GENERAL ARTICLE

Indian plan for satellite-based navigation
systems for civil aviation

S. V. Kibe

The Airports Authority of India and the Indian Space Research Organization have signed a Memo-
randum of Understanding (MOU) to implement a satellite-based navigation system as part of the
satellite-based communication, navigation, surveillance (CNS)/air traffic management (ATM) plan
for civil aviation. For satellite-based navigation, two core constellations — Global Positioning Sys-
tem (GPS) of the United States and GLONASS of the Russian Federation are available. The posi-
tion accuracies achievable with these core constellations are not good enough for precision
approach and landing requirements of civil aviation. These constellations need to be augmented.
Three types of augmentation systems are possible: Ground-Based Augmentation System (GBAS),
Aircraft-Based Augmentation Systems (ABAS) and Space-Based Augmentation System (SBAS).
ISRO will implement a proof of concept SBAS called GAGAN (GPS and GEO augmented naviga-
tion). This paper describes the Indian plan for satellite-based navigation system for civil aviation. A
brief outline of the three segments — user segment, space segment and ground segment necessary

for implementation of an SBAS system over the Indian airspace is given in this article.

INTERNATIONAL Civil Aviation Organization (ICAO)
member states have endorsed Global Satellite Navigation
System (GNSS) as a primary future system for aviation.
GNSS provides worldwide coverage for seamless aircraft
navigation. Satellite transmission along with ground
enhancement will enable the users to perform on-board
position determination for enroute, terminal, non-precision
and precision approaches.

The Airports Authority of India (AAI) has decided to
implement an indigenous satellite-based regional GPS
augmentation system, also known as Space-based Aug-
mentation System (SBAS), as part of the satellite-based
communication, navigation, surveillance (CNS)/air traffic
management (ATM) plan for civil aviation. Towards this
end, a national plan for satellite-based navigation system
has been prepared. The Indian SBAS called GAGAN
(GPS And Geo Augmented Navigation) system will
be implemented jointly by the Indian Space Research
Organization (ISRO) and AAL

The present ATM systems in the Asia Pacific region
have the following shortcomings: (a) Lack of surveil-
lance facilities over large areas of region which require
relief from congestion; (b) Air route availability con-
straints by point source navigation aids, resulting in
choke points; (c¢) Dissimilar ATS procedures and separa-
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tion standards causing flight information region (FIR)
boundary changes to flight profiles; (d) Un-coordinated
provision of present CNS system, resulting in duplication
of resources and services; (e) Lack of appropriate parallel
ATS route structures to relieve route congestion and,
(f) Poor quality communication facilities and language
difficulties.

The first SBAS system over US was developed by the
United States using two INMARSAT-III GEO navigation
payloads (POR & AOR-W) and is called the Wide Area
Augmentation System (WAAS). The European Geo-
stationary Navigation Overlay System (EGNOS) is being
implemented by the European Space Agency since 1996
and is expected to be operational in the year 2004-05.
EGNOS uses the other two INMARSAT-III navigation
payloads (IOR & AOR-E). The MTSAT Satellite
Augmentation System (MSAS) is being implemented by
the Civil Aviation Bureau, Ministry of Land, Infrastruc-
ture and Transport, Government of Japan and is expected
to be operational by 2004-05. All evolving SBASs must
comply with Standards And Recommended Practices
(SARPs) specified by ICAO to provide seamless
navigation to civilian aircraft across the globe. The
SBAS implementation over the Indian air-space will
bridge the gap between the evolving EGNOS and MSAS
system. A mechanism is required where the Indian sys-
tem becomes a part of an evolving global navigation sat-
ellite system (GNSS) consisting of the core constellations
and the SBASs.
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The need and types of augmentation

At present, there are two core constellations which pro-
vide satellite-based navigation in the world — The Global
Positioning System (GPS) of the United States and
GLObal NAvigation Satellite System (GLONASS) of the
Russian Federation. These constellations provide position
accuracies of the order of 30 m Circular Error Probable
(CEP) anywhere on the surface of the earth through inex-
pensive hand-held receivers. Both these systems operate
in the L-band. The accuracy available through these con-
stellations is not adequate for precision approach and
landing requirements in civil aviation.

The core constellations can be augmented in three
ways, Aircraft-Based Augmentation System (ABAS)
augments and/or integrates the information obtained from
GNSS elements with information available on-board the
aircraft in order to ensure operation according to the val-
ues specified in [CAO SARPs.

The Ground-Based Augmentation System (GBAS)
consists of augmenting the core constellation through
differential GPS elements implemented close to an air-
port and transmitting the corrections to the aircraft
through a suitable data link.

The Space-Based Augmentation System (SBAS) refers
to having GEO satellite-based GPS compatible navigation
payloads over a region supported by the necessary ground
segment and uplink earth stations. The User Differential
Range Errors (UDREs), improved iono-tropo grid models
and improved GPS ephemeris are transmitted to the GEO-
based navigation payload which retransmits these to modi-
fied GPS user receiver also called GNSS receivers.

Civil aviation requirements for satellite-based naviga-
tion are specified in the ICAO SARPs which specifies the
signal-in-space performance requirements for civil avia-
tion in terms of accuracy, integrity, time to alert, continu-
ity and availability as follows:

Accuracy (horizontal) : 16 m
Accuracy (vertical) : 6m
Integrity D 12107
Time to alert i 6s
Continuity : 1-8x10°°
Availability : 0.99-0.99999
Integrity: Integrity is a measure of trust that can be

placed in the correctness of the information supplied by
the total system. Integrity includes the ability of a system
to provide timely and valid warnings to the users (alerts).

Time to alert: The maximum allowable time elapsed
from the onset of the navigation system being out of tole-
rance until the equipment enunciates the alert.

Continuity: Continuity of a system is the capability of
the system to perform its function without unscheduled
interruptions during the intended operation.
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Availability:  Availability of GNSS is characterized by
the portion of time the system is to be used for navigation
during which reliable navigation information is presented
to the crew, auto pilot or other system managing the
flight of the aircraft.

SBAS concept: The Wide Area Differential GPS
(WADGPS), also known as SBAS, is illustrated in
Figure 1 conceptually. There are five major elements in
any SBAS: (i) Reference stations (RS); (ii) Mission con-
trol centre (MCC); (iii) Land uplink station (LUS); (iv)
The GEO Payload and, (v) User GNSS receivers.

Indian reference stations (INRESs): These stations col-
lect measurement data and broadcast messages from all
the GPS and GEO satellites in view and forward it to the
Indian Mission Control Centre (INMCC). As per the pre-
sent planning, eight INRESs will be located at the
following places in India: New Delhi, Bangalore,
Ahmedabad, Kolkata, Jammu, Port Blair, Guwahati,
Thiruvananthapuram.

Indian Mission Control Centre (INMCC): The chief
functions of the INMCC are: Network management
(communication and computer); Integrity monitoring;
Iono-tropo model delay estimation; Wide area correc-
tions — separation of errors; Orbit determination; Com-
mand generation.

The INMCC shall consist of a main frame computer
and a host of secondary computers connected to a net-
work. The communication interfaces of the INMCC with
other ground segment elements are shown in Figure 2.
INMCC will be collocated with the INLUS at Bangalore.

Indian Navigation Land Uplink Station (INLUS):
INLUS communicates with the Indian navigation pay-
load. This earth station receives messages [which contain
User Differential Range Errors (UDREs) and Iono-tropo
grid models] from the INRESs through the INMCC,
formats these messages and transmits them to the GEO
satellite navigation payload for broadcast to users. The
INLUS also provides GEO ranging information and cor-
rections to the GEO satellite clocks. Message formats and
timing are as per the ICAO SARPs.

A configuration of the Indian navigation land uplink
station is shown in Figure 3.

Navigation payload: 1t is proposed to fly a navigation
payload compatible with GPS L1 frequency (and possibly
GPS LS frequency) on an Indian satellite to be positioned
in the Indian Ocean region between the orbital arc 48 to
100°E longitude. The salient characteristics of the pay-
load are:

L1 D/L EIRP = 33.5dBW
Receive G/T = -5dB/K
Power amplifier = 40 Watts
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Coverage = Global
Mass =40 kg
Power =140 W

The functions of the navigation payload are: (i) to relay
geostationary overlay signal compatible with GPS L1
frequency for use by modified GPS receivers and (ii) to
provide a C x C path for ranging by INRESs with an up-
link from the INLUS.

The EIRP can be adjusted within a suitable range
through on-board attenuator settings. The payload con-
figuration and frequency plan are shown in Figures 4 and
5 respectively. ISRO is looking into incorporating
the GPS second civil frequency L2C or the third civil
frequency LS.

Several antenna configurations for L-band are under
study. Some of the candidate antennae are: Prime focus
reflector, Helix array, Patch array.

The first payload is expected to be made operational in
the year 2004. The L1/L5 frequency payload footprint is
shown in Figure 6. A second payload shall be fabricated
and kept as ground spare.

The GAGAN system: Three phases have been identified
for reaching the full operational capability (FOC) for
GAGAN: (i) Technology demonstration system (TDS),
(ii) Initial experimental phase (IEP), (iii) Final opera-
tional phase (FOP).

Technology demonstration system (TDS): The objective
of this system is to develop indigenous capability in
SBAS implementation.

Under the TDS, the ISRO is establishing the necessary
ground and space segment for demonstration of SBAS
functioning for enroute, Non-Precision Approach (NPA)
and Cat.I landing capability over a limited airspace ini-
tially.

The ground segment configuration for the TDS phase
is as follows: (i) Up to eight INRESs at widely separated
geographical area in India; (ii) An INdian Master Control
Centre (INMCC) located at Bangalore; (iii) An Indian
Navigation Land Uplink Station (INLUS) collocated with
the INMCC; (iv) One navigation payload in the Indian
Ocean Region (JOR) between the orbital locations 48 to
100°E.

GEO Ranging
+Integrity message
+WAD correction

e

@

s II/@" 4

7/ AN

INMCC

Figure 1.
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WADGPS ground segment concept.
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Initial experimental phase: After the successful com-
pletion of the TDS, redundancies will be provided to the
space-segment, INMCC, INLUS and system validation
carried out over the entire Indian airspace possibly in
association with an international agency. The conven-
tional navigational aids will continue to be operational as
prime mode. INMCC will be configured for WAD tech-
nology and for operations with Indian space-segment.
Based on the experience of the TDS, additional augmen-
tation will be worked out.

INLUS
Dedicated Dial Up :
VSAT Links / Local
IMCC |
VSAT Links
VSAT Links VSAT Links 64 Kbs
64 Kbs 64 Kbs

‘ Station Computer ‘ ‘ Station Computer ‘ ‘ Station Computer ‘

\.Nntm | ;GRL \mntsz J—

The activities during the initial operational phase will
be defined in greater detail after gaining experience dur-
ing the TDS phase. Experience world-wide shows that in
this phase most of the technical problems in the naviga-
tion software such as, integrity, availability, etc. are resol-
ved. Such resolutions are specific to the airspace and the
availability of GPS satellites and GEO augmentations.

Final operational phase: During this phase, additional
INRESs will be established as required and the commu-
nication systems will be established with all redun-
dancies. INMCC and NLES will be augmented with
operational hardware and adequate redundancy. INRESs
will be augmented with operational hardware.

During the 1IEP and the FOP, parallel attempts will be
made to develop SATNAV compatible GNSS receivers
of international standards indigenously.

Impact of ionospheric tropospheric multi-path, ephemeris
and clock-related errors: The ionosphere delays the L-
band signals and introduces unpredictable range errors.
The ionospheric conditions in the low latitude regions are
more difficult to measure and model.

The ephemeris error in the data downlinked through

Figure 2. Communication interfaces. the GPS L1 frequency to ordinary GPS receivers is in the
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Configuration of Indian Navigation Land Uplink Station.
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Figure 4. Schematic of navigation payload.
L5 GPS SIGNAL TIME SYNC L1 GPS SIGNAL
C-BAND
UPLINK
LO1= 3200 MHz 666445
L02-3300 MHz ) 6676.45 6688.45 67000 6705.0 6725.0
6715.42
IF
164.45 | 188.45
176.45 200.0 205.0 225.0
21542
C-BAND
DOWN LINK
LO2= 3200 MHz 3400.0 3405.0 3415.42 3425.0
L-BAND
DOWN LINK
I ! a2
1164.45 1176..45 1188.45 1565.42 1575.42 1585.
LO3= 1000 MHz
LO4=360 MHz
* All Frequencies are in MHz LO3 =1000 MHz
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Figure 6. Present service coverage for WAAS, EGNOS, MSAS and proposed INSAT navigation payload.
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Figure 7. Planned TEC stations.

vicinity of about 7-8 m. This translates to an equivalent
position error of 30 m. In SBAS a better ephemeris model
(through UDRESs) is transmitted to the geo-stationary sat-
ellite which enables a modified GPS receiver to improve
the ionospheric and ephemeris-related errors resulting in
better position accuracies. Clock errors are offset through
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accurate measurements made at INRESs since this is a
one-dimensional error.

Ephemeris: 1t is well known that the signal multi-path
at the reference stations caused by satellite signal reflec-
tion and defraction from overhead and nearby objects
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degrades ranging measurements. Adequate care will be
taken to have antennae and receivers at the INRESs to
reduce multi-path errors.

Iono-tropo modelling: lono-tropo modelling and scintil-
lation studies in the L-band will be carried out over the
entire Indian airspace as an integral part in the TDS
phase 1.

The following strategies have been adopted to develop
suitable grid-based ionospheric model over the Indian
region: (i) About 20 total electron content (TEC) receiv-
ers shall be located at the Centre of the 25° x 5° iono-
spheric grid points (IGP) over the Indian region as shown
in Figure 7. (ii) The data from these receivers shall be
logged into a personal computer and the logged data shall
be delivered to all academic and scientific institutions on
which contracts are placed to carryout the necessary stud-

ies. (iii) All receivers and PCs shall have an uninterrupti-
ble power supply and necessary housing at all the 20
sites. The instrumentation at all the sites shall be identi-
cal. A suitable ionospheric scintillation and TEC monitor
receiver equipment which is best suited for these studies
shall be deployed at all the sites.

International coordination: Advanced publication infor-
mation (API) for the Indian navigation payloads has been
filed with the International Telecommunications Union
(ITU).

During the IEP and FOP, international assistance
would be sought for the definition of inter-operability for
the Indian SBAS, system validation, testing and certifica-
tion.
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