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GAGAN program Implantation schedule.

GAGAN Architecture.

GAGAN Services & status.

GAGAN Performance & Ongoing Activities.
Extension GAGAN services to neighbouring regions.

Additional Services planned to be offered through GAGAN




GAGAN Program Implementation Schedule

O  Jointly developed by AAIl and ISRO.

O  Implemented in two phases:
< Phase | : Technology Demonstration of System (TDS)
Aug 2004 to August 2007.

< Phase Il : Final Operation Phase (FOP)
June 2009 to June 2013.

O  Certification: Certified by DGCA, India for
> RNP 0.1 on 30t December 2013
> APV-l on 215t April 2015
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/ GAGAN Elements
. Ground segment

1. Reference stations *
(INRES) - 15 Nos

2. Master Control Center A
(INMCC) - 3 Nos

3. Uplink Stations
(INLUS)- 3 Nos

4. Redundant data
links between
GAGAN sites.
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B. Space segment

1. GPS Constellation
2. GEO Satellites with
nav payload — 3 no’s
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C. User segment
GAGAN enabled SBAS Rx.

. Trivandrum
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INLUS #1
PRN 127(BG)

GAGAN Architecture

GSAT-10
GSAT-8
GPS 1 to 32
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INLUS #2 INLUS #3
PRN128 (BG) PRN 127 (DD)
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DATA COMMUNICATION NETWORK @ 2 Mbps / 128 Kbps (OFC Link)

e

DATA COMMUNICATION NETWORK @ 2Mbps 128 Kbps (OFC & V Sat Dual Link)

AN

AIRPORTS AUTHORITY OF INDIA

= INRES-1 INRES-2 e st
@

INRES-15




GAGAN Infrastructure - INRES




GAGAN Infrastructure- INMCC & INLUS Equipment
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GAGAN Infrastructure — Building & Antenna Structures

INRES Facility At
Bangalore
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GAGAN Services

GAGAN provides the following air navigation
services meeting [CAO SARPS.

- RNP 0.1 within India FIR
- APV-1 in the landmass of Indian FIR.

(Due to impact of ionosphere behavior over
the equatorial regions, availability of

GAGAN APV -1 service is better than 76%
of landmass on nominal iono days .

o Current Transmission is on GSAT-8 (PRN-127) & GSAT-10 (PRN-128)

 Integrations activities with third GEO satellite GSAT-15 (PRN 132) are
in progress. Expected to be completed by July 2018.
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24 hours Service Availability plot (24t Oct. 2017, 00:00 to 23:59 UTC)

APV-1 Service RNP 0.1 Service
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GAGAN Real time system performance is available at
http://gagan.aai.aero
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IGP’s serviced in the existing GAGAN system

lonospheric Grid Points - GAGAN
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Existing GAGAN RNP 0.1 Coverage beyond the Indian Region
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GAGAN Performance during year

* Average Availability value of RNP(.1 service is 100% of Indian FIRs.

* Average Availability value of APV 1.0 service is better than 76% of Indian Landmass during
nominal days of ionosphere activity.
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Promotional Activities in India — User Segment

®* As per National Civil Aviation Policy (NCAP-2016), Ministry of Civil
Aviation, India mandated that:

e All new aircraft, registered in India to be GAGAN enabled from 1¢
January 2019. Forward fit notification by DGCA very soon, as per
NCAP 2016

e All aircraft, registered in India, to be GAGAN enabled from 01.01.2024

* DGCA, India to provide necessary amendments in CAR, CAP and
Airworthiness Procedure Manual (APM)
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Works in Hand

() Development of APV procedures for 20 Airports are in
the progress. The APV procedure for 3 airports i.e.
Ahmedabad, Lucknow and Nagpur has been
developed. Testing & validation of these procedures is
being taken up shortly.

U In the next few years, GAGAN APV procedures
development for almost all operational airports in
India.

) GSAT 15 integration.

| F""IRE FURURE PLANS:
i‘ Ny Expansion of GAGAN Services to Neighboring Countries

having GAGAN GEO Foot prints.
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Suitability of GAGAN in the Gulf region

Both India and Gulf regions are on equatorial anomaly region .

lonosphere Scintillation is most intense and most frequent in the equatorial region.

Frequent

Infrequent

lonosphere Scintillation severely affects the performance of SBAS.

An MLDF (Multi Layer Data Fusion) iono model suitable to serve the equatorial anomaly
region was developed by ISRO and implemented in GAGAN system .

Gulf region falls within the GAGAN GEO foot print.
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Extension of the GAGAN services to Gulf region

* GAGAN GEO footprint extends from

Africa to Australia. - (SATS
= O asatto
* In the existing GAGAN system 102 GSATLE
IGP’s are serviced and RNP 0.1 s
A 2 - ..4.--‘—-1-#‘" nr TN -
coverage is available much beyond the E} ”&"’" g e RS
Indian region. A " <, - o

reference stations.
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fVIajor Activities Involved to add reference stations for
extension of GAGAN services

* Indentify strategic locations and conduct a preliminary site survey.

e Carry out Multipath, RF Interference survey & elevation profile at the
identified sites.

* Develop necessary Civil and electrical infrastructure at the selected site.

 Establish reliable data links between reference station and master control
center. Conduct data links testing. One way latency of satellite links should be
less than 500 msec.

* Procure the Reference station equipment.

* Install and Test the Reference equipment at site.

* Integrate with Master control center and conduct stability test.
e Safety analysis, Documentation.

e Certification by the regulator.




Strengths of AAI-ISRO

AAl, as GAGAN service provider has the capability of

Neighboring states can take advantage of GAGAN infrastructure to implement the RNP 0.1 and
APV 1 service in the respective states without having the full SBAS infrastructure in their

Reference stations sites selection and identification of site infrastructure requirement.
Engineering Support for Site infrastructure development.

Installation & testing of reference stations and test reports generation.

Support to establish & test data communication links to Master Control Center.
Integrate reference station with Indian Master Control center

Carryout Stability test, test reports generation

Support for certification.

Train personnel for operation and maintenance.

Evaluation of SBAS SIS

country.

® GAGAN has become the third in the world to have such Precision Approach Capability.
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Plan to utilize GAGAN signals for broadcasting short service messages with suitable changes in

the message structure via GEO satellites.

Early Warning messages on the occurrence of natural disasters, calamities, dangers for the

Additional Service Planned - GAGAN MESSAGE SERVICE

(GAMES)

safety of life within GAGAN coverage area :

e Search and Rescue Messages
e Relief and mitigation related me

e Meteorological information

Users having the possibility to process the messages can extract the enclosed information

and use it in the way they need.
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Feasibility of GAGAN Message Service (GAMES)

 RTCA D0O229C MOPS standard defines the minimum update rate that needs to be respected
by SBAS to comply with the safety of life requirements

e SBAS has to respect minimum update rate of corrections and integrity messages to comply
with safety-of-life requirements (primary mission)

. - About 35% of bandwidth 75 bits out of 250 bits is still available

* Plan to utilize Message Type 63 for transmission of GAMES
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Advantages of GAME

Free Service
Users equipped with GAGAN receivers know their position along with alert

Confirmation of transmission and timely delivery of message is guaranteed as GAGAN is
basically a SoL system

Service availability ensured all the time
Wider coverage area

GNSS positioning functionality already embedded in many smart phones and personal
devices

Better control over message service as the system is controlled by government agencies
No additional requirement for local infrastructure

Resilience to terrestrial disturbances

Low operational cost

Capability to support different type of alerts simultaneously
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GAGAN Service to Neighbouring Nations

* Service to all neighbouring countries such as Afghanistan, Bangladesh, Bhutan,
Maldives, Nepal, Myanmar, Sri Lanka etc. is possible.

* Countries of South East Asia, such as Thailand, Indonesia, Malaysia, Singapore
and others over Australia and Africa falling within GEO footprint subject to
installing Indian Reference Stations (INRES).

* Aviation in the region will be greatly enhanced with the use of GAGAN as it is an
enabler for transition to seamless satellite navigation based on the ICAO
framework for Aviation System Block Upgrades (ASBU).




Assistance by India to other countries

e Support in RFP Preparation & Evaluation

* Assistance for Site Selection for Reference Stations, Up link Stations & Master
Control Stations

* Engineering Support for Site infrastructure development
* Engineering Support in establishing data communication Network
* Evaluation of Vendor Supplied Technical Documents

* Support for Equipment FAT/Installation/SAT/System Integration & Testing
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Assistance by India to other countries

* System Performance Evaluation/System Anomaly analysis & Resolution.
e Operational Test & Evaluation using S/W Tools

e Support for Certification Activities

* Training for Operation & Maintenance personnel

* Support for SBAS procedures design and development




Thank you




