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15 NAVIGATION , LANDING, AND LIGHTING SYSTEMS

The FAA, the Department of Defense (DOD), angacity and to meet FAA forecasts for increased
nonfederal agencies operate more than 4,30@ffic, severely congested airports may require
ground-based electronic navigational aides (Nadditional airport development (in terms of both

vaids) that broadcast navigation signals within @learance categories and pavement). Aviation sys-
limited area. This network of Navaids enabletem users and airports at low-capacity locations
users with suitable avionics to navigate en routgho want to take advantage of new opportunities
and safely fly nonprecision (course guidanceiay incur additional airport development costs.

only) and precision approaches (course and g“%D plans to replace the current GPS satellite

path guidance) in most meteorological ConCIIt'onsc'onstellation beginning in 2005. The new satel-

The FAA also provides a variety of approaclites will feature an additional frequency (i.e., a
lighting systems that enhance pilot transition frorgecond frequency) to improve performance for
instrument reference to visual reference for lanaivil use.

ing. Operational requirements, including the spe- - . : :
cific approach to be flown, dictate the types anéfter sufficient time to allow for installation of

: : Ot tellite-based avionics and sufficient experience

configuration of the approach lighting system foP2 .
a particular runway. Approach lighting system ith WAAS and LAAS. operations, a pha_se-dovyn
of ground-based navigation systems will begin.

enable Category (CAT) | precision instrument a . S

proaches to be flown to one-quarter-mile Iowgp]e phasejdown is expected to begln_ in 2005.

visibility minimums he exact timetable and extent of Navaid decom-
' missioning will depend on the performance of the

The navigation and landing system will evolvesatellite-based systems, international agreements
from ground-based Navaids to a satellite-baseghd user acceptance.

system that will consist of the Global Positionin ) ) )
System (GPS) augmented by the Wide Area Au§;ongress has directed a sl_owdown in WAAS until
mentation System (WAAS) and the Local Are echnical qnd programmatic uncertainties are re-
Augmentation System (LAAS). The satellite-SOlved. Initial operating capability (IOC) for

based system will meet the demand for addition¥YAAS is expected to begin in 2000. I10C is ex-

navigation and landing capabilities and improv@€cted to provide en route navigation and non-
safety while avoiding the cost of replacing, exPrecision and precision approach capability with

panding, and maintaining many of today'sOme operational restrictions. Incremental im-
ground-based Navaids. provements after IOC will enable pilots to use

) o ] GPS/WAAS avionics for all phases of flight dur-
T_he satelllte_-based nawg_atlon_ system_wnl PrOihg instrument meteorological conditions.
vide the basis for NAS-wide direct routing, pro-

vide guidance signals for precision approaches idere may be a need for a limited number of addi-
most runway ends in the NAS, and reduce the vlional instrument landing systems (ILSs) to sup-
riety of navigation avionics required aboard airPOrt new runways at capacity-constrained air-
craft. Operational efficiency and safety will bePorts. These ILSs would be installed on an as-
improved by adding more than 4,200 precisioR€eded basis during the transition. Because GPS/
approaches (and an additional 4,200 nonprecisi¥MAAS is expected to provide service equivalent
approaches) at many airports lacking such cap& a CAT | ILS, emphasis would be in supporting
bilities today (see Section 28, Airports). CAT Il and 1112 requirements.

In order to take advantage of the opportunity thBuring phase-down, the reduced network of
new capabilities offer to significantly increase caground-based facilities (very high frequency

|_
<
o

1. A Navaid is any visual or electronic device, airborne or on the surface, that provides point-to-point guidance information or
position data to aircraft in flight, page 299, 1995 Airman’s Information Manual/Federal Aviation Regulations (AIM/FAR).

2. Lowest authorized ILS minima are: CAT |, 200-foot decision height and 1,800 to 2,400-foot runway visual range (RVR);
CAT Il, 100-foot decision height and 1,200-foot RVR; CAT llla, no decision height and 700-foot RVR; CAT llIb, no decision
height and 300-foot RVR (Reference: FAA Order 8400.10 U.S. Standard for Terminal Instrument Procedures).
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(VHF) omnidirectional range/distance measurin,
equipment (VOR/DME), nondirectional beacon: s d
(NDBs), tactical air navigation (TACAN), or > =
ILSs)) will enable users who are not equippe /
with satellite-based avionics to continue to fly ir Ground-Based Navigation Systems
the NAS. In some areas, these aircraft will need | Navigation Landing
. . . . TACAN TACAN
follow more circuitous routes than aircraft with VOR/DME VOR/DME
satellite-based avionics. In the event of an une; N8 s
pected localized loss of satellite-based service MLS

aircraft equipped exclusively with satellite-baseggyre 15-1. Current Navigation Architecture

avionics in airspace with radar services will berACAN) facilities. The DOD operates an addi-
vectored to visual conditions, to areas where Ngg 5| 30 such facilities at terminal locations.

vaid reception provides backup, or to regions un-
affected by the loss of the satellite navigatiomo supplement the VOR/DME network, the FAA
(SAT NAV) signal3 operates more than 700 NDBs, and the DOD

Studies are underway to: (1) determine how ma apout 200 NDBs. NDBs are used as compass lo-
y to: Potors in conjunction with some ILSs and for non-

?JOliES{g:Ze»?e;]an:g?S/ Sg%’;igﬁm :gu;ndasﬁtr\gggfecision approaches at low-traffic airports with-
P porary/p ut convenient VOR approaches. NDBs are also

igational capability, and (2) determine whethe - ;
GPS/WAAS can be the only navigation capabilit)gsed for en route operations in some remote areas

carried aboard an aircraft and provided by Fw;&go;irt;ar;sggomng from oceanic to domestic en
The NAS Architecture will be revised in accor- pace.
dance with the study results. The FAA operates more than 600 TACAN sys-
I . . tems to provide air navigation for most military
15.1 Navigation and Landing Architecture aircraft. DOD also operates more than 150
Evolution TACANSs. The U.S. Coast Guard operates the Lo-
The following four steps present the evolutioman-C system, which can be used for en route nav-
from ground-based to satellite-based Navaids: igation in the NAS, provided another system
(VOR/DME, NDB, or TACAN) is carried on-

* gtep lt: lNngégat'on and Landing ArCh'teCtureboard. Current Loran-C avionics do not support
(Current— ) instrument approach operations.

» Step 2: Implementation of WAAS (ZOOO_ZOOZ)I'he FAA and DOD operate two types of precision

» Step 3: Completion of WAAS; Implementationapproach Navaids: ILS and a limited number of
of LAAS; Start Phase-Down of Ground-Basednicrowave landing systems (MLS). The FAA op-
Navaids (2003—-2007) erates about 1,000 ILSs and 26 MLSs. DOD oper-

« Step 4: Completion of Phase-Down of Ground‘?tes 180 ILSs and precision approach radars.

Based Navaid&008-2015). DOD operates the GPS satellite constellation.
L . . GPS provides worldwide, all-weather, 3-dimen-
15.1.1_NaV|gat|on and Landing Architecture sional position, velocity, and time data to a variety
Evolution—Step 1 (Current-1999) of civilian and military users. GPS is approved for
Figure 15-1 illustrates the current navigation aren route navigation and nonprecision approaches,
chitecture. The VOR/DME network provides usprovided that another system (VOR/DME, NDB,
ers with a primary means of navigation for ewr TACAN) is carried onboard. Certain GPS re-
route flight and nonprecision approaches. Theeivers are approved for navigation in oceanic
network consists of more than 1,000 VOR, VOR4Nd remote airspace; no other navigation systems
DME, or VORTAC (VOR co-located with are required onboard.

3. While some surveillance systems will evolve to make use of the GPS signals, surveillance radars will not be dependent on GPS
(see Section 16, Surveillance).
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The FAA operates and maintains approximately Loran-C: Can be used for en route naviga-
1,000 approach lighting systems. They consist of tion, provided another system (VOR/DME,
a configuration of lights starting at the landing NDB, or TACAN) is carried onboard. Current
threshold and extending into the approach area. Loran-C avionics do not support instrument
Some systems include sequenced flashing lights approach operations.

that appear to the pilot as a ball of light traveling

toward the runway at high speed. Inertial SystemsAre self-contained systems

used in many military and transport aircraft
A variety of approach lighting system configura- for oceanic and domestic en route navigation.
tions exist. The most common are the medium-in- \» . provides a limited number of CAT |

tensity approach lighting systems with runway precision approaches and some nonprecision

alignment indicator lights (MALSR) to support . :
CAT | precision approaches and the high-intensity instrument approach operations.

approach lighting system with sequenced flashingonfederal organizations (i.e., airport authorities,
lights (ALSF-2) to support CAT Il and CAT Il states, airline operators, etc.) fund and operate ap-
precision approaches. proximately 1,500 Navaids at locations that do

o not qualify for federal funding due to insufficient
The FAA also operates and maintains approXraffic. These organizations maintain and operate

mately 1,700 visual glide slope indicators. Thesge Navaids, and the FAA inspects and verifies
consist of 1,350 visual approach slope indicatoggeir safe operation under the nonfederal program.
(VASIs) and 350 precision approach path indicarne nonfederal Navaids include approximately:
tors (PAPIs). Visual glide slope indicators providegq ILSs, 1,000 NDBs, 60 VORSs, 100 DMEs, 10

visual reference to pilots as they approach thg| ss and 50 to 100 lighting aids of various
runway for landing. Currently, the FAA is replac+ pes.

ing the VASIs with PAPIs because PAPIs conform

to International Civil Aviation Organization 15.1.2 Navigation and Landing Architecture
(ICAO) international standards while VASIs doEvolution (Implementation of WAAS)—Step 2
not. (2000-2002)

Depending on their operational needs and finadkhe implementation of satellite navigation will
cial constraints, users choose to equip their aifelp the NAS to meet increasing aviation traffic

craft with a variety of avionics for navigating inand will allow a reduction in the number of
the NAS. These include: ground-based Navaids. The GPS signal must be

augmented to ensure accuracy, integrity, continu-
+ GPS: Provides navigation in oceanic and reity, and availability (see Figure 15-2). WAAS will
mote airspace. It can be used for en route nagtigment the GPS signal for en route and terminal
igation and nonprecision approaches ipavigation and instrument approaches. GPS, aug-
domestic airspace, provided another systemented by WAAS, will provide instrument ap-
(VOR/DME, NDB, or TACAN) is carried on- proaches to CAT | minima at most runway ends in

board. the NAS (where obstacle clearance, runway,
*  VOR/DME:Provides navigation guidance for
en route navigation and nonprecision aj s WARS
proaches (TACAN for DOD). \ / (GEOSAT
* ILS: Provides navigation guidance for CAT I/
II/11I precision approaches. /
e Automatic Direction Finder (ADF)Provides WAAS
direction to an NDB ground transmitter. On¢ G,(I%‘\J/ri‘d'sased Ground
. L2 gation System
use is for a nonprecision instrument approac Systems
based on tracking to or from the beacon, with
out an electronic glideslope. Figure 15-2. GPS Augmented by WAAS
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NATIONAL AIRSPACE SYSTEM

lighting, and signage requirements are met). B&rocedural or operational restrictions may affect
cause WAAS can provide precision approaches &pproach availability.

new runways, to CAT | minima if required, the . . i
need for new ILS CAT | approach equipment wilP€CiSions on approach minima will need to be
nade at some locations where %2-mile visibility is

be eliminated. In addition to added instrument a
6n thus avoiding the high cost of in-

proaches, users will benefit from increased ard¥pt Necessary, avol _ _
navigation and more direct routing. strument approach lighting systems. During this
initial phase, pilots who need to plan for an IFR

WAAS consists of master stations and preciseliternate airport may need to rely on visual ap-
surveyed reference stations interconnected bypaoach procedures or on Navaids, such as ILS,
terrestrial communications infrastructure. ComvOR/DME, or NDB, similar to operations today.
munications from the ground master stations afkhe initial WAAS precision approach coverage
broadcast to aircraft via WAAS geostationary satrea will be limited, depending on the location of
ellites (see Figure 15-3). WAAS reference stations and the coverage of

: . WAAS satellites. The coverage volume will grad-
To improve GPS accuracy, WAAS geostatlonarxa”y increase as data are collected to substantiate

satelllte_:s (GEO_SATS) W|II_ broadcast dlﬂ‘_erentlal_GPS/WAAS ionospheric performance.
corrections for ionospheric delay, satellite posi-
tion, and satellite clock errors. The reference stan interim phase will provide additional master
tions monitor the GPS and WAAS signals to erand reference stations to improve WAAS cover-
sure system integrity and report any anomalies e, performance, and real-time availability. Au-
the master station. GEOSATs broadcast statustiémated notice to airmen (NOTAM) service with
the aircraft avionics. Availability is improved be-predictive capabilities will become available.

cause WAAS geostationary satellites appear to the
avionics as additional GPS satellites. Instrument approach procedures based on GPS/

_ _ _ _ WAAS will be published by WAAS IOC. Subse-
WAAS will be implemented in phasesith oper- quently, 500 procedures will be published each
ational capability improving at each phase. Thgear until requirements are met. In addition, 500

|n|t|aI phase, WhICh consists of 25 referen_ce St@PS nonprecision approach procedures will be
tions, 2 master stations, and GEOSAT uplink stafeveloped annually.

tions, has been installed. It is in the process of be-

ing networked and tested to provide an initial opt5.1.3 Navigation and Landing Architecture
erating capability (IOC) for flight operations in Evolution (Completion of WAAS, Implementa-
2000. The 10C will provide signals for domestiction of LAAS, Start Phase-Down of Ground-
en route navigation and nonprecision and predBased Navaids)—Step 3 (2003—2007)

sion instrument approaches with operational r

strictions within a limited WAAS coverage area. ?n its final phase, WAAS will achieve full operat-

ing capability (FOC) by the addition of ground
During this phase, WAAS-equipped aircraft willmonitoring and control stations and geosatellites.
be able to fly instrument flight rules (IFR) withoutHardware installed earlier in the program will be
having other navigation avionics aboard (e.gupgraded. WAAS will then provide performance
VOR/DME or NDB). However, procedural or op-equivalent to ILS CAT | with a level of service
erational restrictions may affect the availability ofhat is sufficient to replace existing VOR/DME
GPS/WAAS approaches in some areas of trand NDB facilities and most CAT | ILS facilities.
country. Flights in these areas will need to rely oAlso at FOC, the interim procedural and opera-
existing procedures and VOR/DME or NDB. tional restrictions imposed at IOC will be re-

d.
The initial phase of WAAS will provide CAT I move

precision approach capability within a limitedTo provide additional precision approaches,
coverage area. However, the precision approat®AS will be installed to augment GPS in this
minima initially authorized may be somewhattep. LAAS will augment GPS at a planned 112
higher than current CAT | ILS minima while bothairports in the NAS to provide CAT Il/lll preci-
the FAA and aircraft operators gain experiencaion approaches (see Figure 15-4).
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NATIONAL AIRSPACE SYSTEM

in the NAS, refer to Section 16, Surveillance;
GPS Section 18, Avionics; Section 23, Terminal; and
\ Section 24, Tower and Airport Surface.

‘4 The FAAs plans for the transition to SAT NAV
o= technology and for the phaseout of ground-based

/ Navaids will be periodically reevaluated. An
LAAS * FAA-funded risk assessment study is being con-
Ground ILS ducted to determine whether satellite navigation
System MLS technology can serve as an only means of radion-
avigation in the NAS. Assessment results are ex-

Figure 15-4. GPS Augmented by LAAS pected in early 1999. If it is determined that GPS/

WAAS/LAAS cannot satisfy the performance re-
quirements to be the only navigation system in-

LAAS will also provide CAT | precision aP- stalled in an aircraft or provided by the FAA, then
proaches at a planned 31 airports that are eltt]Fr

: . may be necessary to maintain a reduced net-
o_u_t3|de of WAAS coverage (17) or hav_e_ high Aork of ground-based Navaids beyond 2010 to
tivity that requires a higher availability than

WAAS can support (14). LAAS capability doesSUpport satellite navigation.

not require WAAS, and its implementation schedAs soon as circumstances permit, the FAA plans
ule is mde_pendent_ of the WAAS program. Theo begin reducing the number of ground-based
LAAS architecture is shown in Figure 15-5. Navaids in a two-step phase-down. Criteria for

. I : ._identifying the Navaids to be shut down will be
Suitable approach lighting systems will be in- ublished well ahead of the first step.

stalled to support additional precision instrumertt
approach procedures enabled by LAAS. Prior to starting the first step of phase-down, the

. Lo - . FAA, in conjunction with users, expects to deter-
A LAAS installation is anticipated to consist o_f %nine whether the phase-down schedule should be
. ; djusted. Preliminary analysis indicates that ap-
GPS receivers, a VHF link, and one or mor .
pseudolite$ to increase availability. The LAAS proximately 350 VORs and 300 ILSs would be

ground station will calculate differential accuracfhUt down in the first step, leaving sufficient

corrections based on the station’s location and (%ound-based Navaids to enable users who are not

measurements taken from each GPS satellite.elgmpped with satellite-based avionics to continue
will then broadcast the corrections on VHF radi'Eo fly in the NAS.

o_navigation freque_ncies, tpggther Wi.th an ir"[691'5.1.4 Navigation and Landing Architecture
rity message, to aircraft within a radius of 20 &\ olution (Completion of the Phase-Down of

30 nmi from the airport. LAAS is expected to beGround-Based Navaids)—Step 4 (2008—-2015)
significantly more affordable to install, operate,

and maintain than ILS. One LAAS will allow Completion of the first step of the ground Navaid

CAT Il/ll precision approaches at all runwayphase-down is expected in 2008. A second step,
ends at an airport, topology and lighting equipslated for 2009 to 2010, would shut down approx-
ment permitting. This is a savings compared tonately 100 VORs, 250 ILSs, and 470 NDBs.

ILS technology, which requires each runway en

to have an ILS. ghe remaining Navaids (approximately 600

VOR/DMEs, 500 ILSs, and 280 NDBs) would be
LAAS is expected to support ground operationsufficient to support en route navigation and in-
such as runway incursion avoidance and airpostrument operations at the busier airports in the
surface navigation and surveillance. For addNAS (about 2,400) should there be a disruption in
tional information about how LAAS will be used GPS/WAAS service.

4. A pseudolite is a ground-based transmitter of GPS-like signals that are used for ranging. The number and placement of pseudo-
lites will depend on the topology of each site.
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Because precision landing services will eventiwould not improve NAS operations, whereas
ally depend primarily on the use of GPS signa®/AAS and LAAS support direct routes and en-
augmented by WAAS and LAAS differential cor-able more flexible use of airspace.

rection signals, it is clear that these systems neégt llite-based deploved and
to be protected from harmful interference. The'ter satellite-based systems are deployed an

FAAS is currently working with DOD to develop certified, and before other Navaid systems can be
safety and system security countermeasures frased cl)@t(see Figure 15—6),bthe following three
satellite-based navigation and landing systems ggSential prerequisites must be met:

prevent or mltlgate interference such as jammingystem Performance. New technology must
Integrity of the satellite-based system will beneet service requirements. This will be deter-

assured prior to phasing out ground-basefined through analyses, flight tests, and opera-
Navaids. New GPS satellites with a second Civ{lonal experience.

frequency capability will be launched during this

period to replace all the current GPS satellite§perational/Economic Benefits.There must be
The addition of the second civil frequency wilisufficient operational and economic incentive be-
mitigate the effects of unintentional jamming andiore users will invest in satellite-compatible avi-
could also provide increased accuracy by meaf8ics. Economic benefits include using a WAAS

of the direct measurement of ionospheric delay Bf & WAAS/LAAS receiver in lieu of multiple
aircraft dual-frequency avionics. avionics, fuel savings from user-preferred routes,

and direct routes in high-density areas. Opera-
Ground-based systems are expensive to procuf@nal benefits include instrument approaches at
inSta”, and maintain. Current NAS planning in'new airports and runway ends and enhanced effi-
cludes sufficient funding to maintain the Navaitiency because of additional approaches. GPS
infrastructure in accordance with near-term aviayith WAAS augmentation can provide vertical
tion growth and with the navigation and landingyuidance for all future instrument approach pro-
architecture described herein (i.e., with a Navaiébdures_greaﬂy increasing flight safety. In the
phase-down). past, pilots readily accepted and began using sat-

However, if users do not convert to GPS-basdlite-based navigation soon after it was certified

avionics, and if plans to phase out ground-bas«?& a supp!emgnta_l means of navigation. .Add!'
Navaids are not realized, then Navaidaching ional user implications and costs are described in

the end of their service life will need to be re—SeCtlon 18, Avionics.

placed. Transition Period. The transition period begins

Currently, it costs the FAA $170M annually to Op_WIth the initial operational availability of GPS/

erate the ground-based system. Replacing the

ground-based systems would require an estimat

$2.61B investmerft.Additionally, if users do not GPS / (e
convert to GPS-based avionics, more grount

based Navaids will be needed over time to su

port aviation growth. For example, more than 20 /Y R

airport authorities have requested, and are eligit

for, new ILS installationg.

LAAS WAAS
. . . . Ground Ground
Substantial investment would be required to ir System System

stall or replace Navaids designed to support
1950’s operational concept. Such an investmemtigure 15-6. Ground-Based Navaids Phased Out

The FAA integrated product team and the NAS Information Security Program.

FAA cost estimate.

Reference: Mission Need Statement 120, Establishment of ILS and Associated Aids, paragraph 9(b)(2), 2 Feb 1993.

Under current law, ground-based Navaids can be transferred to nonfederal sponsors who can continue to operate them. How-
ever, the FAA needs to recover valuable VHF spectrum to use for other safety-critical services.

© No g
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WAAS and associated avionics in 2000. Usersrage area; however, some additional procedural
must have time to recoup their investment in cuor operational restrictions may be necessary. Sub-
rent avionics, and the FAA must have time to desequent phases will incorporate additional ground
velop and publish instrument approach procdrardware, software upgrades, geosatellites, and
dures for use with the new technology. A reasommproved operational control until WAAS FOC is
able compromise must be reached between thehieved. WAAS will then satisfy requirements
FAA's desire for a rapid transition and the aircraftor using GPS for departure, en route, and termi-
operator’s desire to use current equipment as longl area navigation and for CAT | precision ap-
as possible. proaches. The operational and procedural restric-

. tions initially imposed will not be necessary.
15.2 Summary of Capabilities

The existing ground-based navigation and Iandirlr%ﬁASb.'l.s expe((:jte((jll fto also _prow_de tTe aI]Ic-weathe_r
capabilities will evolve to a satellite-based syste pability needed for precise airport surface navi-

using GPS and related augmentation systems (%io_n_. A single LAAS Wi.”. provide CAT 11/l
Figure 15-7). GPS/WAAS will become the pri—'o.reCISIon approach (;z_;\pablllty to all runways at an
mary means for en route and terminal navigatio rport. LAAS capability and deployment is inde-

and will provide CAT | approach capability to air-pendent Of WAAS.
ports_._GPS/LAAS will provide CAT_ Il and Il %5_3 Human Eactors
precision approaches to selected airports. LAA

will also provide CAT | approaches to airportdJntil now, only a relatively few users, equipped

outside WAAS coverage and to a few high-actiwith flight management computer systems or Lo-
ity airports. As WAAS/LAAS coverage extendsran-C, had a flexible, point-to-point navigational

throughout the NAS, the ground-based navigatiogapability. In the immediate future, however, any
and landing systems will be phased down, leavirgjrcraft equipped with GPS or WAAS avionics

sufficient Navaids to support principal air routegvill have the capability to navigate directly be-

and instrument approaches at high-activity aifween any two points, independent of Navaids or
ports, should there be a GPS/WAAS service outraditional published routes.

age.

|_
<
o

Pilots seeking to take full advantage of this direct
In its initial phase, WAAS will provide a func- routing capability pose a significant challenge to
tional verification system for developing test andhe air traffic control (ATC) system and to con-
evaluation procedures and conducting WAA®ollers, who are tasked with ensuring safe separa-
system-level testing and operational testing. Dution between aircraft while facilitating efficient
ing this time, GPS can be used for en route nauraffic flow. New procedures, automation tools,
gation and precision approaches in a limited coand training will be necessary to help controllers

Space-based en route navigation

Space-based CAT | precision approaches
to selected airports and limited navigation en route

Expanded space-based CAT | precision approaches
and en route navigation with fewer operational restrictions

NAS-wide space-based en route navigation and
additional CAT | approaches without operational restrictions

Phase-
Down
Navaids

GPS
Avionics

LAAS
CAT i

Implement phase-down_strategy 350 VORs and 300 ILSs shutdown

Implement phase-down_strateqy 100 VORs, 250 ILSs, and 470 NDBs shutdown

Figure 15-7. Navigation and Landing Capabilities Summary
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and pilots manage these capabilities safely and ef- Ground-based Navaids phase-down strategy.

ficiently.
15.5 Costs

New cockpit displays, including moving maps, . . :
o o : he FAA estimates for research, engineering, and
and cockpit display of traffic information (CDTI), evelopment (R,E&D); facilities ang equipr%ent

are either available or in development. Tradition , ) )
fixes used by controllers and pilots will be ref( &E); and operations (OPS) life-cycle costs for

it : navigation, landing, and lighting systems archi-
placed by p”c.)t dc_eflned waypoints. The_georefertecture from 1998 through 2015 are presented in
ences for navigation and surveillance will Changec‘onstant EY98 dollars in Eiqure 15-9
Additionally, new GPS-based instrument ap- 9 '
proach procedures are being developed. The Safg g Watch ltems

Flight 21 Program is intended to provide trTel'he evolution of the navigation architecture de-

means for developing and/or testing the equ'%‘;nds on policy decisions, regulations, equipment

gnuiggfﬁgguggg %n?eg:azep'{ﬁ;izﬁ ggggﬁt”se;fpgg rtification, standards development, and perfor-
ance factors. These include:

WAAS and LAAS.

N * Availability of GEOSATs (Additional satel-
15.4 Transition lites are needed for WAAS to achieve its full
The navigation and landing transition schedule is operational capability. A study will evaluate
shown in Figure 15-8. Specific activities associ- the options available for providing the addi-
ated with the navigation and landing architecture tional satellites. Funding to lease the addi-
are: tional satellite capability is programmed to

» Safe Flight 21 Program demonstration of pro- begin in FY02 or 03)
totype LAAS at demonstration sites e Studies on redundant Navaids (The FAA is

. . studying what redundant navigational capa-
GPS/WAAS backup analysis bility may be required in the event of a GPS

*  WAAS deployment (IOC/FOC) outage.)
* LAAS deployment » Certified, affordable avionics
(@' 93 99(00|01/02|03|04| 05| 06| 07| 08| 09| 10 4
NAS Modernization Phases Phase 1 Phase 2 Phase 3
Transition Steps Step1 Step2 Step3 Step 4

Ground- Redundant Capability 50%

Navaids VOR, VORTAC, TACAN, NDB, LORAN-C

GPSWALS GPSIWAAS

Precision ILSIDME - CAT |

Approach Redundant Capability

Naveids Redundant Capability 50%
ILS/DME - CAT II/Il
GPSILAAS e
Approach Lighting
Approach Lighting

Figure 15-8. Navigation and Landing Transition
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Figure 15-9. Estimated Navigation Costs
» Policies on carrying redundant equipage — Reuse of frequency spectrum presently

b . dedicated to navigation for other aeronauti-
L] .

rogrammatic issues cal services
— WAAS performance — Continuation or shutdown of nonfederal
Navaids

LAAS/WAAS schedule

— Rate and willingness of users to equip with
Development of LAAS standards WAAS/LAAS avionics

|_
<
o

Second civil frequency

International interoperability:

* Policy issues: — International agreements and standards for
satellite-based systems to ensure global in-

— Notice of proposed rulemaking for airspace teroperability

minimum avionics equipage and required
navigation performance — Operational procedures.

9. The United States leads or actively participates on several ICAO Air Navigation Commission (ANC) panels. Panel members
develop international standards, which are approved by the Council, ICAO’s governing body. It is essential to NAS architecture
development to fully incorporate these international standards. Within the navigation area, recent standardizing efforts includ
work on: airspace planning methodology for determining separation minima by the Review of the General Concept of Separa-
tion Panel (RGCSP); standards and recommended practices (SARPs) development by the All Weather Operations Panel
(AWOP); and long-term requirements and SARPs developed by the Global Navigation Satellite System Panel (GNSSP).
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