accurate the timing is - if the measurement were 1/1000'n of a second off - there
would be a 186-mile error in your location, or approximately one foot error per billionth of a second.
Location is calculated by comparing the known time that the signal is broadcast by the atomic clocks in
the satellites, with the actual time of reception, aka Time Of Arrival (TOA) ranging.
The main GPS system is made up of 24 satellites (plus a few spares) - 4 of which must be received
by your unit to yield a three-dimensional position and time solution. They orbit the earth twice a day at
an altitude of 11.000 miles. At least 5 satellites are in view at all times from virtually any point on earth.
Each satellite transmits its own "pseudo-random code". The receiver is programmed to recognize the
code and match it to the specific satellite. The receiver does this with at least 4 different satellites as it
simultaneously updates its own internal clock bias. The receiver then converts the time lapse of each
satellite's signal into a precise distance measurement. Simple eh!
GPS is a VERY hiqh maintenance system. The satellites require regular clock upkeep, orbit position
adjustments, and data uploads. lf the ground support team (the U.S. Air Force) went on strike, the
system would degrade and become completely unusable within a couple of weeks.
Receiver Autonomous Integrity Monitoring (RAIM) continuously monitors the (lFR certified) unit in your

aircraft for integritv. A RAIM error message is a way of warning the user that there is loss of accuracy,

whether due to solar interference or intentional signaljamming. lf a RAIM error message appears on
your GPS, it's time to go to "Plan B" for a while. Contingent on the Technical $tandard Order ff$Q) that
the unit was certified under, some GPSs can still be used in the RAIM error mode if the waypoints are
manually verified.
GPS provides "@" navigation.
Units with "flrecise Positioning Service" (PPS) capability can expect accuracv to 16 meters (52 feet).
With "$tandard Positioning Service" (SPS) turned on, only a 100-meter (328 feet) accuracy can be
expected. PPS was originally intended only for the military but is now available to all users.
A study commissioned by the DOT has shown that GPS is susceptible to occaFional disruption from
atmospheric effects, glgna|hlgglggg from buildinss or mountains as well as deliberate GPS
interference caused by cheap, pocket-sized "=!1!U,UEre". Long-term outages could be caused by
hostile actions far less overt than full-scale war. Another danger is "SP@E!N9" of the signal. False
GPS signals could be transmifted, which could slowly divert an aircraft off course unbeknownst to the
pilot. For these reasons the DOT "Volpe study'' has recommended a continued backup system
including VOR/DME, lLS, LORAN-C and Inertial Navigation Systems.
The most critical GPS deficiencv is its extremely low-powered sisnal and its sinqle civil frequencv
(1575.42 MHz). These deficiencies would be corrected when GPS lll is commissioned sometime
between 2012 and 2015. GPS lll will transmit at much hiqher power over two dedicated civil
frequencies, which will virtually eliminate natural interference and overcome cheap jammers.
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satellites, and for a short period of time the unit may not be operational.

11. An |FR-certified S (with a current database) may be used as a g$!!!g]g for DME and ADF in all
operations except NDB approaches that do not have a GPS overlay. [AtM 1-1-zif.s.]

12. An IFR certified GPS is required to have a separateQourse Deviation lndicator (CDl) located in the
pilot's primary field of vision. (Ac 20-138)
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GPS - IFR Direct with a VFR GP$: te1.205(dx2), ArM s-1-4
1. rhere is !c!bi!g!!t!Iclcs!s!!s that pl9!i!!!9.-@t-dEB.'lEj9 for navisation 9@!!![!g!!

E|4 - You just jKll!g!! as your p!!)[or Effiffsource of navigation.
2. You WILL need to have the appropriate radios to conduct an instrument approach at the destination.

An ADF approach will require ADF equipment; a VOR approach will require VOR equipment, etc.
3. ENBgglE - As lono aa vou'rc ln a I4U!8 envionment, @!98!!Lt!!93!E! to the

destination. lt is legal to use d€ad reckoning for partions of any IFR flight. There are still many airliners
out there-without ar€a navigation-that ask for and receive direct headings on a daily basis, staring at
VoRf|agsfor|ongperiodsoft ime.ThinkoftheGPSasaformof@.
Its a good idea to have the Egpg out and @g!g! off the passing llgBE just to keep things
honest. This is especially helpful if the GPS decides to go to lunch and doesn't invite ygu.

4 AeEBgllgE - You canNOT use the VFR Q!$ (or an IFR certified GPS that does not have a cunent
database) as the PRllllARY sourco of naylqatlon for an !E!@!3p!@!. But it certainly makes
a great backup for situational awareness.

5. FILING the FLIGHT PLAN - Unless the GPS is IFR certified 99.,!qru!999./9. /G tells them )pu
have an lErcllEgg.,lEg with @g!9 and @iE! (approach) capabilities (AlM 5J-7). Always file
the correct Equipment Suffix for ],our aircraft, usually /U or 4A. lf )|ou want, in the remarks sec'tion, )rou
can mention the fact that you have a GPS on board. E!!99!E! to ]rour destination, but be rcady with
the latitude and !9!glgg9, FSS personnel will appreciate lrou having that information handy.

6. lf ],ou are navigating with VORS, you have to be within the standard seMce volumes (AlM 1-1-8). The
exception is, if you are in EAPISB@NBqI (which you would have b be so as to fly off-airway routing
anyway), standard sewice volumes don't applv.

7. lf ),ou hear the question, "HOW ARE YOU NAVIGATING Dlffi WE SHOW YOU AS A SLANT
UNIFORII?" Simply state "We XnVe eES Otl-EOaBg." You didn't lie. You didn't say you were
slant Golf. You just said )rou had GPS. The controller doesn't care if ),ou spent the extra $8,000 to get
it 'lFR certified', h€ just wants to know if 1ou're gonna make his life simple or complicated. Keep it
simplsl The controller couldn't care less about l/our legal status other then how it affects his operation.
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Afso comes in handy n,
the ddve to the motel.
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LAAS

.""""'@*

W:de Arca f,ugmentation $ystem - WAAS:
1. A satellite navigation system consisting of g!gglC_gg!p@! and software, which auoments the GPS

standard Positioning gervice (SPS). The WAAS provides enhanced integrity, accuEcy, availability, and
continuity over and above GPS SPS. WAAS improves the ggl3gy of the navigation system by
!!g@!!!!g position error from the GPS satellites by use of Ground Beference gtations, thEn
transmlttinq corrective fuctors to a geostationary gE!!!te, then on to your g!@9.,1Q!$ receiver.

2. WAAS will 3!!914.,1Q!$ to be Eg, from E@E throush 9g!cs9sl_p!9,e!g!9!_3p@.
3. Unlike traditional ground-based navigation aids, the WAAS will @ver a more extensive service ar6a.

Slide-area ground Eeference gtations (WRS) will be llnkod to form a ! L!@E@I!. These
precisely surve]red W (about 25 in the US) receive sionals from
gBu!g!!!!eg and any g@ in the signals are then detomlned. !9glrg!g!!91 in the network g9!y9
the lEE to a Wide-area Master 9tation (WllS) where corlection information for specific geographical
areas is ggEpgbg. A @gSSElgEgCS is prepared and gplblgd to a seostationarv satellite
(GEO) via a ground lplink $tatioh (QU!D. The messaqe is then @ggc3s'! on the same frequency as
GPS (11, 1575.42 MHz) to WAAS receivers within the brcadcast coverage area of the WAAS.

4. The WAAS brcadcast message imprcves the GPS glSnal ascuracv from 100 meters (328 f€6t) to
approximately 4g!S (23 feet) 95o/o of the time (it's the other 57o they're a liftle concemed about).

5. Planned qp@!q of the U.S. ground-station network will eventually include other countries such as
Canada, lceland, Mexico, Panama, and beyond. Additionally, @ and E!98 are building similar
s)rstems that are planned to be interoperable with the U.S. WMS. The merging of these systems will
create a worldwide seamless navigation capability similar to GPS, but with greater accuracy, availability
and integrity.

local Area Augmentation 9ystem - LAAS:
I . A gifferential global Positioning g)6tem (DGES) that improves the accuracy of the s)rstem to sub-mefer

/evels by determininq position 41from the GPS satellites at a rcg, !@!.g@gsts!!q on the
e!@!!, then !!3!S!!!!!S the error, or q!@@!4, to the gt@g.,lEg receiver.

2. When a IAAS unit is installed at an airport, it will serve all runwa)/s at that airport with the p!U!!g! of
CAT lll, autoland minimums in g!yJg!!!!!E to @!J!!!4gy. The short-term goal is not to replace
ILS but to provide precision approach€s at airports where local tenain makes ILS equipment unsuitable.

3. LAAS can be used to create cu ed approaches involving numerous approach paths within 30 miles of
th€ airport. The promised but long forgotten dream of the MLS s)6tem.

4. The LAAS gtrU!!!L@9gl!!9&! can be installed at an airport for about the pgig of a g!49!g!!$, but
can potentially @!99.@!S!9!jprc@ to virtually el! of the airport's glggE.

5. The g!re! can also @d3$g!!gE!@E close by to develop !!9!{I9s!9!9!!_:!P@i!!@
without the cost of expensive ground equipment.

6. In addition, a Bosition yelocity Iime (PvT) profile shared by controllers, aircrafr and ground vehicles
should keep runway incursions to an absolute minimum ()ou can n€ver totally remove human error).

7. The objective of the FAA is to install approximately 143 LAAS units throughout the country at locations
served by the airlines.
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