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7 Indian Satellite Navigation Program

Consists of two Projects
e GPS AIDED GEO AUGMENTED NAVIGATION (GAGAN)

e INDIAN REGIONAL NAVIGATION SATELLITE SYSTEM (IRNSS)



- GAGAN: Performance Objective

The objective of GAGAN-FOP is to realize a
certified and operational SBAS for all phases
of flight path over the Indian FIR to provide
the air navigation services of

DELHIFIR

DELHIFIR;

**RNP 0.1 en route navigation within Indian
FIR

MUMBAI FIR

MUMB.AI FIR
T KOLKATAFIR L.

**APV-1/1.5 precision approach over the
landmass of Indian FIR

Performance Requirements

MURMBLA] FIR

CHENNAL e

FIf BRY
OF
BENGAL b
¢
¥
L}

. ceCHEMHAL |
- . FIR {
CHENNAL |
FIF
e - :
==

Flight Accuracy HAL VAL . 4
Phase é E COLOHED FIR
% :II MALE
53 |RNP 0.1 |72 m (H) 185 m N/A 2
5 APV 15 |335m(H) | 40m | 50m
9.8 m (V)

MUMBAI FIR




- Grid Based lonosphere Model For GAGAN

GAGAN INRES Locatlons (15)

IGM-MLDEF (ISRO GIVE Model-

Multi Layer Data Fusion):

* New Multi layer Grid Based Model

30

e Uses Data Fusion Technique

e Provides GIVD, GIVE at 350 km (as =
per MOPS)

- This model does not call for any
change to the existing SBAS message

structure

- No change for the legacy users

| | | | |
70 7 ao 8 % %
Longitude (deg.)

10



e IGM-MLDF: Preliminary Results

* Joint activity between ISRO and Raytheon"

= 100% (53.8%)

e Algorithm evaluated using the
measurement based model data (ISRO-TEC
data) for selected nominal & stormy days ™"
over 2004-07

99% (77.45%)

98% (89.52%)

97% (91.65%)

96% (93.51%)
e Algorithm is under evaluation with high 9% (99.42%)
quality live data collected over 15 INRES S
locations _
. . 60% (100%)
* The live data (supertruth) contains v
10N 50% (100%)
measurements from 2/3 INREEs from each | NEEAN
\ b1 < 50% (100%)
Of the INRES 70 E 80 E 90 E : - 100 E
Residuals WVDelay (MLDF) 2011 O=2 13 ' ' ' ' ' ' '
<4000 (e, 5, RMS) = (O. 137, O 3905, O.3922) PA Horizontal Performance (¥938 samples)
i e e T A S2s T ens -
3500 - N 920
3000 | - 80 Systerm Unavailable :
5 { Alarm samples: O o
2500 | - /
g 60 e Taa—
2000 |- 4 3 so
o
T 4.
1500 | - APV | >
- .7 99.9995 5 0
S500 |- a 10l-.-
> L < o] 170 20 30 4OHPéO(m)GO 70 80 90




2 GAGAN TEC Data

TEC Map over India

Measurement Based lonosphere
Model - ISRO TEC Model

e Based on real data from GAGAN
TEC stations combined with Physics-
based Semi-empirical Model

* Provides TEC Map over Indian
region

Activities include:

e Data Collection and Archival

e Model Comparison and
Validation

e Testing New Algorithms
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* Depletion:

- Post sunset events

- Local phenomena (i.e., Depletion
observed by an user may/may not
be observed by any of the INRES )

- User protection against depletion:
Mitigated through the ground
model

e Observations:

- Indicates that the depletion with
>0.5 m magnitude occur during
5:30 p.m. — 3:30 a.m. local time.

- Maximum observed depth:7 -
7.5 m

Depletion Studies

TEC Data Mumba

GAGAN

15

e

=1

(<]
=9

148 15 152 154 156 158 16 162 164 166
Tive. or@/24/2004 - 7.5 m

GAGAN INRES Data

Vertical Delay, m

|
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7 Indian Satellite Navigation Program

Consists of two Projects
e GPS AIDED GEO AUGMENTED NAVIGATION (GAGAN)

e INDIAN REGIONAL NAVIGATION SATELLITE SYSTEM (IRNSS)



;A;ﬁ IRNSS: INDIAN REGIONAL NAVIGATION SATELLITE SYSTEM

e Refers to an independent Indian Regional Navigation Satellite System providing
navigation services over Indian Region.

IRNSS ELEMENTS *
GEO at
»Space Segment GSO at 83°E 55O at
»Ground Segment 55°E i 111 WE°E GEO at
131.5°E
» User Segment i . - /.\E T

SPACE SEGMENT

I
; _ I
= - - I
R ' P !
o \ [ ] ] .
IRNSS SERVICES AN .. i g Vi
\~~~~ ~~~~~~~~~~~~~~~~~ ’,l
SSm——e_. == N ,’-_— ————_7/7__:———
Service Type F req. IRNSS Space Craft Control Centre ~ ~ ~~~o_ b K et ' ] Laser Ranging
IRNSS TTC & Uplinking Stations S~a A m
Ban d IRNSS Range and Integrity Monitoring ’ EL[I ‘i ’Euﬂ [ ]
Stations == I
Standard Positioning Service L5(1176.45Mhz) | | IRNSS Timing Centre INC ol
S(2492.028hz) CDMA Ranging Stations | i
Laser Ranging Station A A : |
i i i IRNSS Navigation Centre [ p——— - 1
Sestrlcted Services for Special |755 i i o TTmTITm e H
Sers

IRNSS Configuration




;;4; lonosphere Corrections In IRNSS
IRNSS Data Structure |

SUBFRAME 1 | SUBFRAME 2 | SUBEFRAME 3 | SUBFRAME 4

Fixed Format -Primary
Navigation Parameters
(Clock & Ephemeris)

IRIMS STATIONS

Message Format -Secondary
Navigation Parameters

1200 bits

1. Co-efficient based (4a & 4p) lono.
Corrections

2. Grid Based lono. Corrections (on
L5)




e lonosphere Corrections for IRNSS

* Region Specific co-efficient based model
e Model developed based on

- GAGAN TEC data

- GAGAN INRES data

Grid Based Corrections

 IGM-MLDF model for single

frequency ]

e Service Area: Indian Land Mass
e Total Number of IGPs

- 90 (Subdivided into 6 Regions)
« Message Content

- No. of Regions Serviced

- Region ID

- GIVD, GIVE

Latitude (deg.)
—= ra ra
@ =] 5
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