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IMPLEMENTATION OF
INDIAN SATELLITE BASED AUGUMENTATION SYSTEM
GPS AIDED GEO AUGMENTED NAVIGATION (GAGAN) SYSTEM

1. SATELLITE -BASED AUGMENTATION SYSTEMS (SBAS)

1.1 A satellitebased augmentation system (SBAS) augments core satellite constellations
by providing integrity and correction information via geostationary satellites. The
system comprises a network of ground reference stations that observe sajatii® si
and master stations that process observed data and generate SBAS messages for uplir

to the geostationary satellites, which broadcast the SBAS messages to the users.

1.2 Key to providing accurate and high integrity approach capability with SBAS
correcton for the signal delay caused by the ionosphere. This requires a relatively dense
network of reference stations to measure ionospheric characteristics and provide

information to the SBAS Master Station.

2 GPS AIDED GEO AUGMENTED NAVIGATION (GAGAN) S YSTEM

2.1  Airports Authority of India (AAl) in collaboration withIndian Space Research
Organisation ISRO) has developedhe Indian SBAS called GPS Aided GE
Augmented Navigation (GAGAN) yStem to improve the accuracy, integrity and
availability of GPS sigrnia. GAGAN will allow use of GPS aghe aviation navigation
system, from takeff through near Category | precision approach whernsit
operational. GAGAN is a critical component of the AAl's stratgdgn to establish a

seamless satellite navigation s for civil aviatiorfor enhancingapacity and safety.
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2.2

2.3

2.4

2.5

2.6

The International Civil Aviation Organization (ICAO) has defined Standards and
Recommended Practices (SARPSs) for satefiieed augmeniah systems (SBAS)
SBAS, such as the e AreaAugmentatiorSystem ofUSA (WAAS), the European
Geostationary Navigation Overlggystem (EGNOBand MultifunctionalTransport
Satellite (MTSAT) Satellitebased Augmentation SysteMSAS) of Japanare
operational and are providing various levels of SBAS iservihese systems are
interoperable with each other. The Indian SBAS (GAGAN), when operational will also
be compliant to all the provisions of ICAO SARPS and has been planned to be
interoperable with other SBAS. Ti@eroperability amonghese systems Wicreate a
worldwide seamless navigation capabijlgymilar to GPS but with greater accuracy,

availability andintegrity

Unlike conventionalgroundbased navigation aidsyith line-of-sight operation as a
limiting factor, GAGAN will cover alargersenice aea.Signals from the GPS satellites

are monitored byidely spread network of Indian Reference Stations (INRES)
determine satellite clock and ephemeris corrections and to model the propagation
effects of the ionosphere. Each station in the ndtnelays theobservediata to Indian
Master ControlCentres(INMCC) where the correction informatioand integrity
boundsarecomputedA correction message is prepared and uplinked to a geostationary
satellite (GEO) via Indian Land Uplink t&ions (INLUS). The message is then
broadcast on the same frequency as GPS (L1, 1575.42 MBB}8receivers within

the coveragarea of the GAGAN GEO.

The integrity of GPS is improved through réiahe monitoring, and the accuracy is
improved by providing dferential corrections to reduce errors. The performance
improvement is sufficient to enabl&pproachProcedures withVertical guidance
(APV).

GNSS navigation, including GPS and GAGAN, is referenced to the BAGS
coordinate system. It would gnlbe used where the Aeronautical Information

Publications (including electronic data and aeronautical charts) conform tc84GS

system.

GAGAN Certification activitiesor RNP 0.lare in progres$2ostcertification separate

notification shall be maden availability and coverage &fAGAN services.
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SBAS(GAGAN) STANDARD CONDITIONS

Departure:

All classes of SBAS avionics may be used to fly existing GNSS RNAV departure
procedures. Display scaling and mode transitions are equivaBasio GNSS. SBAS
meets or exceeds Basic GNSS accuractegrity, and availabilityand continuity

requirements for Basic GNSS departure.

Departure Procedure:

The entire departure procedure shall be seldoved onboard databas&lanualentry

of the departure procedure is not authorized. When integrity requirements cannot be
met to support the SBAS departure operation, the SBAS receiver will annunciate the

procedure is not available.

Arrival
Performance requirements for SBAStire arrival phase are the same as for Basic
GNSS.

INSTRUMENT APPROACH CAPABILITIES

A new class of approach procedures which prasaeetical guidance, but which de

not meet thd®GCA CAR, Sectior9 Air Space and Air Traffic Management, Seiis

Parti I, Issuei Il requirements for precision approaches has been developed to support
satellite navigation use for aviation applications worldwide. These procedures called
Approad with Vertical Guidance (APMhclude approaches such as the LNAV/VNAV
procedures which are flown wiBarometricVerticalNavigation (BareVNAV). These
approaches provide vertical guidance, but do not meet the more stringent standards of
a precision approactCertified SBASreceiverswill be able to fly these LNAV/VNAV
procedures using a GAGAN electronic glide path, which eliminsweseerrors that
can be introduced by using Barometric altimesych as temperature

A new type of APV approach procedure, in addition to LNAVAAN titled LPV
(Localizer Performance with Vertical guidaneég)l be implemented to take advantage

of the high accuracy guidance and increased integrity provided by GAGAN. This
GAGAN generated angular guidance allows the use of the same ICAO apgpesgoh
criteria used for ILS approaches. The resultuRy approach procedure minima may
have a decision altitude as low as 250 feet height above threshold with visibility
minimums as low as applicable for ILS, when the terrain and airport infrastructure
suppat the lower minima. LPV minima will be published on the RNAV (GNSS)

approach charts.




4.3

4.4

4.5

4.6

5.1

When equipped with appropriate avioniG®AGAN will provide a level of service that
supports all phases of flight, including RNAV (GNSS) approaches to LNAV,
LNAV/VN AV and LPV lines of minima withinhe definedGAGAN service volume.
Some locations close to the edge of the coverage may have a lower availability of

approacheserticalguidance.

SBASaccuracy:
SBAS avionics accurately calculate position, @am$ure integrity in the calculated

position for a given approach operation type.

Integrity:

The necessary level of integrity for each of these approach types is established by
specific horizontal and vertical alert limits called HAL and VAL. Thégdts are
analogous to the monitoring limits for ILS. These alert limits form the region of
maximum error that shall be satisfied to meet the integrity requirements for a given

approach type.

SBAS avionics ensure integrity in the calculated posiiora given approach type, by
continuously calculating the horizontal and vertical protection level estimates (HPL and
VPL) and comparing the calculated values with HAL and VAL respectively. When
either HPL or VPL exceeds the specific alert limits, HALV@L, for a specific type

of approach operation, the pilot is alerted to suspend the current operation. The pilot

only receives the alert and is not required to monitor VPL or HPL
SBAS PROCEDURE DESIGN CONSIDERATIONS

SBAS operations are basedtbe following design criteria:
a) LNAV: Basic GNSS criteria;

b) LNAV/VNAV: Baro-VNAV criteria; and

C) APV: Specific APV criteria

Note: Published temperature restrictions for barome#idAV procedures do not apply to

SBAS approach operations.

6.

6.1

6.1.1

GENERAL REQUIREMENTS FOR SBAS (GAGAN) OPERATIONS
AVIONICS FUNCTIONALITY

SBAS avionics equipment classification and capabilities

There are four separate SBAS avionics equipment classes. The different equipment
classes provide for different performance capabilities. fi@mum performance
capability exists with Class | equipment. This equipment suppo+tsiga, terminal
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and LNAV gproach operations. Class Il SBAS equiptrserpports Class | capabilities
and LNAV/VNAYV approach operations. Class Il and IV equipment support Class Il
SBAS equipment capabilities plus LPV approach operations.

6.1.2 The avionicswill be certified in acordance with Technical Standard Order (TSO)
TSO-C145A, Airborne Navigation Sensors Using the (GPS) Augmentesiabsilite
Based Augmentation Systenor TSQ146A, StandAlone Airborne Navigation
Equipment Using the Global Positioning System (GPS) Augmdnyetihe Satellite
Based Augmentation Systeandinstalled in accordance with FAA Advisory Circular
(AC) 20-130A, Airworthiness Approval of Navigation or Flight Management Systems
Integrating Multiple Navigation Sensors, or AC-288C Airworthiness Approvabf
Global Positioning System (GPS) Navigation Equipment for Use as a VFR and IFR
Navigation System.

NOTE: The term APV refersto a performancdevelof GNSS approach and landing
operations with vertical guidance, arlis termis not intended to be usexhd these
terms are not necessarily intended to be used operatioRaltycharting of the minima

lines,the term LPV is applied to align with SBAS avionics annunciation requirements
6.1.3 SBASAvionics Annunciation Requirements

6.1.3.1The avionics are required to annunciate the most accurate level of service supported by
the combination of the SBAS signal, the receiver, and the selected approach, using the
naming conventions on the minima lines of the selected approach precéthis
annunciation is the function of:
a) Avionics capability associated with the SBAS equipment capability;
b) SBAS signalin-space performance accomplished through the comparison of

VPL andHPL with the procedure required VAL and HAL; and

C) Publishedorocedure availability that is identified in the database.

6.2 GPS/GAGAN operation must be conducted in accordance witlapipeoved aircraft
flight manual (AFM) and flight manual supplements. Flight manual supplements will
state the level of approagnocedure that the receiver suppolERR approvedSBAS
receiversalso support all GPS only operations as long as lateral capability at the
appropriate level is functional. GAGAN monitors both GPS @4 #GAN satellites

and provides integritglerting

6.3 GPS/GAGAN equipment is inherently capable of supporting oceanic and remote
operations if the operator obtains a fault detection and exclusion (FDE) prediction

program.
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6.4  Air carrier and commercial operators must meet the appropriate provisions of their

approved operations specifications.

6.5 Prior to GNSS/GAGAN IFR operation, the pilot must review appropriate Notices to
Airmen (NOTAMSs) and aeronautical information. AAl will provide NOTAMs to
advise pilots of the status of the GAGAN and level of serviedae.

a) Areawide GAGAN UNAVAILABLE NOTAMs indicate loss or malfunction
of theGAGAN system. In flight, pilots who request a RNAV (GN$$proach
will be advised bir Traffic Control, of GAGAN UNAVAILABLE NOTAMs
if not contained in the ATIS broadcasiince theGNSSEBAS receiver will
revert to a GNSS receiver in this instance, GN&Sed approaches may still be

conducted if the receiver indicates that service is available.

NOTE: Area wide GAGAN UNAVAILABLE NOTAMs apply to all airports in the
GAGAN UNAVAILABLE area designated in the NOTAM, including approaches.

6.6 SBAS Receivershave been developed to be used within SBAS GEO coverage
(GAGAN or other interoperable system) withdbe need for other radio navigation
equipment appropriate to the route of flight to be flown. Outsid&H@AN coverage
or in the event of a GAGAN failure, GNSS/GAGAN equipment reverts to GG

operation and satisfies the requirements for basic @Ripraent.
7 FLYING PROCEDURES WITH GAGAN

7.1  Onboard SBAS receiverssupport all basic GNSS approach functions and provide
additional capabilities. One of the major improvements is the abiliggterate glide
path guidancandependent of ground equipment or barometric aiding. This eliminates
several problems such as hot and cold temperature effects, incorrect altimeter setting of
lack of a local altimeter source. It also allows approach procedures to be built without
the cest of installing ground stations at each airport or runBayne approach certified
receivers may only generate a glide path with performance similar teVB&&y and
are only approved to fly the LNAV/VNAV line of minima on the RNAV (GNSS)
approach chart®Receivers with additional capability (includif8BAS, faster update
rates and smaller integrity limits) are approved to fly the LPV line of minima. The
lateral integrity changes dramatically from the 0.3 NM (556 rgetenit for GNSS
LNAV and LNAV/VNAV approach mode, to 40 meters for LAY also provides
vertical integrity monitoring, which bounds the vertical error to 50 meters for
LNAV/VNAV and LPVs with minima of 250-T or above.
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1.2

7.2.1

Note:

71.2.2

Note:

7.3

7.3.1
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APPROACH PROCEDURE

When an approach proceduresé&ected and active, the receiver will notify the pilot of
the most accurate level of service supported by the combination of the GAGAN signal,
the receiver, and the selected approach, using the naming conventions on the minima
lines of the selected appiaprocedure. For example, if an approach is published with
LPV minima and the receiver is only certified for LNAV/VNAYV, the equipment would
indicate ALNAV/VNAV available, 0 even t
LPV. If flying an existing LNAV/VNAYV pracedure with no LPV minimehereceiver

wi || notify the pilot ALNAV/VNAV avail a
and the signal supports LPV. If the signal does not support vertical guidance on

procedures with LPV and/or LNAV/VNAYV minima, tmeceiver annunciation will read

N O |

bl

ALNAV available.d On | ateral only procé¢dtdr

indi clA¥ d@d@vail abled. Once the |l evel of
receiver will operate in this mode for the durationtod fpproach procedure, unless
that level of service becomes unavailable. The receiver cannot change back to a more

accurate level of service until the next time an approach is activated.
Modeselectiors may be different in some receivers

Another additional feature &BASreceivers is the ability to exclude a bad GPS signal
and continue operating normally. This is normally accomplished by the GAGAN
correction information. Outside GAGAN coverage or when GAGAN is not available,
it is accompkhed through a receiver algorithm called FDE. In most cases this operation
will be invisible to the pilot since the receiver will continue to operate with other
available satellites after excluding the "bad" signal. This capability inethse

reliability of navigation.
FDE is also installed in many NonSBAS receivers.
MISSED APPROACH

General

SBAS provides guidance in the missed approach segment. Activation of missed
approach guidance generally occurs during a high pilot workjmatd. SBAS
avionics standards, described in RTCA DZ29D have significantly improved the
pilot/avionics interface for activating missed apgeh guidance, when compared to
basic GNSS avionics standards. SBAS avionics minimum operating performance
requirements specify much more standardization in the pilot/avionics interface than was

present in the specifications for basic GNSS avionics. Because of this standardization,

S €




and other SBAS avionics missed approach requirements, pilots will be able to more

efficiently and easily initiate the sequencing to the missed approach segment.

7.3.2 With SBAS avionics, missed approaches may be initiated under four different

7.4

conditions. The conditions are:

a) the pilot initiates the missed approach sequence praoritong at the landing
threshold point/fictitious threshold point (LTP/FTP);

b) the pilot initiates the missed approach sequence after the LTP/FTP but prior to
the departure end of runway (DER);

C) The pilot does not initiate missed approach sequencing prioeaching the
DER. In this case, the avionics will automatically initiate the missed approach;
and

d) Thepilot cancels the approach mode prior to the LTP/FTP.

Publication and minima line description for APV:

The charted minima lines associated VBBAS AP\4l performance levels are labelled
ALPVO (l ocalizer performance with vert.i
existing SBAS avionics standard annunciations and indicates that the lateral

performance is equivalent to an ILS localizeetal performance.

NOTE: The term APM refers to a performance level of GNSS approach and landing

operations with vertical guidance, andghermis not intended to be useohd these terms are

not necessarily intended to be used operation&dy. charting of the minima lineshe term

LPV is applied to align with SBAS avionics annunciation requirements

8.

8.1

8.2

PROMULGATION OF SBAS APPROACH INFORMATION

General.The following items relate specifically to charting of SBAS procedures:

a) proceduradentification of SBAS procedures;

b) charting of SBAS minima lines;

C) charting of an SBAS channel number;

d) charting of the SBAS approach ID; and

e) Non-applicability of the temperature restriction on charted LNAV/Barometric
VNAYV procedures for SBAS LNAV/VNAYV operations.

Procedurel dentification:

SBAS procedures are RNAV procedures and shall be identified as follows:

RNAV (GNSS) RWY XX.
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8.3

8.4

8.5

8.6

8.7

9.1

Charting of SBAS Minima Lines
Minima lines associated with SBAS AP\pérformance as defined DGCA CAR,
Section9 Air Space and Air Traffic Management, Setiz<arti Il, Issueill , are

charted as LPV (Localizer performance with vertical guidance).

Charting of an SBAS Channel Number:

SBAS APV procedures can be selected through the use of a channel number. This five
digit number is included in the final approach segment (FAS) data block in the
procedure database and shall be charted. Alternatively, the procedure salected
through the use of a metniven selection process.

Charting of the SBASApproach ID:

The FAS data block also includes an SBAS approach ID. This ID consists of four
alphanumeric characters (e.g. S24A). This would imply an SBAS®1&edure to
runway 24 (24) and it is the first (A) SBAS procedure to this runway. Charting of the

approach ID is the equivalent of charting the identity of a conventional navigation aid.

Non-applicability of the charted temperature restriction for SBAS LNAV/VNAV
procedures
Charted barometric VNAV temperature restrictions do not apply when vertical

guidance is provided by SBAS.

Promulgation of information concerning SBAS NOTAM service The information
that has to be promulgated to thaot is the identification of the level of SBAS
NOTAM service that is provided in specific locatiodgAl is responsible to identify
the level of SBAS NOTAM service that is available.

OPERATIONAL BENEFITS OF GAGAN

SBAS avionics enable aircraftavigaton during all phases of flight, from talodf
through vertically guided approaches and guided missed approd@@BAS avionics

with an appropriate airworthiness approval can enable aircraft to fly to the LPV,
LNAV/VNAV, and LNAYV lines of minima on RNAVGNSS approachesOne of the
major improvements GAGAN provides is the ability to generate vertical guidance
independent of ground equipmerifemperature and pressure extremes do not affect
GAGAN vertical guidancé unlike where bard/NAV is used to fly toLNAV/VNAV

line of minima However, like most other navigation servicB®\GAN too hasservice
volume limits Some airports on the fringe of GAGAN coverage may experience
reduced availability of GAGAN vertical guidanc&Vhen a pilot selects an approach

procedure, SBAS avionics display the best level of service supported by the

Airports Authority of India AIP Supplement 48/2013 Page 9 of 22




9.2

combination of the GAGAN signah-space, the aircraft avionics, and the selected
RNAYV (GPS) instrument approach.

Note: RNAV (GNSS approach operations to LNAV, LNAV/VNAV, and LPV line
of minima are classified as an RNP approach (RNP APCH) in the ICAO PBN

Manual.

Major benefits of GAGAN for civil aviation include:

T

Flight Management Syste(fRMS)b ased on GAGAN wil |l sav
money by managing climlolescen and engine performance profiles.

The FMS based on GAGAN will improve the efficiency and flexibility by
increasing the use of Trajectory Based Operations (TBO)

Improve airport and airspace access in all weather conditions, and the ability to meet
theenvironmental and obstacle clearance constraints.

Enhance reliability and reduce delays by defining more precise terminal area
procedures that feature parallel routes and environmerdptiynized airspace
corridors.

Increase safety by using tAreedimensional approach operation with course
guidance to the runway, which will reduce the risk of Controlled Flight Into Terrain
(CFIT).

GAGAN will also offer high position accuracies over a wide geographical area
These positions accuracies will samultaneously available to all airports and
airfields.

Providenearprecision approagclhat airports where it is impossible or uneconomical
to install terrestrial Navigational aids because of terrain.

Enhance Aito-Air Surveillance (ADSB)
Direct routed Increased fuel savings

Availability of Minimum Safe Altitude Warning (MSAW) facility
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AAl
ABAS
AC
AGL
AFM
AlIP
APV
ATC
ATIS
Baro-VNAV
BPSK
C/A Code
CAR
CP
CRC
CVSS
DCSS
EGNOS
FAA
FAF
FAP
FAS
FEC
FIR
FPAP
FSD
FTP
GARP
GAGAN
GBAS
GEO

Airports Authority of India

Annexure 1

ABBREVIATIONS AND ACRONYMS

(Usedin this document

Airports Authority of India

Aircraft-Based Augmentation System

Advisory Circular

Above Ground Level

Aircraft Flight Manual

Aeronautical Information Publication

ApproachProcedure with Vertical Guidance

Air Traffic Control

AutomaticTerminal Information Service

BarometricVertical Navigation

Binary Phase Shift Keying

CoarseAcquisition Gde

Civil Aviation Requirement

Corrections Processor

Cyclic Redundancy Check

Correction and Verificatio®ubsystem

Data Communication Subsystem

European Geostationary Navigation Overlay System

Federal Aviation Administration

Final Approach Fix

Final Approach Point

Final Approach Segment

ForwardError Correction

Flight Information Region

Flight Path Alignment Point

Full-scale Deflection

Fictitious Threshold Point

GBAS Azimuth Reference Point

GPS Aided GEO Augmented Navigation

GroundBasedAugmentation System
Geostatioriaajellite
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GNSS
GP
GPS
GPS SP
GPA
GPIP
HAL
HMI
HPL
IAC

IAF

IAP
ICAO
IFR

ILS
INMCC
INRES
INREE
INLUS
INLUS-RFU
INLUS-SGS
ISRO

L1 Frequency

LNAV
LPV
LTP
MAWP
MSAS

MAPt
MSL
NM
NOTAM
NPA
OMSS
PA

GlobalNavigation Satellite System
Glide Path
Global Positioning System
GPS- Standard Positioning Service
Glide PathAngle
Glide Path Intercept Point
HorizontalAlarm Limit
Hazardously Misleading Information
HorizontalProtection Level
InstrumentApproach Chart
Initial Approach Fix
InstrumentApproach Procedure
International Civil Aviation Organization
InstrumentFlight Rules
Instrument_anding System

Indidviaster ControCentre

Indieference Stations
INRES Equipment (Indian Reference Equipment)
IndianLand Uplink Stations
INLUS i Radio Frequency Unit
INLUS T SignalGeneration Subsystem
IndianSpace Research Organisation
1575.42MHz
LateralNavigation
LocalizerPerformance with Vertical Guidance
LandingThreshold Point
MissedApproach Way Point
Multifunctional Transport SatellittMTSAT)
SatellitebasedAugmentation System
MissedApproachPoint
MeanSea level
NauticalMile(s)
Notice toAirmen
Non-PrecisionApproach
Operation & Maintenanc8ubsystem

PrecisionApproach
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PRN
RNAV
RNP
SBAS
SMSS
SP
TCH
TF
THR
TP
TSO
VAL
VFR
VNAV
VPA
VPL
VTF
WAAS
WGS

Airports Authority of India

PseudeRandomNoise
AreaNavigation
RequiredNavigation Performance
SatelliteBased Augmentation System
Service Monitoring Subsystem
Safety Processor
ThresholdCrossing Height
Trackto Fix

Threshold

TurningPoint

Technical Standard Order
Vertical Alarm Limit

Visual Flight Rules

Vertical Navigation

Vertical Path Angle

Vertical Protection Level
Vectorto Final

Wide Area Augmentation System
World Geodetic System

AIP Supplement 48/2013
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a)

b)

d)

9)

Annexure 2

DEFINITIONS

Area Navigation (RNAV) : A method of navigation which permits aircraft operation
on any desired flight path within the coverage of ground or spased Navigational
Aids (NAVAID) or within the limits of the capability of sefontained aids, or a

combination of these.

RNAV Systan: A navigation system which permits aircraft operation on any desired
flight path within the coverage of ground or sphesed NAVAIDs or within the limits
of the capability of seitontained aids, or a combination of thegen RNAV system

may be includé as part of a flight management system (FMS).

Barometric Aiding (Baro-Aiding): A method of augmenting the GPS integrity
solution in receiver autonomous integrity monitoring (RAIM) by using a barometric
altitude input sourceBaro-aiding requires fousatellites and a barometric altimeter to
detect an integrity anomaly (the current altimeter setting may need to be entered into
the receiver as described in the operating manu#ro-aiding satisfies the RAIM

requirement in lieu of a fifth satellite.

Barometric Vertical Navigation (Baro-VNAV): An RNAV system function which
uses barometric altitude information f
present a vertical guidance path to the pilthe specified vertical path is computed as

a geometg path, typically computed between two waypoints or an angle based

computation from a single way point.

Decision Altitude (DA): In an approach with approved vertical guidance, DA is a
specified altitude expressed in feet above mean sea level (MSL) dt whiissed
approach must be initiated if the required visual references to continue the approach

have not been established.

Fault Detection and Exclusion (FDE) A receiver autonomous integrity monitoring
(RAIM) algorithm that can automatically detect amctlude a faulty satellite from the
position solution when measurements from six or more satellites are avaldAs
equipment useBDE for integrity whenever a SBAS signal is not available to permit
continuedoperationfrom en route through approacpevations.

Flight Technical Error (FTE): FTE is the accuracy with which an aircraft is
controlled, as measured by the indicated aircraft position with respect to the indicated

command or desired positioft does not account for procedural blunder errors
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h) Global Navigation Satellite System (GNSS)GNSS refers collectively to the
worldwide positioning, navigation, and timing determination capability available from

one or more satellite constellations in conjunction with a network of ground stations.

i) Global Positioning System (GPS) GPS refers to the worldwide positioning,
navigation and timing determination capability available from the U.S. satellite
constellation The service provided by GPS for civil use is defined in the GPS Standard
PositioningSystem Performance Standaiithe GPS coordinate system is the Cartesian
earthcentered eartfixed coordinates as specified in the World Geodetic System 1984
(WGS-84).

j) Integrity: Integrity is a measure of the trust that can be placed in the correctiiess of
information supplied by the total systertntegrity includes the ability of a system to

provide timely and valid warnings to the user (alerts).

k) Lateral Navigation (LNAV): An RNAV function that computes, displays, and

provides horizontal approach ngstion without approved vertical guidance.

[) Lateral Navigation/Vertical Navigation (LNAV/VNAV) : An RNAV function that
computes, displays, and provides both horizontal and approved vertical approach
navigation Both SBAS vertical guidance and bardlAV support approaches to
LNAV/VNAYV lines of minima.

m) Localizer Performance with Vertical Guidance (LPV) : An RNAV function
requiring SBAS, using a final approach segment (FAS) data block, which computes,
displays and provides both horizontal and approved vedjgaroach navigation to

minimums as low as 200ft ceiling and ¥2 mile visibility.

n) Minimum Descent Altitude (MDA): In an approach without approved vertical
guidance, MDA is a specified minimum altitude expressed in feet above MSL, below
which descent mustot be made.
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0) Receiver Autonomous Integrity Monitoring (RAIM) : An algorithm that verifies the
integrity of the position output using measurements from five or more GPS satellites,

or four or more GPS satellites and barding.

p) Required Navigation Performance (RNP) RNP is a statement of the 95 percent
navigation accuracy performance that meets a specified value for a particular phase of
flight or flight segment and incorporates associatetb@ard performance monitoring
and alerting features to notify tipdot when the RNP for a particular phase or segment

of a flight is not being met.

g) Required Navigation Performance Approach (RNP APCH) RNP APCH is a
navigation specification based on area navigation that includes the requirement for on
board performancmonitoring and alerting features to notify the pilot when the RNP
for the approach phase of flight is not being.m{ePV and LP operations are found in
the RNP APCH navigation specifications of the International Civil Aviation

Organization (ICAO) Perforancebased Navigation Manual.)

r) Satellite-Based Augmentation System (SBAS)SBAS is a wide area coverage
augmentation systenirhe user receives GPS constellation augmentation information
from a geostationary satelliteased transmitter SBAS complementshe core GPS
satellite constellation by increasing navigation accuracy, integragtinuity, and

availability provided within a service ared@he Indian SBAS is GAGAN.
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Annexure 3

Technical Details of GAGAN Systems

1. The Global Plan describes a sdtinitiatives that when implemented would result in
performance enhancements to ensure the availability of a safe, secure, efficient and
environmentally sustainable air navigation systéfany of these initiatives rely on GNSS

as the enabling technology.

Core satellite constellations (GPS/GLONASS/GALILEO) were not designed to meet
aviationbs per f.oAsperACROEL38C relgased byd-APeon Desember
2242003, GPS performance for a representative sifigtpiency receiver, as defined in
the GPS Standard Positioning Service (SPS) Perform&@teadards summarized in the

following table:

Availability Unspecified

Horizontal Navigation 33m
System Accurac{95%)

Vertical Navigation

System Accuracy (95%) 3m
SIS Integrity Unspecified
Service Volume Global

Table L Summary of GPS Performance

Due to more stringent accuracy and integrity requirements, Signals from core
constellations (like GPS) need to be augmented, or corrected, to provide the
performance required (accuracy, availability, continuity & integrity requirements) for

precision apprach with vertical guidance.

Three different types of augmentation are possible, in the form of Aircraft Based
Augmentation System (ABAS), Satellite Based Augmentation Sys&BAS), or
Ground Based Augmentation System (GBAS).

2. GAGAN: Indian SBAS
ThroughGAGAN, India has taken the lead role to provide interoperable, seamless air
navigation service for aviation users conducting oceanic, en route domestic, terminal,
and instrument approach phases of flight within Indian FARen fully implemented,
GAGAN will be used as the primary means of navigation by aircraft suitably equipped

with certified SBAS receivers.

GAGAN will provide SBAS service to all phases of flight operating in Indian FIR
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' GAGAN GEO FOOTPRINT |
GAGAN service will improve:
integrity of GPShrough reaktime monitoring;
availability of GPS by providing an additional satellite signal; and

Accuracy of GPS by providing differential corrections.

When operational, GAGAN will support APY service requirements over large portions of

Indian landmas and RNP 0.1 service over entire Indian Flight Information Region.

DGCA CAR, Section9 Air Space and
Air Traffic Management, SeriesD Part
11, Issuefill for
APV- | service :

Requirements for RNP 0.1 service :

Horizontal Accuracy (95%) : 72m
Vertical Accuracy (95%) : N/A
Integrity (per approach) -1x10’
Time-to-alert : 10s

Continuity :1-1x10* to 1-1x108
Availability : (greater than) 99%
Vertical Alert Limit : N/A
Horizontal Alert Limit : 185m

Horizontal Accuracy (95%) : 16.0m
Vertical Accuracy(95%) : 20.0m
Integrity (per approach) -2x10’
Time-to-alert : 10s

Continuity (in any 15 seconds) -8x10°
Availability : (greater than)99%
Vertical Alert Limit : 50m

Horizontal Alert Limit : 40m

3. GAGAN ARCHITECTURE:

GAGAN Project involves the establishment of a full complement of SBAS considting
1 15 INRESs (at Delhi, Jammu, Jaisalmer, Porbandar, Ahmedabad, Goa, Nagpur,
Bangalore, Thiruvananthapuram, Port Blair, Bhubaneswar, Kolkata, Gaya, Guwahati

and Dibrugarh)
1 3 INLUSSs (Two at Bangalore & One at Delhi),
1 2 INMCCs (both at Bangalore) and
1 2 GEGOstationary Navigation Payloads (GSAB, 10)

Airports Authority of India AIP Supplement 48/2013 Page 18 of 22




and with all the associated software and communication links connecting all of the

ground sites.

GAGAN Architecture

GAGAN uses measurements from a wide area network of reference stations (INRES) to
determine (at master centréd\MCC) satellite clock and ephemeris corrections and to model
the propagation effects of the ionosphe® monitoring system ensures that thBAS is
operating correctly and that the correction information is carr€oe corrected message are
sent to the users through an Uplink Station (INLUS) to the navigation transponrtearh

the geestationary satellite (GEOs) which translates it touber on the GPS civil frequency.

GPSSat el > INRES RawData INMCC
Multicast Message
Broadcast Message (UDRE, GIVE etc.)
v Uplink Y
User |« GEO Satellite |« INLUS

3.1 GAGAN Ground Segment:

3.1.1 INRES (Indian ReferenceStation)
The INRESSs serve as the primary data collection sites for the GAGHAN INRES
receives data from the GPS & GEO satellites, performs the necessary processing to
ensure data reasonability, prepares & time tags the data, and sends it to INMI@C via t
DCSS; for independent processing & verification.
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