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Where does the world go?

Å ILS (1940s) ïInstrument Landing System

ï >3000 installations worldwide (1500 in USA), ~100 CAT III installations

Å MLS (1970s) ïMicrowave Landing System

ï A very few installations still in use (Heathrow, Taiwan),                        
some military applications

Å SCAT-I (2007 - ) ïSpecial CAT I

ï Landing system based on differential GPS signals

ï Being deployed at regional airports in Norway

Å GBAS (20xx) ïGround Based Augmentation System

ï The ICAO standard for satellite landing systems

ï Presently for CAT I ïwill be expanded for CAT II/III in 
the SESAR project

Å SBAS (WAAS/EGNOS) (2003-) ïWide Area Augmentation System

ï Per March 11. 2010: 1980 LPV procedures available (LPV=Localizer 
Performance with vertical Guidance, 200-250 ft minima)



Eurocontrol roadmap



Eurocontrol roadmap

Å 2008-2015

ï ILS the prime source for approaches and landings

ï CAT I GBAS/GPS will become more available ïbut limited deployment

ï Towards end of period: GAT II/III GBAS/GPS may become available

ï Runways currently not equipped with Precision Approach equipment may 
consider CAT I SBAS or GBAS

Å 2015-2020

ï ILS still the prime source for approaches and landings

ï SBAS may provide CAT I approaches at a number of airports for equipped 
airlines

ï Multiconstellation/multifrequency GBAS may start to become available 
towards the end of the period

Å 2020 -> 

ï ILS will still be widely used but the market will decrease

ï SBAS will cover some CAT I approaches

ï GBAS CAT I/II/III equippage will increase both on ground and in air



Why move to GBASé.?

Å Can provide precision approaches on runways where this is not 
feasible with ILS -> Improved safety

Å Can reduce separation on busy airports (no ILS sensitive areas) -> 
Improved Capacity

Å Can provide flexible approach patterns -> Fuel savings and noise 
abatement

Å Can relieve the frequency congestion in the ILS band -> A 
significant issue in central Europe

Å Can provide a high number (20-40 depending on manufacturer 
architecture) of approaches to an airport using only one cabinet.

Å Lower maintenance cost (in particular related to flight inspection)

Å Can provide world wide coverage



Northrop Grumman Park Air Systems

Å Company established in 1918

Å Manufacturer of ILS since 1970

Å More than 900 ILS sold worldwide

Å The largest exporter of ILS

Å Implemented in all parts of the 
world, under varying climatic and 
environmental conditions

Å Designed and implemented SCAT-I in use by Avinor/Widerøe

Å Complete supplier of Communication, Navigation and Surveillance 
equipment



ÅSCAT- I ground stations are 
being installed at up to 25 
airports in Norway

Å2 operational, 6 more 
installed

Å Increasing the safety level on 
sites where ILS is difficult or 
infeasible to install

ÅProviding CAT I integrity and 
continuity on sites where 
CAT I has previously not 
been achievable due to 
terrain constraints

Status SCAT-I in Norway



SCAT-I - Functionality

Å Ordinary òInstrument Approachò 

Å Uses the same Cockpit-instruments as ILS

Å CAT-I Specifications:

ïContinuity: 1 Å 10-4 per approach

ïIntegrity:    1 Å 10-7 per approach

ï200 ft minima

Å 95-100% availability, depending on terrain and latitude

Å VHF link (VOR band)

Å Coverage 20 nm +



GBAS/SCAT-I concept

Integrity 
Monitor 
Subsystem

VHF 
Receiver

GPS 
Reference 
Subsystem

VHF 
Transmitter

GPS 
Receiver

GPS 
Receiver

Calculate 
corrections

Calculate 
corrections

Exchange and 
compare data

Compare RX 
with TX data

Corrections 
and
FAS data

GPS 
Receiver

GPS 
Receiver



Å Interoperability (all avionics are approved with all ground stations)

Å GBAS allows higher VHF power level

Å GBAS supports up to 4 GPS receivers, whilst SCAT-I has two

Å GBAS has larger integrity allocation for ionospheric storm conditions 
=> requires antennas more resistant to multipath

Differences between SCAT-I and GBAS



Parameters transmitted (GBAS)

Å Pseudorange and range rates per satellite in view

Å Approach Paths (max 30 for current station)

Å Integrity data

ï Estimated error in correction data

Å Availability

ï Predicted time each satellite is available

Å GBAS related data

ï Configured data characterizing the site 



Alarm limits and protection levels

ÅAvionics receive an estimate of current errors from 
ground station
ÅAvionics calculate a corresponding estimate based on 

own satellite signals
ÅAvionics calculates Vertical and Lateral Protection 

Levels (VPL/LPL) 

ÅVPL/LPL is an estimate of the 
Navigation System Error (NSE) with a 
certain confidence (0.5 E-7 per 
approach)

ÅThis confidence is the probability that 
the actual error exceeds the estimated 
error
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Satellite based landing systems

System Performance Comment

SBAS/WAAS/EGNOS ñNear CAT-Iò

SCAT-I CAT-I some limitations

GBAS/LAAS CAT-I,II,III
under development and 
standardization



MSAS

ÅControlled by 
Japan

ÅFuture roll-
outs in 
Thailand and 
Philippines

ÅNEC 
Corporation 
Prime

EGNOS

ÅRIMS-C 
integrity 
channel

ÅThales 
Avionics Ltd. 
Prime

ÅOperational 
2010

SNAS

ÅChinese 
government 
program

ÅFuture 
updates 
anticipated

WAAS

ÅOnly GPS used 
in WAAS 
network

ÅRaytheon 
Prime

Satellite based Augmentation Systems - SBAS

GAGAN

ÅIndian 
government 
program

ÅPlanned 
operational 
2011


