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Facillties that a WaolP system relies on. The result being that the YWolIP network further
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A partir de octubre de 2012, seran afadidos los documentos de conferencias, elevando las adiciones de contenido HTML a
maés de 13,000 articulos por semana
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Worldwide Vertical Guidance of Aircraft Based on
Modernized GPS and New Integrity Augmentations

With dual frequency signals and an increasing number of satellites in the glebal
positioning system, correction of faulty and misleading aircraft landing approach
information can become more rapid and precise.

In the 2020 time frame, the Global Postioning System (GPS] wall be fully modernized, and other satellite nawigation
systemns will b operational. With an addtional layer of fault detection, these systems will provide werbcal guidancs
worldwide. Thie capabilty will be born of three important tachnologies. First and foremost, avicnics will recaive
signals on bao freguencies: LL/EL and L5/ESa. This frequency diversiby will do much to obwata the impact of
ionospheric storme that troubles aviabon use of GRS today. Secondly, a multiplicty of data broadeasts will be
avallable to convey iIntegnty information from the ground to the airbome uzers. Theze will indude the nawvigation
catellites themsshves, geostahonary satellites, and possibly berrestrial branzmitters. However, the most important
change will be the most subtle. The fault monibanng burden will be split bebwesn the aircraft and the supporting
ground gystems in 3 new way reladve to the faulc-detecion technigues used in 2008. This new integrity allocation
and the associated architecures are the subjedt of this paper.

- This articles appears in Procesdings of the IEEE.
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This paper concerns itzelf entirely with tha nze of modernized GPS [1], [2], [2] and other new
catellito navigation systeme to aid the navigation of aircraft approaching airports and »
preparing to land. Vertically guided airport approach deserves such a focused treatment
becansze it is the most demanding phase of flight. The associated requirements on the
nnderlying navigation svstem are simply extraordinary. Navigation must be available greater
than 99% of the time regardlass of the weather. The navigation system must be especially
reliable after an aireraft approach has commenced. A brealt in the continuity of the service
must affect fewer than one in 100 coo aireraft approaches. In addition, the navigation

system mmst guard vigillantly agamet the possibility of hazardously misleading information
(HMAIL). In other words, the system must be able to detect any threatening faults or rare-
normal events within a few seconds [often referred to as the time-to-alert (TTA)]. These
fanlts are worrisome if they vield undetected navigation errors greater than five to fitty m
(depending on the aircraft altitude). This sought after property is called integrity, and the risk
of an integrity failure during the approach must be less than 1077 to 107% per approach
(depending on the minimum decision altfinde). Further details on these requirements can be
found in Section IV.
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The approach operation is depicted in Fiz. 1. The procedure can be roughly categorized by
the lowest decision altitude (DA) enabled by the navigation svstem. Below this altitude, the
pilot must be able to see the runway environment. If not, she or he must abort the landing,

| Lower DAs demand more crew training and more sophisticated navigation equipment on the

ground and in the air. However, lowar DA< ara portainly decirable in bad weaather.
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Az described earlier, we wish to provide vertical gnidance capability for aircraft
down to an altitude as low as 200 ft. One such procedure has been developed
called localizer performance with vertical guidance (LPV)-zoo. The kev
requirements as specified in the Wide Area Angmentation System (WAAS)
program [2-] will be briefly outlined in this section. These include accuracy,
integrity, time-to-alert, continuity, and availability. There are requirements on
both vertieal and horizontal positioning. Since the vertical positioning
requirements are much more difficult to meet, this paper will focus exclusively

on them.

The accuracy requirement is expressed at the ninety-fifth percentile. In the
vertical positioning domain, this value must be below 4 m for each aireraft (18],
[z4]. As the requirement only extends out to 5%, the rare event tails of the error
distributions do not impact the evaluation of this criterion. When modeling these

errors as Gaussian, comparatively small biases and sigma values can be nsad.

Another form of accuracy requirement is known as the effective monitor
threshold (EMT). The requirement is that a fault must be detected at least 50%
of the time when an error is present that creates a vertical positioning error equal
to thie EMT. Larger errors must be detected with even greater probability. For

this paper, the EMT is being evalnated as 15 m. This requirement primarily
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For aireraft navisation, fault detection and isolation is paramount. Faults that may canse
HLI mnst be noticed and mitisated in real-time. The operation of GPS has been very reliable ) _
and clearlv reflects the extracrdinary skill of the Air Force personnel that operate and | .

maintan GPS. However, fanlts have cccurred. Some are man-made and others are due to
MMother Nature. |H | =

For example, the navigation data broadeast by the GPS satellites occasionally contain

significant errors. As shown in Fig. 3, the GPS satellites are monitored by a relatively sparsa
ground control network (five stations are shown in Fig. 5 bat eight new stations have heen '

recantly added [5]). Measurements at the ground stations are used to predict the orbit of the I_
P35 satellites. These predictions are uploaded to the satellite and hroaadeast to the nsers. | : '
Crenerallv. this estimated orbit is within 1 or 2 m of the tmeTt owewver, the broadeast

) ) ) ) e rg and 2007, errors .
B, Broadcast v, precise PS5 ephemerides: & hisrorical

percpective mitlier ccourred on April 1o,

D. L. M. Warren, 1. F. Ragquet & contained an error of at least | o

=PE Solutions, Vel 7, iscue (3), 2003-12

kB View All References b Full Taxt: PDF

ECORFAM-México, 5.C.
143 — 50 itzopan Street ) - . _

L Florida. Ecatepec Municipality Mexico Colombia Guatemala
Mexico State, 55120 Zipcode Bolivia  cameroon .
Phone: +52 | 55 6159 2204

www.ecorfan.org Spain  Eisavador Republic
Skype: ecorfan-mexico.s.c.

. . Ecuador Taiwan of Congo
E-mail: contact: ]
Facebook MM

Twitter: @EcorfanC

Holdings

Pe ru Micaragua Paraguay


https://twitter.com/ecorfanc
https://www.facebook.com/ECORFAN-M%C3%A9xico-S-C-717112418391483/
mailto:contacto@ecorfan.org

Acceso a Math TeX Source

1702902

Registro Nacional de Instituciones
 Empreses Ceifas y Teanolgics

CONACYT

ECORFAN-México, S.C.
143 — 50 itzopan Street
L2 Aorida. Ecatepec Munidpality
Mexico State. 55120 Zipcode
Phone: +52 | 55 6159 2294

Skype: ecorfan-mexico.s.c.

E-mail: contact:
Facebook: H-Méxic

Twitter: @EcorfanC

made longer for these architectures as the ground monitoring is no longer responsible for
meeting the E.2 5 TTA on its owmn.

Contimnty requires that the above requirements be met continuously for the duration of the
approach. Given that the above requirements are met at the initiation of the approach, the
probability that one of them will be exceeded must be at or below 8 = 10-F per 15 second
interval [18]1, [24].

Availability is the fraction of time that all above requiremeants are met. For the system to be
useful, 1t must be available at least 0% of the time at any location where LPV-zoo0 service 1s
authorized [15], [24]. For scheduled service, it may need to be available for even greater
percentages of time (hetween gg.0% and gg.goo2a).

All of the architectures considered for this paper rely on dual frequency ranging
measuremants. The Li and Lg signals are combined in 2 wav to eliminate the first-order
ionospheric delay [25]. Unfortunately, this combination increases the impact of
measurement noise and multipath. The measurement noise term for the jth satellite can be
described as normally distributed with zaro mean and variance
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