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Global Navigation Satellite System and Augmentation
K C T Swamy
Knowing about Global Navigation Satellite System (GNSS)
is imperative for engineers, scientists as well as civilians because of its wide range of applications in various fields, including personal and vehicle navigation, aviation, defense,
transportation, science, security, telecommunication, and survey. Global availability of signal and continuous service has
made GNSS technology popular with a large number of users.
This article covers various aspects of GNSS/GPS like architecture, working principle, signal structure and augmentation (GAGAN). The article also covers the Indian Regional
Navigation Satellite System (IRNSS) and its potentials.
1. Introduction
Global Navigation Satellite System (GNSS) is a generic name
given to a group of several satellite constellations such as the
Global Positioning System (GPS), GLObal NAvigation Satellite
System (GLONASS), Galileo, and Compass. The satellite constellations (navigation satellites) broadcast their positions and timing data on radio frequencies continuously under all weather conditions. GNSS receiver determines its own location coordinates
by capturing the radio signals transmitted by the navigation satellites. The first worldwide satellite navigation system – GPS –
was developed by the US Department of Defense (DoD) for military purposes. Later, GPS found several applications, and today
it has become an essential navigation technology. The second
fully operational global satellite navigation system is Russia’s
GLONASS. However, the accuracy of standalone GPS, which is
limited by several errors is not suﬃcient to meet the safety requirements of real-life applications such as critical airborne applications including missile guidance and tracking. To meet this
required accuracy, errors need to be reduced or eliminated by
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The augmentation of a
global navigation
satellite system provides
an improved positioning
service as required for
airborne applications
over a specific nation,
region or small area.

transmitting additional information to the users. This process
is called as the ‘augmentation of GPS’. There are three types of
augmentation systems, namely satellite-based augmentation system (SBAS), ground-based augmentation system (GBAS), and
aircraft-based augmentation system (ABAS). The augmentation
of a GNSS provides an improved positioning service as required
for airborne applications over a specific nation/region (SBAS) or
small area (GBAS). Also, independent regional satellite navigation systems are being developed by some nations; India is one
among them.

2. Salient Features of Global Navigation Satellite System (GNSS)

1 A method of determining location coordinates using distance.

As mentioned, GNSS comprise several constellations such as GPS,
GLONASS, Galileo, and Compass. They are designed to achieve
full compatibility and interoperability with regional satellite navigation systems. All these systems are similar in their concept but
diﬀer in some aspects like the satellite orbit design, signal frequency, etc. GNSS receivers generally perform trilateration1 to
compute its position. However, in GPS, all satellites transmit signals on the same two carrier frequencies. But these signals do not
interfere with each other because of modulation with a specially
assigned ‘pseudo random noise’ (PRN) code. The code sequences
are nearly uncorrelated with respect to each other. The first and
the most popular GNSS system – the GPS – is described in the
following section.

3. Global Positioning System (GPS)
The Global Positioning System (GPS) developed by the US Department of Defense became completely operational in the year
1995. However, its usefulness in civilian applications became
pronounced only after the elimination of ‘selective availability’
(SA) on 02 May 2000. The complete architecture of GPS and its
operation for position estimation are presented in the following
sub-sections.
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Figure 1.

GPS architec-

ture.

3.1 GPS Architecture
GPS architecture consists of three segments namely, the space
segment, the ground segment (or) control segment and the user
segment (Figure 1). The space segment comprises ‘medium earth
orbit’ (MEO) satellites constellation. Monitoring and controlling
of the satellites are done by the ground segment. The DoD of US
is responsible for the operation and maintenance of both space
and ground segments. User segment is a GPS receiver of single or dual frequency. It processes the received L-band signals
to provide position, velocity, and time (PVT) information to the
user.

GPS architecture
consists of three
segments, namely, the
space segment, the
ground segment (or)
control segment, and the
user segment.

(a) Space Segment
The space segment consists of a constellation of nominally 24
satellites that are arranged in six Earth-centered imaginary MEOs
labeled as A, B, C, D, E and F. Each orbit consists of four satellites at the height of about 20,200 Km from the surface of the
Earth. The orbits are equally spaced above the equator at a 60o
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S.No

Orbit Parameter

Parameter Value

1

Orbit radius rcs

2

Orbit velocity (circular) (ECI)

26,561.75 Km semi-major axis

μ
rcs = 3.90 Km/sec

3

Eccentricity (e)

Nominally zero (generally less than 0.02)

4

Angular velocity (ωs )

1.454 × 10−4 rad/sec

5

Period

11 hrs: 58 min: 2.05 sec

6

Inclination

55o nominal

Table 1. GPS satellite orbit
parameters.

Depending upon the
characteristics and
generation, the satellites
are categorized into
diﬀerent groups called
‘blocks’. Each block has
similar characteristics.

separation with an inclination of 55o relative to the equator. Satellites are arranged in such a way that users from anywhere on the
Earth’s surface will always have at least four satellites within visibility. Four is the minimum satellite number required to fix the
receiver’s position. The important parameters of the satellite orbit are listed in Table 1. The velocity of satellites in orbit is 3.9
Km/sec and the corresponding orbital period is 11 hrs : 58 min
: 2.05 sec. Each satellite transmits two PRN radio signals on frequencies L1 (1575.42 MHz) and L2 (1227.60 MHz). Depending
upon the characteristics and generation, the satellites are categorized into diﬀerent groups called ‘blocks’. Each block has similar
characteristics.
(b) Ground Segment
Ground segment consists of monitoring stations (MS), a master
control station (MCS), and ground antennas. The specific functions of the ground segment are to monitor satellite orbits, maintain satellite health and GPS time, predict satellite ephemeris,
clock parameters, and update the satellite navigation messages.
Monitoring stations are located all over the world at sixteen places
to track the signals of the GPS satellites in view, process them,
and then transmit the required information to MCS through a
communication link. The master control station located near Colorado Springs operates the system and estimates clock correction and ephemeris parameters (navigation message) accurately
by extensive processing. The satellite clock error (εsat ) can be
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estimated using the following polynomial equation:
εsat = a0 + a1 (tsat − toc ) + a2 (tsat − toc )2 + Δtr ,

(1)

where,
a0 = clock bias (sec)
a1 = clock drift (sec/sec)
a2 = clock drift rate (sec/sec2 )
tsat = satellite clock time (sec)
toc = reference epoch, and
Δtr = correction due to relativistic eﬀect (sec)
The computed clock and ephemeris information are sent to satellites thrice daily through ground antennas. The ground antennas
are operated remotely from the MCS. They receive telemetry data
from the satellites, to uplink commands and the navigation message. Also, ground segment maintains the health status of the
satellites.
(c) User Segment
User segment is a GPS receiver. It computes PVT using a minimum of four signals received from four diﬀerent satellites. Its
generic architecture consists of eight elements, namely, antenna,
preamplifier, reference oscillator, frequency synthesizer, down converter (mixer), IF section, signal processing, and application processing (Figure 2).

User segment is a GPS
receiver which computes
PVT using a minimum
of four signals received
from four diﬀerent
satellites.

Figure 2. Block diagram of
a generic GPS receiver.
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Specially made antennas
receive the signals
coming from the GPS
satellites by rejecting
interference and
multipath signals, and
converts the
electromagnetic signals
into electrical voltages
and currents that are
suitable for further
processing.

The functioning of each element is briefly explained below.
Antenna: Specially made antennas receive the signals coming
from the GPS satellites by rejecting interference and multipath
signals. It then converts electromagnetic (EM) signals into electrical voltages and currents that are suitable for further processing. The selection of antenna is based on several parameters such
as radiation pattern, interference reduction, phase stability and
repeatability, multipath rejection, size, profile, and environmental
conditions. The polarization of the antenna is ‘right hand circularly polarized’ (RHCP).
Preamplifier: The signals received by the antenna are sent to a
preamplifier which consists of a filter and a low noise amplifier
(LNA). It rejects the undesired RF signals and sets the level of
receiver noise figure. Further, it amplifies the power by approximately 1010 and scales down the carrier frequency by a factor of
100 to 1000.
Reference Oscillator: Reference oscillator provides the time and
frequency reference to the receiver. It is the key element of the
receiver because all the measurements are based on the time of arrival and frequency. Its performance is critical for some commercial and military applications. High-quality oscillators are preferred, but then the cost of the receiver increases significantly.
Frequency Synthesizer: The frequency synthesizer is used to
generate local clocks for signal processing and interrupts for application processing. Its design is based on the IF frequencies,
signal processing clocks, sampling clocks, etc.
Down Converter (Mixer): Down converter mixes the signal generated by the frequency synthesizer with amplified RF input (i.e.,
the output of preamplifier). Its output includes both lower and upper sidebands. Either one is used as IF frequency, and unwanted
sideband is rejected using a filter.
Intermediate Frequency (IF) Amplifier: The main functions of
IF amplifier includes, rejection of all unwanted frequencies, amplification of the amplitude of a selected frequency band (signal-
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plus-noise) to a level which is suitable for processing, convert IF
signal to baseband signal which is composed of in-phase (I) and
quadrature phase (Q) signals.

The digital portion of the
receiver contains a
number of estimators –
one for each satellite.

The digital portion of the receiver contains a number of estimators – one for each satellite. Each estimator contains code and
carrier tracking loops to track the signal parameters of a satellite.
Especially, a carrier tracking loop uses feedback to estimate the
Doppler frequency of the received carrier and may also estimate
the phase of the received carrier. A delay locked loop uses feedback to track the arrival time of the spread spectrum code.
Signal Processing Unit: Essential functions of the signal processing unit are:
1. Splitting the signal-plus-noise into multiple signal-processing channels for signal-processing of multiple satellites simultaneously.
2. Generating the reference PRN codes of signals of diﬀerent satellites.
3. Acquiring the satellite signals.
4. Tracking the code and carrier of the signals.
5. Demodulating system data from the satellite signals.
6. Extracting the code phase (pseudorange) measurements from the
PRN code of satellite signals.
7. Extracting carrier frequency (pseudorange rate) and carrier-phase
(delta pseudorange) measurement from the carrier of satellite
signals.
8. Extracting signal to noise ratio (SNR) information from the satellite signals.
9. Estimation of GPS time.

Applications Processing Unit: Applications processing unit controls the functioning of the signal processing unit in a way that
satisfies application requirements. For diﬀerent applications, the
requirements are diﬀerent. After the successful processing of received signal with diﬀerent elements as explained above, the receiver computes its position using the trilateration method.
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3.2 Position Computation
Pseudorange is the range
measured between the
known satellite position
and the receiver by
computing the transit
time of the signal from
the satellite to the
receiver.

To fix the receiver position in 3D and to compute the time oﬀset between the transmitter and the receiver clocks, a minimum
of four pseudoranges measured from four diﬀerent satellites are
needed. Pseudorange is the range measured between the known
satellite position (Xsat , Ysat , and Zsat ) and the receiver by computing the transit time of the signal from the satellite to the receiver.
It is a sum of true range (R) and time oﬀset between the satellite
and the receiver clocks (Δt0 ). The pseudoranges (ρ1 ) measured
for four diﬀerent satellites (i= 1, 2, 3, and 4) are defined as:
(2)
ρi = Ri + cΔt0

ρi = (Xsat i − Xuser )2 + (Ysat i − Yuser )2 + (Zsat i − Zuser )2 + cΔt0
(3)
where, ‘c’ is the free space velocity of electromagnetic signals
(3 × 108 m/sec). User position in 3D (Xuser , Yuser , and Zuser ) and
a time oﬀset (Δt0 ) can be obtained by simultaneously solving the
four non-linear equations.

3.3 Signal Structure
GPS satellites transmit signal on two L-band carrier frequencies
L1 (1575.42 MHz) and L2 (1227.60 MHz). Each signal (SL1
and SL2 ) consists of three components, namely, carrier, navigation message, and PRN code.

S L1 (t) =




2P pC p (t) d(t) cos (ω1 t) + 2PC/ACC/A (t)d(t) sin(ω1 t)
(4)

S L2 (t) =

2P pC p (t)d(t) cos (ω2 t),

(5)

where,
C p and CC/A = precision (P) and coarse acquisition (C/A) codes
of 10.23 MHz and 1.023 MHz
P p and PC/A = P and C/A code powers
d(t) = navigation message of 50 Hz
ω1 and ω2 = angular frequencies of L1 and L2.
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Figure 3.

GPS signals

spectrum.

Signal

Frequency

Received Nominal Power

Bandwidth

Chiprate

Symbol Rate

(MHz)

(dBW)

(MHz)

(Mcps)

(Sps)

-158.5

20.46

1.023

50

-157.0

24.0

1.023

100

L1C/A
1575.42
L1C
L2C

1227.60

-157.3

20.46

1.023

50

L5

1176.45

-157,9

24.0

10.23

100

Table 2. Specifications of
In GPS modernization program, existing signals are improved.
Also, a new civilian signal on L-band is introduced to provide signal redundancy, improved positional accuracy, signal availability,
and system integrity. The spectrum of all GPS signals is as shown
in Figure 3.

GPS civilian signals.

Among all, four signals, namely, L1C/A, L1C, L2C, and L5 are
the civilian signals. The important specifications of the signals
are presented in Table 2.

3.4 Errors
GPS signals are aﬀected by several errors. These errors limit
the accuracy of the system by introducing bias in measurements
(code-based and carrier-phase measurements). GPS errors are
broadly classified into three types, namely, satellite-based errors,
propagation medium-based or atmospheric errors, and receiverbased errors. Further, each error is classified into several errors
(Figure 4). Some errors can be removed, and others can be reduced. Among all, the most significant error is the ionospheric
error.
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GPS signals are aﬀected
by several errors which
limit the accuracy of the
system by introducing
bias in code-based and
carrier-phase
measurements.
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4. Other GNSS Systems
Successful and uncountable applications of GPS motivated the
nations all over the world to have their own GNSS systems. As a
consequence, other GNSS systems such as GLONASS, Galileo,
and Compass came into the picture. India has also developed
its own satellite navigation system called the ‘Indian Regional
Navigation Satellite System’ (IRNSS), with a limited service area
which includes Indian subcontinent and its surroundings.

4.1 GLONASS
GLONASS is a
satellite-based
navigation system
providing global PVT
information to a properly
equipped user.

GLONASS is the second operational GNSS, which is maintained
by Russia’s Ministry of Defense. In 1988, at a meeting of the International Civil Aviation Organization, the Russian government
announced the free use of GLONASS signals worldwide. Similar
to GPS, GLONASS is a satellite-based navigation system providing global PVT information to a properly equipped user. Its
constellation consists of 24 satellites in three orbital planes at an
altitude of 19,100 Km from the Earth’s surface with a corresponding orbital period of 11 h 15 min. It has an orbital inclination of

Figure 4.

Prominent errors aﬀecting the positional
accuracy of GPS.
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64.8o which has a significant impact on operations at high latitudes. Each satellite transmits two carrier frequencies on the
L band (L1 and L2). The range of L1 band is from 1602.5625
MHz to 1615.5 MHz in jumps of 0.5625 MHz, while L2 is from
1246.4375 MHz to 1256.5 MHz in jumps of 0.4375 MHz (i.e.,
24 channels are generated for each of L1 and L2). Each of these
signals is modulated by 5.11 MHz precision signal or 0.511 MHz
C/A signal. Currently, GLONASS is fully operational with 24
satellites.

4.2 Galileo
Galileo is one of the GNSS by the European Space Agency (ESA)
and the European Commission. Galileo system will be a a global
navigation satellite system under civil control. Its constellation is
planned with 30 satellites of which three are spare at an altitude
of 23, 222 Km from the Earth’s surface. For ensuring good coverage of polar latitudes up to 75o N and beyond, an inclination of
56o is chosen for the orbits. The architecture of Galileo will consist of Galileo control centers (GCC), a global network of twenty
Galileo sensor stations (GSS), five S-band uplink stations, and ten
C-band uplink stations. It is designed to provide services such as
global search and rescue (SAR). It will be interoperable with the
US system of GPS satellites. Galileo will be used in all modes of
transportation for navigation, fleet and traﬃc management, tracking, surveillance, and emergency systems.

Galileo is one of the
GNSS by the European
Space Agency and the
European Commission
under civil control. Its
constellation is planned
with 30 satellites.

4.3 Compass
Compass is the Chinese satellite-based navigation system separated into two phases, namely Beidou-1 and Beidou-2. The second one is usually called Compass. Compass is the fourth worldwide GNSS constellation, composed of a total of 35 satellites
which includes five geostationary, three highly inclined geosynchronous, and 27 MEOs in three orbital planes at an altitude about
21, 528 Km. The orbital plane’s inclination with the equator is
55o . Unlike other systems, the ranging is carried out through the
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bidirectional link by measuring the time taken for the signal to
reach the receiver and then return to the satellite.

5. Indian Regional Navigation Satellite System (IRNSS)
India has been aspiring to have its own satellite-based positioning
and navigation system for defense and civilian applications. To
fulfill this, the Indian Space Research Organization (ISRO) developed the concept of an independent regional satellite navigation
system, which provides service only to a particular region.
The Indian Regional Navigation Satellite System (IRNSS) has
been implemented by ISRO to provide navigation services with
an accuracy better than 20 m. IRNSS service area has been specified between 40o E to 140o E in longitude and ± 40o in latitude
(i.e., India and 1500 Km beyond it). It provides single and dualfrequency services with L-band and S-band signals.

5.1 Architecture and Operating Principle
The Indian Regional
Navigation Satellite
System (IRNSS) has
been implemented by
ISRO to provide
navigation services with
an accuracy better than
20 m.
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Like GNSS systems, the architecture of IRNSS also comprises
three segments, namely the space segment, the ground segment,
and the user segment (Figure 5). The functioning details of each
segment is as follows.
(a) Space Segment
Studies were carried out to finalize the number of satellites in
a constellation to have a continuous visibility of minimum four
satellites from anywhere in India. The suggested space segment
consists of seven satellites of which three are in geosynchronous
equatorial orbits (GEO) at the longitude of 34o E, 83o E, and
132o E. The remaining four satellites are in two geosynchronous
(GSO) planes with an inclination of 29o to the equatorial plane
and longitude crossings at 55o E and 111o E. The phase of the orbital planes is 180o , and the relative phasing between the satellites
in the orbital planes is 56o (Figure 6).
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Figure 5. Architecture of
IRNSS.

Figure 6. Constellation of
IRNSS Satellites.

(b) Ground Segment
The ground segment takes care of the operation and maintenance
of the IRNSS constellation. It consists of nine IRNSS TTC2 and
uplinking stations, two spacecraft control centers (SCC), two navigation centers (INC), seventeen range and integrity monitoring
stations (IRIMS), two timing centres (IRNWT), six CDMA ranging stations (IRCDR), and data communication links.

2 Telemetry,

Tracking,

and

Command.

(c) User Segment
Various types of receivers are planned with single (L-band) and
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Table 3. Frequency planning of IRNSS.

S.No

Signal

Carrier Frequency
(MHz)

Bandwidth
(MHz)

1

SPS-L5

1176.45

24

2

RS-L5

1176.45

24

3

SPS-S

2492.028

16.45

4

RS-S

2492.028

16.5

dual- frequency (L and S-band) reception. For receiving the IRNSS
signals, a specially designed antenna and receiver configurations
are required. Single-frequency receivers get ionospheric corrections from the space segment.

5.2 IRNSS Services
IRNSS provides two
types of services, namely
the ‘standard position
service’ (SPS) and the
‘restricted service’ (RS).

IRNSS provides two types of services, namely the ‘standard position service’ (SPS) and the ‘restricted service’ (RS). While SPS
is open for all the users with binary phase shift keying (BPSK)
modulated signals, RS is only for authorized users using binary
oﬀset coding (BOC) on L and S-bands. The frequency planning
of IRNSS is given in Table 3.

6. Free Space Path Loss for GNSS Signals
Since all the GNSS and IRNSS satellites broadcast signals from
a great height (∼20,200 Km and above) there is a significant loss
due to the free space along the signal path. The free space path
loss is a function of two parameters namely frequency and distance. The path loss for various GNSS signals are compared in
Table 4.
From the table, it can be seen that the minimum and maximum
values of path loss are 179.93 dB and 191.4571 dB for GLONASS
L2 (1246.4375 MHz) and IRNSS S-band (2492.028 MHz) signals
respectively. Therefore, IRNSS satellites should transmit signal
(S-band) with a high power compared to other signals to have the
required SNR at the receiver.
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System

Frequency

Distance

(MHz)

(Km)

L1=1575.42
GPS

182.4550
20,200

L2=1227.60

180.2882

L1=1602.5625–
1615.5

182.1170–182.1868

GLONASS

19,100
L2=1246.4375–
1256.5
E1=1587–1591
E2 = 1559–1563

Galileo

179.9341–180.0039
183.7295–183.7514
183.5749–183.5972
23.222

E5=1164–1214

181.0371–181.4024
181.7254–181.9969

E6=1260–1300
Compass

Path Loss
(dB)

B1=1561.098
B2=1207.14

21,528/35,786

B3=1268.52
IRNSS

182.9287 187.3429
180.6952 185.1094
181.1260 185.5402

36,000
L5=1176.45
S=2492.028

184.9375
191.4571
Table 4. Free space path

7. GNSS Augmentation Systems
The most important real life safety application of GNSS is in civil
aviation, where GPS / GNSS technology is used for aircraft
landing. But, standalone GPS cannot meet the RNP3 requirements
(accuracy, availability, continuity, and integrity) of CAT-I4 (16 m
horizontal and 6 m vertical accuracy). Precision approach (PA)
for the landing of aircrafts is prone to several errors. The required
RNP parameters of CAT-I PA can be achieved by the augmentation of GPS. Augmentation provides additional information to
the user for enhancing performance in terms of availability, accuracy, reliability, and integrity. Depending on the additional information broadcasting element location, there are three types of
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loss for various GNSS signals.

3 Required Navigation Performance (RNP), is a technique
which allows aircrafts to fly
along the predefined path using on-board navigation systems and GPS.
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Table 5.

GAGAN error

budget.

S.No
1
2
3
4
5
6
7
4 A precision instrument approach and landing with a decision height not less than 200
feet (60 meters) and with either a visibility of not less than
800 meters or a runway visibility range of not less than 550
meters.

Error Source
Space and Control Errors
Ionospheric delay
Tropospheric delay
Receiver noise + Multipath
UERE
Horizontal accuracy (95%)
Vertical accuracy (95%)

I-Sigma Error (m)
GPS
GAGAN
3.0
0.65
25
0.50
3.0
0.20
0.5
0.5
26.0
1.0
80.0
3.0
105.0
4.0

augmentation systems, namely satellite-based augmentation system (SBAS), ground-based augmentation system (GBAS), and
aircraft-based augmentation system (ABAS). The first SBAS of
GPS is the wide area augmentation system (WAAS) of USA.
Later, India and other nations also developed their own SBAS
systems like WAAS. A detailed description of Indian SBAS, GPS
aided geo-augmented navigation system (GAGAN) and a brief
description of GBAS are presented in the following section.

7.1 GAGAN
The most important real
life safety application of
GNSS is in civil
aviation, where GPS /
GNSS technology is
used for aircraft landing.
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GAGAN is an Indian SBAS. It is a joint project of ISRO in collaboration with the Airports Authority of India (AAI). GAGAN
transmits signals to both aeronautical and civil users. The signals
follow the International Civil Aviation Organization (ICAO) standards and recommended practices (SARPs) as established by the
GNSS panel. GAGAN provides augmentation service for GPS
over the Indian subcontinent, Bay of Bengal, South-East Asia,
and the Middle East expanding up to Africa. It fills the air navigation service gap between European geostationary navigation
overlay service (EGNOS) and multi-functional satellite augmentation system (MSAS) of Japan. GAGAN aims at reducing the
user equivalent range error (UERE) from 26.0 m to 1.0 m and
horizontal and vertical accuracies (95%) to 3.0 m and 4.0 m respectively which is suﬃcient for the CAT-I precision approach
(Table 5).
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Architecture and Operating Principle
The complete architecture of GAGAN system consists of fifteen
Indian reference stations (INRES), three Indian navigation land
uplink stations (INLUS), three Indian master control centres (INMCC), three geostationary satellites, all associated software and
communication links. The locations for installing INRES, INLUS, and INMCC was finalized by conducting a survey and study
carried over the India. Each INRES consists of two independent
dual frequency GPS receivers and an atomic frequency standard
which is helpful in maintaining a common time. The communication link between INRESs and INMCC are fiber optic links except
for Port Blair which is connected via satellite link. GAGAN has
been implemented in two phases namely ‘technology demonstration system’ (TDS) phase and ‘final operations phase’ (FOP). The
realization of TDS involved following tasks and was completed
in the year 2007.
1. Development of eight INRES.
2. Establishment of an INLUS.
3. Establishment of a INMCC.
4. Establishment of twenty TEC stations and study of the Indian
ionosphere behavior.
5. Establishment of communication links between INMCC, INRES,
and TEC stations.
6. Fabrication of indigenous navigation payload and putting geosat
in an appropriate geostationary slot.
7. Integration of ground elements to GEO satellites, broadcast of
GAGAN signal in space and validation.

The architecture of GAGAN TDS phase is as shown in Figure 7.
The widely separated INRES which are located in various parts of
India receive signals coming from both the GPS and geostationary satellites in view. They forward the same to the INMCC to
compute diﬀerential corrections and residual errors for each monitored satellite at predetermined ionospheric grid points (IGP).
INMCC sends information (corrections and errors) to INLUS.
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Figure 7. GAGAN TDS
phase architecture.

INLUS uplinks the corrections to the GAGAN geosatellites along
with navigation message on S-band frequency. The same is downlinked to the users on two L-band GPS like signal (L1 and L5) to
improve the accuracy, availability and to provide integrity. INMCC and INLUS are collocated at Bangalore.
GAGAN FOP was started in 2009 and completed the RNP 0.1
certification process on 30 December 2013. Currently, it is fully
operational. Some of the important objectives of this phase are as
follows,
1. To provide a certified satellite navigation system for all phases of
flight by augmenting TDS suitably.
2. To develop suitable regional model for ionospheric time delay
error.

1172

RESONANCE | December 2017

GENERAL ARTICLE

3. Get safety certification from the Director General of Civil Aviation (DGCA), the regulatory authority of India for using civil
aviation applications.
However, accuracies required for CAT-II and CAT-III precision
approach are not fulfilled by the SBAS services. To meet CATII and III precision approach requirements, a new augmentation
system called GBAS is proposed.

7.2 Local Area Augmentation System (LAAS)
The US GBAS system is known as the local area augmentation
system (LAAS). LAAS is designed to provide augmentation information to the airborne users within a distance of 45 Km in an
airport. Its architecture consists of satellite subsystem, ground
subsystem, and airborne subsystem. Satellite subsystem provides
ranging signals. Ground subsystem computes diﬀerential corrections and broadcasts using VHF data broadcast (VDB) in the frequency band 108 MHz – 117.975 MHz. The airborne subsystem
comprises aircraft equipment, which is used to receive and process LAAS/GPS signals to improve position estimates.

Local area augmentation
system is designed to
provide augmentation
information to the
airborne users within a
distance of 45 Km in an
airport.

8. Conclusions
This article covered the detailed description of GPS (USA) including various segments, operating principle, signal structure,
and error sources. Other global satellite navigation systems such
as GLONASS (Russia), Galileo (European Union), and Compass
(China) were discussed and free space path loss for the operating frequencies were compared. Further, architecture and operating principle of IRNSS has been discussed in detail. The article also highlights the development of augmentation systems to
enable standalone GPS to meet the required level of RNP parameters for category- I, II and III precision approach. A detailed
description of Indian GAGAN is presented. GAGAN is fully operational and enables flight information region (FIR) over India
and its surroundings for precision aircraft navigation with suitable equipment.
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