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ESA Iris Programme: activities status 

1.  What is the Iris Programme? 
2.  Requirements and hypotheses 

3.  Current studies status & next steps 
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ESA Iris Programme 
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ESA Member States: 
•  Austria, Belgium, Czech Republic, Denmark,
 Finland, France, Germany, Greece, Ireland, Italy,
 Luxembourg, Norway,  
the Netherlands, Portugal, Spain, Sweden,
 Switzerland and the United Kingdom. 

•  Canada takes part in some projects under a
 cooperation agreement. 

•  Hungary, Romania and Poland are European
 Cooperating States. 

•  Estonia and Slovenia have recently signed
 cooperation agreements with ESA. 

Purpose of ESA: “To provide for and promote, for exclusively peaceful
 purposes, cooperation among European states in space research

 and technology and their space applications.” 
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ESA’S ‘CATALYST’ ROLE  

ESA is responsible for R&D of space
 projects. On completion of qualification,
 they are handed to outside entities for
 production and exploitation. Most of
 these entities emanated from ESA. 

Meteorology: Eumetsat 

Navigation: Galileo (with EU) 

Launch services: Arianespace 

Telecommunications: Eutelsat and Inmarsat 

ESA’s role in creating operators 
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 Dedicated ESA programme to support SESAR under the umbrella of  
ESA’s Telecommunication programme (ARTES), named “Iris”:  
–  Commitment of ESA Member States in Sept. 2007 
–  Definition Phase (Phase 1) completed in Jan. 2009  
–  Development Phase (Phase 2) approved by ESA Member States in 

Nov.2008, with funding committed for Phase 2.1 until 2011 

12 Participating States: 
Austria, Czech Republic, France, Germany 
Ireland, Italy, Norway, Portugal, Spain, 
Switzerland, UK  +  Luxemburg (joined 24 Nov.09) 

Why “Iris” ?  
In Greek mythology, Iris is the personification of  
the rainbow and messenger of the gods 

ESA Iris Programme:                   
 Satellite communications for ATM  
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Stakeholders in Iris activities  

Aeronautical
 stakeholders 

  Advice and further
 requirements  

incl. ANSPs, Airspace Users,
 Eurocontrol, EASA, ICAO,

 EUROCAE… 

 Raise
 awareness 

Requirements 

Iris programme contractors 

Aerospace Aerospace &
 Telecom R&D

 institutes 
Telecom  

Iris programme activities 

European industry Non-commercial 

ARTES 10 
 funding 

Iris
 Participating

 States 
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•  User requirements are being defined by SESAR JU 
•  ESA translates them into system requirements, carries out design,

 development and verification 
•  SESAR will carry out the service validation end-to-end 

Iris Programme: 
Requirements and engineering V-cycle                     

Iris Programme 

User 
requirements 

Service 
validation 
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Requirements and hypotheses for the system design 
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Work carried out during Iris Phase 1 

Demonstrate the feasibility of meeting requirements: 
  Define options for designing a new communication system 

o  Analyse requirements 
o  Define options for communication protocols 
=> Identified design drivers + proposed preliminary design 

  Deduce requirements for the satellite system (i.e. Infrastructure options): 
o  Service provision and governance model 
o  Options for satellite system architecture and deployment  
o  Business case 
o  Validation: define required subset of the architecture to be financed by ESA 
=> Identified options  

  Support frequencies allocation 
o  Contribute to estimates of aviation spectrum requirements (prepare ITU WRC12) 



11 European AOC Centre  

Airport 
network 

Airport Terminal Manoeuvering Area / En-route           
(continental area: dual link ) 

Oceanic, Remote & Polar 

Future terrestrial 
network 

System Wide Information Management (SWIM) Satcom 

European Air Traffic Control Centre  

Login (no traffic) 

Satellite Communications services in SESAR 
Continental airspace + oceanic 
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Possible extensions of
 coverage considered in
 Iris studies: 

- Visible Earth from GEO
 orbit 

- Northern latitudes areas
 by agreement with other
 countries operating HEO
 satellite systems 

Service Provision requirements:
 geographical area  

 Iris focus on SES/ECAC service area but the communication system is foreseen to
 become a worldwide standard (ICAO standardisation) so that other world regions
 could implement compatible systems using the very same terminals on-board aircraft 
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Information throughput requirements: 
ATS and AOC messages as in COCRv2  

Communication pattern (ATS & AOC 
messages cf. COCR) of all aircraft 
flying simultaneously is combined to 
derive the Information throughput 

Air Traffic density in 2025             
(cf.Eurocontrol Long Term Forecast) 

Aircraft fleet Communication traffic model 
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Requirements for user terminals design 

•  Mobile link in L-band  
–  Mature, reliable, proven equipment  
(e.g. no cause of interference) 
–  Low cost 

•  Key assumptions 
–  Use omni-directional aircraft antennas (suitable for all IFR aircraft) 

•  Low power consumption, highly reliable, low drag 
–  No forced air cooling required 

•  Power limited at 40 to 60W 
 => Considering cable losses, AES EIRP likely < 13,5dBW   

–  Co-primary means of communication 
•  Software certification probably at level C 

–  User terminal developed for airliners but also General Aviation (i.e. 
business jets, rotorcraft, etc) 

•   Probably at least two types of user terminals 
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Communication System Design: 
  Communication protocols to be designed to support COCR ATS & AOC 

applications and operate with different types of satellites (GEO, LEO, 
HEO) so that interoperability between operators is possible 

  The design should be such that ICAO acceptability criteria can be met 
  The spectrum used should be minimised 

Analysis and Definition of the Satellite System: 
  Dependability issues (esp. availability) are the main design driver 
  Payload antenna size and power are driven by ATS/AOC applications 

requirements 
  Need to define a subset of the infrastructure required for validation 
  Costs trade-off points towards a GEO solution, but Nordic countries 

request for high-latitude coverage led to consider complementary 
capacity from 3rd party satellites in Highly Elliptical or Low Earth Orbit. 

Service provision: 
  Role of SESAR Joint Undertaking, as system architect, to define the 

system architecture and deployment process 

Requirements driving the technical design  



16 

  Coordination of a common position regarding AMS(R)S spectrum 
among European and National Frequency Management offices 
  Support activities to seek a European consensus and establish 
extra-European alliances within ITU 

Iris Phase 1: Regulatory activities  

Activities: 
ESA participates in ICAO Working 
Group F and ITU Working Party 4C 
activities, which aim to prepare 
WRC12 agenda item 1.7 on 
AMS(R)S with estimates of spectrum 
requirements 

Aviation 
communication

 needs 

Satellite
 system

 parameters 

Methodology to
 derive AMS(R)S

 spectrum
 requirements for
 WRC-12 A.I. 1.7 

Total bandwidth
 requirements for

 AI 1.7 
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Studies status & next steps 
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ANTARES System Design Phase B study 

Aircraft terminal 
Preliminary Design 

Rx
Tx

Ctrl
PWR

Ant
Diplexer

LNA

HPA
Up/Dwn Cvtr

MODEM
Base-Band Unit

Outside

Inside

Avionic Bay

 Develop 
Aircraft 

terminals    
(with industry) 

Satellite 
System  

Preliminary 
Design 

Specifications 

Satellite system 
Phase C/D/E1 

in Iris Phase 2.2 

Who operates what? 

Who procures what?  

Financing scheme?... 

(+) Partnership proposal of 
each team for Iris Phase 2.2 

Com. 
System  

Preliminary 
Design 

Specifications 

...011010      
1001010..  

ICAO  
Standardisation 

(by SJU/EC)  

3 Satellite System 
Operations studies 

Service provision + 
Business case model 

3 study teams 

EATMS  

Iris activities: 2 approaches considered 

Use Inmarsat Satellites 
and SwiftBroadband 

Safety protocols            
(to be standardised) 

Interactions  

Purpose-built system and open service model  Modified commercial 
system  

THAUMAS study 

SwiftBroadband 
Safety system 

Preliminary 
Design 

Specifications 

...011010      
1001010..  +  

SBS Com. 
System  

Satellite 
System  
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Aim: design a purpose-built system for ATM communications via satellite 

Industrial team 
  Thales Alenia Space Italy as Prime, plus 22 companies from 

aeronautical, telecom and space industry (incl. Thales Avionics, 
Honeywell, INDRA, Frequentis, Airtel) 

Tasks: 
  Communication system design (i.e. protocols) 
  End to end satellite system design  
  Verification Testbed for the communication system  
  Define the subset required for system validation 
  Prepare industrial Phase C/D/E1 

Status: 
  Study Kick-Off on 5 Nov. 2009 

System Design Phase B: “ANTARES” study 
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Rationale for the study  
•   ESA’s involvement in development and deployment of the satellite

 system of the EATMS will cease by 2016. 
•   Roles and responsibilities of entities involved in service provision shall be

 defined by SJU and the EC, and is beyond the mandate of the Iris
 Programme. However, early involvement of potential operators/service
 providers is the best way to ensure future suitability of the system design
 for the intended purpose. 

•   Parallel contracts in order not to prevent competition from the start  

3 Industrial Teams 
  SIRIO study: Telespazio, Hispasat, Egis Avia and NATS – Kick-off 14 Jan.10 
  OPERA study: SITA and SES Astra – Kick-off 15 Jan.10 
  3rd potential study is under negotiation 

Results of the study will facilitate preparation of a collaboration framework 
between ESA and Satellite Operators & Service Providers for Iris Phase 2.2 

Analysis & Definition of Satellite 
System Operations  
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Aim: study feasibility of adapting Inmarsat Swift Broadband for safety 

Industrial team 
  Astrium France as Prime 
  Inmarsat and sub-contractors involved in SBB design 

Tasks: 
  Analysis of SESAR requirements 
  Analysis of modifications required to Inmarsat SBB system (esp. 

communication protocols and ground segment) 
  Interoperability with Inmarsat for any new protocol a key to worldwide 

operability 

Status: 
  KO of requirements analysis end Oct. 2009 – lasts until Feb.2010 
  Results to be used in preparation for next phase: 

  Definition of modifications required and costing 

“THAUMAS” study 
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SRR 

Sep.09 Jun.10 Sep.11 

ANTARES System Design 
Phase B 

THAUMAS study (Inmarsat) 

PDR 

Operations studies (x3) 

Other support studies (as needed) 

Iris Safety Board (Chaired by EASA) 

Aviation Focus Groups / Airbus support 

SESAR-Iris Change 
Control Board 

ESA Iris Programme:                            
 Calendar Iris Phase 2.1 until 2011 
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ESA Iris Programme     
       

Franco.Ongaro@esa.int     
Nathalie.Ricard@esa.int     

ESA Iris System Design Studies 

Andrea.Santovincenzo@esa.int (System Engineer) 
Catherine.Morlet@esa.int (Communication System) 
Luigi.Bianchi@esa.int (Iris Safety Board) 
Tony Azzarelli (Regulatory / frequency matters) 

Documentation available via www.telecom.esa.int/iris 
                                                 

Iris - Contact Points 
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TECHNICAL ANNEX 
Communication system design and satellite system design 

Preliminary results of Iris Phase 1 analyses 
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Boundaries of Communication System Design 
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Multiple access scheme: options considered 

•  Forward link 
–  MF-TDM appears to be the best choice (offers more granularity and

 flexibility) 
–  CDM-based scheme could be envisaged 

•  Return link 
–  MF-TDMA 

•  With DAMA only (Demand Assignment Multiple Access) 
•  Or with a mix of DAMA and RA (Random Access) using efficient RA

 techniques such as CRDSA 
  (Conventional techniques such as S-ALOHA are rather inefficient
 and do not work well with more than 10-20% load while CRDSA
 performs with up to 50% load) 

–  A-CDMA using (Enhanced)-Spread Spectrum Aloha 
–  IDMA (Interleaved Division Multiple Access) using a simple RA scheme 
–  Other schemes like QS-CDMA or OFDMA require very precise

 synchronisation to be efficient which adds overhead wrt the other
 listed schemes 
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Example of a Multi-TDM/MF-TDMA scheme 

•  Example of carrier rates considered: 
–  Forward link: 64 kbps 

–  Return link: 36 kbps 

•  Distribution of carriers 
–  Among Ground Earth Stations (GES) 

–  Among satellite spot beams 

•  Forward link design: 

   Each GES is allocated a set of carriers and 

always uses the same carrier to address a given AES 

   Each AES can receive several carriers  

Different modulation and coding schemes have been envisaged 

~ 100 ms 

~ 50 B 

Example of framing structure with  
50 Bytes slots and 100 ms frames 
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Adaptive/Flexible framing 

•  Iris studies used a fixed encapsulation scheme at link layer 
•  A study from DLR proposed a flexible/adaptable technique like 

Generic Stream Encapsulation (new standardised technique in 
DVB) to reach efficiencies above 95% (vs 70-80% with fixed 
schemes) 
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Example of a MF-TDMA scheme on the  
Return link – types of time slots considered 

•  Log-on time slots 
–  To transmit log-on requests by the AES 

•  ACQ time slots 
–  To perform coarse synchronisation procedure 

•  SYNC time slots 
–  To perform fine synchronisation procedure 
–  To keep AES synchronous by periodic transmission 

•  Periodicity to be assessed (between 3 and 10 sec is suggested) 
•  TRAF time slots 

–  To transmit data from AES to GES 
•  Contention based access  
•  DAMA access 
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Physical layer options 

Baseline options 
•  Modulation 

–  QPSK and 8PSK on the forward link 
–  OQPSK or CPM on the return link 

•  Forward Error Correction (FEC) on forward and return links 
–  Turbo- codes  
–  LDPC 
–  Different code rates and frame/burst sizes envisaged. 
–  Different schemes may be used on the two links 

•  Scrambling 
–  Randomise transmitted data to reduce the power flux density 

•  Error detection 
–  Cyclic Redundancy Check (CRC) 

Adaptive Coding and modulation option: 
 At the centre of a satellite beam, there is margin in the link budget and  a more
 spectral efficient scheme can be used. Adaptive or variable coding and
 modulation is a proven technology in satellite design. The advantage is a
 reduction of the spectrum needed to transmit a same volume of information
 over the radio link 
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Support of voice communications 

•  Design approach: 

–  Packetized voice  

•  Specific Class of Service categories for voice traffic 

•  4.8 kbps vocoder as baseline.  

•  Is 2.4kbps possible? (TBD) 

–  Separated service and transport layers 

•  Support of adaptation functions 

•  Voice to be used a back-up only post 2020  

(i.e. datalink communications are primary means) 
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User terminal antenna: options 

•  Positioning 
–  Aircraft tail is the best location but already used by other systems 
–  Most likely option: elsewhere on the top of the fuselage  

•  Redundancy 
–  Two devices will likely be installed to meet availability requirements 

•  Installation and possibility of collocation of antennas 
–  Need to have powerful filters to isolate the systems 
–  These filters would increase the AES cost 

•  Interferences to be considered 
–  Need to avoid interferences with other antennas (e.g. with new

 LDACS terrestrial communication system) 
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User terminal: design options considered 

High power amplifiers: 
•  Advantages of non-linear amplifiers  

–  Lower cost, lower power consumption 
–  Increase the efficiency in the range of 60% 

•  Advantages of a MF-TDMA air interface on the return link  
–  It only uses a single carrier at any given time for transmitting  
–  Operations can be as close as possible to the saturation point 

Possible use of Software Defined Radio (SDR) technology 
•  Numerous advantages  (easy to maintain, develop, support, reduce

 size, increase availability, lower power consumption) 
•  BUT  software certification process needs to be defined 

Signal  
acquisition 

Data generation chain 
Data reception chain 

Software Defined Radio 
Analog to Digital Conversion 
Digital to Analog Conversion 

Frequency conversion 
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Critical parameters for the system design 

The size of the antenna  
for the return link is driven 

 by the user terminal peak rate 
⇓ 

Linked to application 
maximum acceptable delay 

In COCRv2 

The payload mass+power  
is driven by the capacity  

on the forward link  
i.e. the number of aircraft  

communicating 
simultaneously 
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Satellite System Architecture 

•  LEO, HEO or MEO based architecture were considered not cost
 effective, especially for European service provision, as the number of
 satellites required is larger than for a GEO-based system  

Baseline considered for the European ATM system:  

•  2 GEOs in hot redundancy to cover ECAC 
 - required to meet the target system availability  
 derived from COCRv2 requirements 
 - Replenishment: a 3rd satellite should be  
 operational by the time the availability is not met 

•  Interworking with non-GEO based solutions  
 will be considered as additional components  
 (e.g. HEO systems for Polar coverage) 
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Infrastructure deployment 

Pre-operational phase  

for Certification 
Operational System (2020) System validated (2015) 

Subset Space 
Segment 

Subset Ground 
Segment (2 GES, 
NMC, NCC) 

Test flights Deployment 

2015-2020+ 
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2009 2020 2011 

DESIGN CANDIDATE 
SYSTEM 

CHECKPOINT: 
- Choose Subset 
- Select Operator 

DEVELOP SYSTEM                     
& DEPLOY SUBSET 

mid-2014 

SYSTEM VERIFICATION 

Subset 
Payload  

ca. 2018 

Redundant  
Payload 

CERTIFICATION & FULL DEPLOYMENT 

mid-2015 

SYSTEM 
VALIDATION 

ESA ASSETS 
TRANSFER 

Iris Phase 2: 
DEVELOPMENT 

Iris Phase 3:       
TECHNICAL SUPPORT 

ESA Iris Programme:                            
 Calendar Iris & system deployment until 2020 

SESAR   DEVELOPMENT   AND   DEPLOYMENT   PHASES 


