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1 Introduction 

 
A key role of ESA in telecommunications is to promote a significant level of R&D activities to ensure the 
readiness and competitiveness of European industry in the short and long term. 
 
ARTES Element 5.1, short ARTES 5.1, is the Agency’s main programme for preparatory development of 
satellite communications, and it covers the long term R&D activities. ARTES 5.1 activities contain 
significant amount of industrial research and technical risk and are therefore fully funded.  
 
ARTES 5.1 is concerned with the early stages of development of systems and exploitation of new and 
promising technologies for satellite communications. In several cases the ARTES 5.1 activities are a 
continuation of a TRP activity. Within the TRP the components are developed and basic feasibility is 
demonstrated, while within ARTES 5 the equipments are developed to breadboard or engineering model 
level. The further development to a space qualified or industrialised product is supported within the co-
funded ARTES 3-4 element. 
 
Through ARTES 5.1, ESA sponsors the exploitation of new technologies into equipment such that in the 
long term the industry will be able to offer state-of-the-art equipment and systems at competitive prices. It 
encompasses activities related to the development of subsystems and equipment for satellite 
communications.  
 
The Workplan 2010 addresses specifically the Technology and Equipment activities in support of the 
activity lines defined in the Telecommunications Long Term Plan. The Workplan 2010 has been 
coordinated with other ESA technology programmes according to the end to end process described in 
ESA/IPC(2008)61, rev.1. The activities are organized per application area with System, Space Segment - 
Platform, Space segment - Payload, Ground Segment and Application and Services being the main areas. 
 
2 Distribution of Activities in the Workplan 2010 
 
The Workplan 2010 consists of in total 52 activities (including some carried forward from previous work 
plans). Priorities have been assigned to the activities to clearly identify those, which the Executive 
considers should be implemented without further discussion. The complete Workplan 2010 is presented in 
Annex 1 in tabular form. The descriptions of the activities in the Workplan 2010 are presented in Annex 2. 

Most of the activities are addressing the space segment for which the development of equipment using new 
technologies is connected with a relatively high risk in the early phases justifying the full funding offered 
by the ARTES 5.1 program. Developments related to user terminals tend to be relatively close to the 
market, hence the rather low number of such activities in the Workplan 2010. User terminal activities are 
well covered in the co-funded ARTES 3-4. 
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The System Networking/Protocols area covers networking and propagation. There are three activities 
related to communication networks with two covering mobile satellite services and one dealing with the 
next generation of 2-way VSAT consumer systems. There is also one activity in the area of propagation 
dealing with interference and frequency coordination analyses. 

The activities in the Space Segment-Platform area are divided into: platform-system and architecture, 
propulsion, AOCS, thermal, mechanical and power. The equipment developments are for geostationary 
satellite telecommunication platforms or LEO telecom constellations, but some of the equipments are also 
of potential use on other satellite platforms. 

 The activities in the Space Segment-Payload are divided into: antenna and repeater. The antenna related 
activities address in particular compact antennas thanks to smaller C-band feeds, frequency selective 
surfaces, zooming and steering capability and multiple spot beams with a single aperture antenna. The 
repeater activities address flexible, compact and high power filters, reduced footprint SSPA’s, EPC’s used 
in extended temperature range and a LNA to prepare the technology for Q/V band mainly for feeder link 
applications. 

Six activities are proposed for development of User Terminals. One activity looks at techniques to increase 
bandwidth for DTH applications, two look for cost reductions in user terminal antennas, two look at 
creating tools to aid in the development and test of user terminal antennas, and the last activity looks at 
innovative mechanisms for rapidly deployable antennas. 
 
3 Implementation 
 
Phasing: Phasing of the contractual activities may be considered depending on the risk associated with the 
developments, the maturity of the technologies and market perspectives. 
 
Parallel contracts: In accordance with the ARTES 5.1 Implementing Rules, parallel contracts will not be 
awarded in ARTES 5.1.  
 
Procurement Policy: The following procurement policies are foreseen for the proposed activities. The 
definition of the measures is according to ESA/IPC(2005)87,rev.4(*): 
 
 C: Activities in open competition without any further restrictions.  
 C1: Activities in open competition limited to non-Large-System Integrators (LSIs) as prime. LSIs are 

allowed to participate as sub-contractors. 
 C2: Activities are in open competition, where a significant participation of non-LSIs is requested. 
 C3: Activity restricted to SMEs & R&D organisations, preferably in cooperation. 
 C4: Activities in open competition, subject to the SME subcontracting clause. 
 (*) for full definitions please refer to text of this IPC paper. 

 
Priority: The Workplan 2010 consists of a number of activities assigned Priority 1 and a number assigned 
Priority 2. Activities assigned Priority 1 will be initiated on the initiative of the Executive. A planning for 
the issue of the invitation to tender as well as the duration of the activity is stated in the heading of the 
description of each activity in Annex 2. The planning will also be published on the telecom web site. 
 
Priority 1 activities, for which industry and Participating States show an interest, will be implemented 
without undue delay. Such interest can be notified directly to the ARTES-5.1 Programme Office. 
 
Priority 2 activities will only be initiated either: 

1. on the explicit request of at least one delegation; or 
2. on the initiative of the Executive following consultation of the JCB. 

 



Annex 1 
Page 1 

ANNEX 1 
SUMMARY TABLE FOR ARTES-5.1 ACTIVITIES IN WORKPLAN 2010 

 
Activity 

Ref.
Title Cost Priority

Cost (K€) 
(priority 1)

Cost (K€) 
(priority 2)

Proc. 
Policy

Intended 
Issue

SYSTEM/ NETWORK / PROTOCOLS
System, Networking and Management

3A.035 Tool for hybrid mobile broadcasting system performance analysis and network dimensioning 300 P1 300 0 C 2Q
3A.036 Security of broadband satellite systems for commercial and institutional applications 250 P1 250 0 C 2Q
3A.040 DVB-RCS NG support and verification test bed 450 P1 450 0 C1 2Q
3A.041 On ground beam forming networks and multi user detection proof-of-concept 1000 P1 1000 0 C1 2Q
3A.042 Hardware demonstrator for the satellite component of 4G  mobile systems (*) 1500 P2 0 1500 C n/a

subtotal 2000 1500

Propagation
3B.021 Development of miniaturised microwave ground radiometers for SatCom ground stations 400 P1 400 0 C1 2Q
3B.022 Physical-statistical models for mobile satellite communication systems below 10 GHz 250 P1 250 0 C1 2Q
3B.023 Propagation models for interference and frequency coordination analyses 300 P1 300 0 C3 3Q

subtotal 950 0

SPACE SEGMENT - GENERAL
Platform - System and Architecture

4A.035 Alternative bonding method for satellite thermal insulation multi layer foil 500 P1 500 0 C 3Q
4A.036 Demonstrator for transmission of discrete commands and housekeeping data via power bus (*) 500 P2 0 500 C n/a

subtotal 500 500

Propulsion System
4B.046 New process for low cost thrusters nozzle manufacturing 400 P1 400 0 C 2Q
4B.047 Development of a green monopropellant  reaction control thruster 1000 P1 1000 0 C 2Q
4B.048 High voltage, high current switch for electric propulsion electronics (*) 350 P2 0 350 C n/a
4B.050 Extendable thruster pointing mechanism (*) 1600 P2 0 1600 C n/a

subtotal 1400 1950

AOCS
4C.020 Attitude and orbit control systems based on electric propulsion 600 P1 600 0 C 2Q
4C.021 Deployable gossamer sail for de-orbitation (*) 200 P2 0 200 C n/a
4C.022 Usage of the solar array power signal for AOCS (*) 150 P2 0 150 C n/a

subtotal 600 350

Mechanical System
4E.020 Magneto Rheological Fluids Speed Regulator for Deployment of Large Appendages 400 P1 400 0 C1 2Q
4E.038 Development of a dry lubricated gear box 500 P1 500 0 C1 4Q
4E.039 Dry lubricated harmonic drive gears 300 P1 300 0 C1 3Q

subtotal 1200 0
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Activity 
Ref.

Title Cost Priority
Cost (K€) 
(priority 1)

Cost (K€) 
(priority 2)

Proc. 
Policy

Intended 
Issue

Power System
4F.050 Techniques for resolving thermal issues on shunt switches 350 P1 350 0 C1 4Q
4F.051 High voltage repeater module for EPC for increased temperature range 900 P1 900 0 C1 2Q
4F.052 Redesign to cost of solar array substrate using European carbon fibres (*) 1000 P2 0 1000 C n/a
4F.054 Improved high specific energy Li ion cell (*) 675 P2 0 675 C n/a

subtotal 1250 1675

SPACE SEGMENT - PAYLOAD
Payload - System and Architecture

5A.021 Payload resource planning and configuration tool (*) 400 P2 0 400 C n/a
subtotal 0 400

Antenna
5B.065 Multiple beam port-to-beam synthesis methodology and antenna architectures (*) 300 P2 0 300 C n/a
5B.081 Overlapping Ka-band multiple spot beams based on single aperture antenna 1500 P1 1500 0 C 3Q
5B.082 Low loss dual polarised frequency selective surface in Ku and Ka band 500 P1 500 0 C 3Q
5B.083 Compact C band feed assembly for single and multi-beam missions 750 P1 750 0 C 2Q
5B.084 Pointing and tracking system for Ku band reflector antennas 700 P1 700 0 C 3Q
5B.085 Zooming and steering antenna for satellites in high elliptical orbit 500 P1 500 0 C 2Q
5B.086 Artificial magnetic conductor antenna for the automatic identification system (*) 500 P2 0 500 C n/a
5B.087 Dual-gridded carbon fibre reinforced plastic reflector (*) 600 P1 600 0 C 2Q
5B.088 Passive intermodulation products test using near-field measurement techniques (*) 300 P2 0 300 C1 n/a
5B.089 Portable thermal box for antenna measurements (*) 350 P2 0 350 C1 n/a

subtotal 4550 1450

Repeater Equipment
5C.126 Solid state power amplifier with reduced footprint 600 P1 600 0 C 2Q
5C.127 Bandpass filter with in-orbit reconfigurable bandwidth 400 P1 400 0 C 2Q
5C.128 Compact Ku band channel filters for input multiplexers 450 P1 450 0 C 3Q
5C.129 High power Ka band output multiplexer 650 P1 650 0 C 3Q
5C.130 Dual redundant low noise amplifier for Q/V band applications 500 P1 500 0 C 3Q
5C.131 Compact high power S band output matrix (*) 450 P2 0 450 C n/a
5C.132 Frequency converters for Q/V band (*) 750 P2 0 750 C n/a
5C.133 AlN collectors for high-power Ka-band TWTs (*) 600 P2 0 600 C1 n/a

subtotal 2600 1800

TT&C and Data Handling
5D.016 Cryptographic processor for control of telecom processing payloads 700 P1 700 0 C 2Q
5D.017 Satellite Wireless Access point on launcher for monitoring of the passenger (*) 500 P2 0 500 C n/a

subtotal 700 500  
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Activity 
Ref.

Title Cost Priority
Cost (K€) 
(priority 1)

Cost (K€) 
(priority 2)

Proc. 
Policy

Intended 
Issue

USER TERMINALS
7-.006 Self-pointing, Planar Antenna for Television Reception (*) 1000 P2 0 1000 C1 n/a
7-.020 Direct To Home system demonstrator for high throughput multimedia applications 1200 P1 1200 0 C2 3Q
7-.021 Ultra rapid deployable antenna 500 P1 500 0 C1 2Q
7-.022 Characterisation of the mobile tracking needs 200 P1 200 0 C1 3Q
7-.023 Planar array active  antennas for mobile terminals 275 P1 275 0 C1 2Q
7-.024 Inkjet-printed circuit board technology for user terminal antennas 350 P1 350 0 C3 2Q
7-.025 G/T portable measurement tool (*) 350 P2 0 350 C1 n/a

subtotal 2525 1350
User Terminal Mobile

7C.015 ARGOS-3 satellite tags 2000 P1 2000 0 C 4Q
subtotal 2000 0

TOTAL (k€) 20,275 11,475

(*) Priority 2 activity  
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ANNEX 2 
 

ARTES 5.1 WORKPLAN 2010 
 
 
The activities are grouped into the following categories: 
 
1. SYSTEM/NETWORK/PROTOCOLS 
 

1.1 System, Networking and Management 
1.2 Propagation 

 
2. SPACE SEGMENT – GENERAL 
 

2.1 Platform – System and Architecture 
2.2 Propulsion System 
2.3 AOCS 
2.4 Thermal System 
2.5 Mechanical System 
2.6 Power System 
 

3. SPACE SEGMENT – PAYLOAD 
 
3.1 Payload – System and Architecture 
3.2 Antenna 
3.3 Repeater Equipment 
3.4 TT&C and Data Handling 

 
4. USER TERMINALS 
 

4.1   User Terminal Mobile 
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1. SYSTEM/NETWORKS/PROTOCOLS 
 

1.1 System, Networking and Management 
 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

3A.035 
(09.153.23) 

SW tool for hybrid satellite/terrestrial mobile broadcasting system performance analysis and 
network dimensioning 

Open Competitive Tender Type: C 300  2Q 2010 15 

Objective: To develop a software simulation tool for the assessment of hybrid satellite/terrestrial mobile broadcast system performance. This tool shall contain functions allowing designers to derive 
system performance (coverage, service quality, availability) and to support them in the system dimensioning and trade-off analysis (satellite and terminal characteristics, complementary 
terrestrial network deployment strategies). 

Description: System engineers in the terrestrial and the satellite industry have traditionally worked with distinctive system performance assessment tools adapted to their specific scenarios. The licenses for 
operation of hybrid satellite/terrestrial systems on the S-Band will be granted in Europe in the near future. In this scenario, there is a need to harmonise the way this system analyses are done 
and also to introduce new methodologies allowing to model the interactions between the satellite and terrestrial signals.  

Tools available for terrestrial network deployment are based on ray tracing or statistical models. The first allows obtaining an accurate picture of the power level obtained in a specific area as 
long as the environment is described with a high level of detail (building data bases). On the other hand, the statistical models do not require a detailed description of the environment but they 
only give a rough indication of the cell radius. Both methods give a probability of obtaining a certain power, but none of them take into account the physical layer behaviour in different 
mobile conditions. Similarly for satellite dimensioning, the link budgets give an indication of the signal to noise ratio in Line Of Sight conditions but they cannot conclude on how the physical 
layer behaves while moving under the satellite the coverage. The activity will provide a powerful system engineering design tool to satellite operators and industry planning the deployment of 
hybrid satellite/terrestrial systems.  

This tool shall build up on existing tools and methodologies and fill the gap by including realistic and flexible models of the physical and link layers of a hybrid system comprising of a 
terrestrial and a satellite component. Moreover, the tool shall allow deriving system performances over the areas where both satellite and terrestrial signals are present. This implies analysing 
aspects such as hybrid combining in SFN and MFN configurations, exclusion zones and intra system interference. It shall also contain realistic satellite antenna models in order to assess the 
overall coverage. The tool shall provide system performance information (percentage of coverage served with a target service quality, throughput, spectral efficiency, overall capacity) and it 
shall be able to convey this information both in a tabular and in a graphical way (displaying maps of the coverage). 

The tool shall be built with a modular approach and it shall be flexible enough to be able to model different hybrid systems scenarios in the short term using DVB-SH, which will be used as a 
baseline in this activity, and also in the long term including future evolutions of the air interface and satellite system architectures. The activity will also include a validation phase in which 
the tool results will be cross-checked against the experimental data extracted from different on going and planned campaigns such as Ortigia, J-Ortigia and any other additional data available 
(e.g.  from the DVB-SH validation task force). 

The final goal of the activity is to build a Software simulation tool and a methodology allowing operators to plan their hybrid network efficiently and guarantee the best frequency utilization 
and use of satellite and terrestrial component power resources. 
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Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

3A.036 
(09.153.24) 

Security of broadband satellite systems for commercial and institutional applications Open Competitive Tender Type: C 250 2Q 2010 12 

Objective: To perform a security risk analysis on current and future broadband satellite systems used for commercial and institutional applications and derive system security requirements; to propose 
and define appropriate network security measures; to validate new security protocols through simulations or emulations; to define a generic security architecture; to provide recommendations 
for standard evolutions. 

Description: Interactive broadband satellite systems may encounter several types of threats e.g. data communication eavesdropping, satellite system signalling spoofing. The integration of security 
countermeasures is therefore seen as a major system requirement for institutional as well as commercial systems. Today some security solutions may be used, however they are not always 
adapted to satellite networks (e.g. end-to-end IPSec is not compatible with PEP) and are far from addressing all the security requirements, which moreover may vary substantially per system 
and business case. The activity will address fixed and mobile satellite systems, used for commercial or institutional applications, having a star or meshed topology (notably DVB-RCS/S2 
satellite systems). The activity shall: 

- define reference system architectures, perform a security risk analysis and derive system security requirements, 
- define appropriate security mechanisms (these mechanisms, located in data, control and management planes, shall satisfy the system security requirements for commercial and institutional 

markets as well as take into account the current standardisation and requirements in terms of security certification), 
- analyse their implementation, system effectiveness and related operational aspects, 
- validate new security protocols through simulations or emulations, 
- define a generic security architecture with the appropriate method to accommodate it to actual systems, 
- provide recommendations for standard evolutions, 
- perform a proof-of-concept demonstration over simulator/emulator between end-systems. 
For control and management plane measures, the outcomes of the ARTES 1 study ‘Security for DVB-RCS at management and control planes’ will be used. For data plane, both satellite-link 
only and end-to-end security will be addressed as well as the different types of connectivity, e.g. unicast, multicast and broadcast. 

 
 
 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

3A.040 
(10.1TT.27) 

DVB-RCS NG support and verification test bed Open Competitive Tender Type: C1 450 2Q 2010 18 

Objective: The objective is to develop a comprehensive end-to-end software-based test-bed implementing the new DVB-RCS NG standard air interface (from IP down to the physical layer) with the aim 
of validating the new standard as well as providing manufacturers and researchers with a reference system/sub-systems design. 

Description: The first phase of the DVB-RCS NG standardization will conclude by the end of 2009 with the issue of the new specifications for fixed star networks.  

This activity will support the adoption of the new standard providing specific tools for assisting the European and Canadian manufacturers in the equipment design and certification, providing 
technical inputs to the standard Guidelines document and identifying a technology roadmap aimed at reducing the user terminal and installation costs. 

The proposed activity shall be carried out with the following specific tasks:  

i. development of the end-to-end software-based test-bed where the full protocol stack of the Hub-terminal link is modelled following the new DVB-RCS NG specifications; the test-
bed will include realistic channel and traffic simulators as well as elements of the control and management planes ,  

ii. contribution to the Guidelines document by testing  the end-to-end performance using the developed test-bed,  

iii. identification of a technology roadmap for key DVB-RCS NG subsystems with particular attention to low cost terminal implementation/installation. 
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Ref. Activity Title Procurement Policy Budget 
(KEUR) 

Planned 
Tender Issue 

Estimated Duration 
(months) 

3A.041 
(10.1TT.01) 

On ground beam forming networks and multi user detection proof-of-concept Open Competitive Tender Type: C1 1000 2Q 2010 24 

Objective: The activity aims at designing and developing a proof of concept of an On-Ground Beam-Forming (OGBF) and Multi User Detection (MUD) system to demonstrate the feasibility of such 
technology for space telecommunication application. 

Description: On-Ground Beamforming is an attractive technique allowing a high degree of satellite coverage flexibility while maintaining an affordable satellite payload complexity. This technique relies 
on the blind transfer of radiating elements signals to ground (return-link case). The forming of beams is realized on-ground with increased flexibility (number of beams, beams’ shapes, 
adaptive processing, interference cancellation, MIMO, etc.) and permitting throughputs that would not be possible using onboard processors. 

The primary objective of OGBF/MUD techniques is to offer flexibility to the space/ground system by implementing challenging processing functionalities on the ground. 

The prototype should demonstrate that the architecture and the technologies are suitable and robust for advanced satellite telecommunication applications by means of a real-time test bed 
implementing the required processing on of-the-shelf hardware,. 

The notion of on-ground processing of multiple feed signals opens up the possibility to benefit from advanced Multi-Input/Multi-Output signal processing techniques for interference 
mitigation, including Multi-User Detection (applicable for the return link: user-to-gateway). 

Using the proof of concept real-time demonstrator, the present development will gaining the necessary confidence in detailed design and performance characterisation on a scaled down 
version of an OGBF/MUD space/ground based system.  The demonstrator shall operate with reduced number of elements and shall validate the architecture and the algorithms of the full-scale 
OGBF/MUD system using prototyping technologies (FPGAs, COTS). 

      

Ref. Activity Title Procurement Policy Budget 
(KEUR) 

Planned 
Tender Issue 

Estimated Duration 
(months) 

3A.042 
(10.1TT.02) 

Hardware demonstrator for the satellite component of 4G  mobile systems Open Competitive Tender type: C 1500 Priority 2 18 

Objective: The first purpose of this activity is to build a hardware demonstrator implementing the physical, link and MAC layer of the satellite component of the 4G mobile systems. The second 
objective of this activity is to provide a platform for trials and demonstrations useful for industry. 

Description: This activity follows the ARTES 1 Study of the role of satellite in 4G networks. In that activity, two main air interfaces were identified as the potential candidates for the satellite component 
of the 4G: WiMAX and 3GPP Long Term Evolution (LTE). These air interfaces include mechanisms allowing increasing throughput in the terrestrial wireless channel.  

In the ARTES 1 activity, a preliminary selection of the main physical layer parameters of WiMAX and 3GPP LTE adapted to MSS has already been carried out (number of subcarriers, 
coding, modulation). This activity shall then analyse the adaptations required on the terrestrial air interfaces to achieve good performance over satellite while reusing as much as possible the 
terrestrial technology. Following these findings, this activity shall focus on the implementation and demonstration of the physical and link layer adaptations of these two air interfaces.  

New techniques included in the 4G air interfaces are expected to bring capacity advantages for the satellite environment if they are properly adapted. Additionally, for the consumer market, 
the compatibility of the satellite access schemes with the terrestrial counterparts is one of the most important criteria in order to keep the terminal cost and form factor at an acceptable level 
and facilitate interoperability between terrestrial and satellite networks. 

The activity shall be carried out in two phases. A preliminary phase shall analyse the relevant system scenarios and define the demonstrator requirements. It will be followed by an 
implementation phase that will conclude with a validation and extensive performance test. If successful, these outcomes will be used in the relevant standardisation bodies.  

NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 
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1.2 Propagation 
 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

3B.021 
(09.153.25) 

Development of miniaturized microwave ground radiometers for SatCom ground stations Open Competitive Tender Type: C1 400 Priority 2 => 
Priority 1 
2Q 2010 

12 

Objective: To design and build a prototype of a microwave ground radiometer operating at Ka and V band with a reduction in mass, volume, power consumption and costs with respect to current off-
the-shelf units. The instrument is to be used by satellite ground terminals to perform the characterization of atmospheric propagation conditions in real time.  

Description: The activity will allow the manufacturing of ground microwave radiometers for satellite communication systems with a substantial reduction of cost and complexity with respect to current 
equipment technology. Currently COTS ground radiometer equipment, mainly targeting meteorology applications, can only be procured from two companies, one in USA and another in 
Europe. The activity aims at strengthening the capabilities of the European manufacturer or opening this market segment to other European suppliers. Areas of application are the in orbit 
validation and mission monitoring of the signal level or propagation campaigns like the Alphasat TDP5 experiment. 

Ground Based microwave radiometers are commonly used by ground stations to monitor various propagation parameters relevant for satellite systems, like the atmospheric attenuation and 
the signal path delay. Actually current commercial units are designed to be used as an high accuracy atmospheric remote sensing instrument and the target customers are meteorological 
organizations, whit different requirements in terms of accuracy and physical characteristics. For example radiometers for meteorology use several lines in Ka and V band to get the vertical 
profile of meteorological parameters, and in order to improve accuracy they perform calibration by looking at an external reference rather than using a Dicke switch design. Therefore the 
off-the-shelf instruments currently available are characterised by costs and operational requirements that make difficult their adoption and use by SatCom operators or propagation 
experimenters. As an example the purchase and operations of microwave radiometers in a network of ground stations, being hub stations or propagation terminals, can account for a 
significant overall cost. As a result the actual adoption of microwave radiometers in SatCom ground stations is very limited. Moreover current commercial microwave radiometers are based 
on discrete microwave components (e.g. waveguides, connectors, etc.) making them larger, heavier and more demanding for thermal control systems. 

Actually the complexity of microwave radiometer for SatCom ground station can be reduced by: 

- Using a number of frequency lines lower than the ones used in meteorological instruments. Options are: to use frequency lines near the SatCom system frequency bands (mainly at Ku, 
Ka and Q/V bands) and/or to use few frequency lines selected according to the emission spectrum of the atmospheric components (gases, clouds and rain) and to perform frequency 
scaling. 

- To design a radiometric unit as a subsystem of the receiver front-end, eliminating the need for an additional antenna and data acquisition system. 

- The adoption of monolithic microwave integrated circuits technology (MMIC) derived from mass production components characterised by reduced costs, dimensions and power 
requirements. This technology has been already used even for spaceborne instruments, e.g. the Jason−1 Microwave Radiometer and the ESA Planck radiometer at 30, 44 and 70 GHz. 

Considering all the above mentioned issues, and in particular the availability of MMIC components and the different (and in a sense simpler) satcom ground station requirements, it appears 
to be possible to design an implement a miniaturized microwave ground radiometer for SatCom applications, characterised by a 50 % reduction in size, weight, power consumption and cost 
with respect to current off the shelf units. 

The activity aims at designing and developing a prototype of a microwave radiometer to be used as a stand-alone or sub-system unit in satellite Radio communication systems characterised 
by reduced production and operational costs with respect to current commercial units. Testing and validation of MMIC components and advanced antenna technologies for ground based 
radiometric receivers. Development and improvement of radiometric algorithms for the real-time assessment of channel conditions for Propagation Impairment Mitigation Techniques 
(PIMT). 

NOTE: This activity was designated as "Priority 2".  A request for initiation has been received. 
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Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

3B.022 
(09.153.26) 

Physical-statistical models for mobile satellite communication systems below 10 GHz Open Competitive Tender Type: C1 250 2Q 2010 15 

Objective: To develop a propagation modelling software tool and channel propagation models combining deterministic and statistical approaches. The models will combine physical principles 
(diffraction, reflection, transmission) at existing obstacles together with stochastic parameters in order to be able to reuse the model on different environments or locations. The models will 
cover land-mobile satellite, aeronautical and maritime environments. 

Description: Typically for the description of channel characteristics two types of models are available: those based on physical principles (GO / PO / UTD/GTD / MoM) and the ones based on empirical 
formulas or statistical fitting from measurements. Implementing the first type with high level of detail require an extreme degree of complexity and many times a number of assumptions are 
provided which limit the validity of the models to coverage and average fading values but they are usually not accurate enough for fading time series generation. Furthermore, the required 
level of detail of the surrounding environment is very demanding.  

On the other hand empirical and in particular statistical models derived from measurements present a good trade-off between accuracy and simplicity; however their applicability is limited to 
the scenario where the measurements were obtained (or those with similar characteristics). For instance, there are major differences between suburban scenarios in different European 
countries. 

An intermediate step consists in the development of hybrid physical-statistical models, where a general baseline model is derived from general physical principles (reflection and diffraction 
from airplane structure, reflection from ground and sea, diffraction and transmission from trees, diffraction and reflection from buildings, and different combinations of the mechanisms...). To 
adapt the baseline model to a particular environment of interest, the environment is characterised by stochastic parameters. The major advantage is that once the baseline model is developed, 
it is possible to extend its applicability to other environments or frequency bands with limited effort considering a general description of the environment (e.g. mean building height, mean 
width of the streets etc) and a reduced number of measurements performed on the new environment to fit the stochastical parameters.. 

ESA has performed various measurement campaigns for the modelling of channel characteristics in Land Mobile Satellite environments useful for the design of Satellite Mobile 
Communication Systems and Satellite Broadcast to Mobile Systems. Also a number of campaigns have been performed in the framework of satellite navigation, which results can be adapted 
to Satellite Mobile Telecommunications. ESA has also performed a small number of activities to build simulators of theoretical channel propagation models. 

The state-of-the-art of hybrid physical-statistical propagation models is limited to a few studies done by the research community. At this stage there are no models available for satellite 
communication systems. Only one hybrid model is available for land-mobile satellite navigation systems. This model is proposed to become an ITU recommendation. This model is not 
applicable to satellite communication systems. 

In this activity a hybrid propagation model will be developed for satellite communication systems between 1 and 5 GHz. The model will consider the specific characteristics of the air 
interface of satellite communication systems. The model will be based on existing literature and propagation datasets. It will aim for an implementation presenting a low complexity to the 
user. It will cover  a number of typical environments in Europe, and it will be used for system design, equipment design and development of propagation impairment mitigation techniques. 

The activity will include the following tasks: 

- Physical modelling of typical propagation obstacles: e.g. trees, sea, plane structure, buildings. 
- Characterisation of stochastic parameters of the model using data from previous ESA campaigns on environments of interest. 
- Implementation of operational software integrating both the physical and statistical models. 
- Adaptation to other environments and frequency bands. 

The final deliverables will include technical documentation, input to ITU-R for standardisation and the propagation modelling software tool able to produce both statistical parameters of the 
channel and also channel simulation in time or frequency for a given configuration. 
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Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

3B.023 
(10.1TT.28) 

Propagation models for interference and frequency coordination analyses Open Competitive Tender: C3 300 3Q 2010 15 

Objective: To develop and integrate the propagation models and input data into a software tool for the analysis of interference effects and frequency coordination issues in ground stations for satellite 
telecommunication systems from C band up to Q/V bands.  

Description: The capability to assess the effect of radio interference is a key element to support decisions related to frequency allocation and frequency coordination at the ITU (International 
Telecommunication Union of the UN) with particular regard to the World Radio Conferences. Interference signals can propagate up to the receiver antenna by means of various propagation 
mechanisms generated by the atmosphere and the environment around the station (i.e. atmospheric ducting, diffraction, rain scattering ground cluttering and multipath).  All these effects can 
vary significantly with the frequency band and with the link geometry (i.e. distance, orientation and number of interfering signals) but all of them have to be estimated to generate a realistic 
interference link budget.  Such estimation requires accurate input parameters (e.g. the terrain and the type of environment, urban or rural, local climatology, vapour and rain, and the geometry 
of the interfering radio link) and an appropriate modelling of the propagation effects for all the possible interfering radio systems (terrestrial, satellite) up to very low elevation angles and long 
distances. 

New propagation models and input data for the design of radio systems have been adopted by ITU (also with the contribution of the Agency for spatial systems) and they would need to be 
integrated into a coherent framework for interference analysis. The available information provided by Geographical Information Systems (GIS) on the environment and by Numerical Weather 
Prediction (NWP) systems for atmosphere, is continuously expanding in terms of spatial coverage and resolution.  

The rapid growth of terrestrial radio systems and devices together with the deployment of a large number of spatial systems (for Earth Observation, SatNav and SatCom) together with the 
crowding of the available frequency allocations, results in an increasing level of interference for satellite ground stations, in a higher complexity of frequency management issues and in the 
competition between spatial and terrestrial systems. This can result in a reduced efficiency of the radio spectrum utilization and in the worst cases in a major limitation to the development of 
new systems. Therefore it is required to increase both the accuracy and the resolution of the analyses for radio interference. 

During the activity a review and an update of propagation models (for terrestrial and spatial systems and for fixed and mobile systems) and input data (provided by GIS and NWP systems) 
shall be performed. Then all the models and data shall be aggregated into a coordinated set of procedures to be implemented into a software tool for accurate assessment of radio interference. 
The new models and data shall be submitted to ITU and regulatory bodies for adoption. 
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2. SPACE SEGMENT - GENERAL 
 

2.1 Platform – System and Architecture 
 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

4A.035 
(10.1TT.03) 

Alternative bonding method for satellite thermal insulation multi layer foil Open Competitive Tender Type: C 500 3Q 2010 12 

Objective: To design and demonstrate a new method for electrical bonding thermal multilayer insulation based on double face tape in order to remove mechanical links to the maximum extent. 

Description: Satellites have an outer layer of multilayer insulation foil that is needed to control the thermal balance of the satellite. This multilayer insulation has conductive layers that can charge up in the 
space environment and consequently cause electrostatic discharges. In order to avoid such discharges, the metallic layers of the insulation need to be interconnected and to be bonded to the 
satellite structure. 

Current bonding hardware of multilayer insulation is composed of an insert, a bolt, a washer, a pod and a wire of variable lengths. The different layers are electrically connected by nuts. 
Several bonding points on the satellite are linked to the same single multi layer insulation. This adds a certain mass and is not simple to handle during satellite integration. 

For the purpose of avoiding electrostatic discharges it is sufficient to have a bonding resistance up to 100 kOhms. The idea is to investigate the use of existing space qualified electrically 
conductive double face tape in order to establish the bonding between multilayer insulation and satellite chassis. Focus is on how to ensure electrical contact between conductive layers and 
tape, to measure the electrical properties of such a bond and to investigate the mechanical and thermal  behaviour (bonds need to be mounted/dismounted during integration) 

The work should start with investigation on how to establish electrical contact between conductive layers and the tape. To define a method to measure the bonding resistance, perform 
measurements. To investigate and measure the effect of mating and de-mating, ageing, temperature and space environment on the bonding resistance. To investigate and measure the potential 
effect on multilayer insulation thermal efficiency. 
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Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

4A.036 
(10.1TT.04) 

Demonstrator for transmission of discrete commands and housekeeping data via power bus Open Competitive Tender Type: C 500 Priority 2 18 

Objective: To demonstrate that digital high priority commands (ON/OFF/RESET) and housekeeping data can be transmitted in a safe and reliable way via the existing power connection without non 
acceptable impact on the power bus properties (power quality, protection) and EMC. 

Description: Within current spacecraft architectures, the segregation between different types of signals (power supply, telemetry/commands, data buses, discrete signals)  
leads to a very complex harness implementation; harness mass indeed represents between 3% and 10% of a spacecraft dry mass. A 50% reduction of the harness mass easily translates into 
several additional transponders.  
It should be noted that the number of connection points (10000+ on a large satellite) need to be verified during AIT, requiring a large amount of time and thus having a direct impact on AIT 
phase duration.  The aim is to reduce the critical path activities by up to 40 working days.  

Previous studies have identified potential architectural solutions or technologies for optimising harness conception. Optimisation has been mainly focused on the mass parameter, which is 
dependent on the amount of harnesses, cable lengths and type.  

The availability of robust command and telemetry (housekeeping) transmission means via main power bus will immediately provide to system integrator a powerful way to route high priority 
commands (ON, OFF, RESET) to and receive telemetry data from all the electrical units with harness saving and limited electrical complexity overhead. 

This activity is aimed to demonstrate the feasibility to transmit high priority commands and to receive housekeeping data via unregulated (or regulated) DC power line without negative 
impact on the electrical properties of the power bus and being conform to EMC requirements. 

Main requirements to be covered are:  
1. 100V (suitable for Telecom Applications) 
2. Power bus protections defined according to selectivity criteria; main LCL at power bus root, and peripheral LCLs at single unit inputs. 
3. Signal transmission possible for both fully regulated and unregulated power bus. 
4. Double isolated distribution, twisted pair. 
5. Definition of protocol with ~255 addresses capability and 10bps data rate minimum 
6. Bidirectional data transmission to allow acknowledge and housekeeping data telemetry 

The development of this activity shall require the expertise from at least four different domains, namely System engineering, Data Systems, Power Systems, EMC.  
 
NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 
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2.2 Propulsion System 
 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

4B.046 
(10.1TT.29) 

New process for low cost thrusters nozzle manufacturing  Open Competitive Tender Type: C 400 2Q 2010 24 

Objective: To produce and test a platinum-rhodium alloy reaction control thrusters chamber / nozzle which will be manufactured by direct manufacturing technology  

Description: During manufacturing of thrusters Nozzles ±75% of the raw material is machined from the bulk and sent back to be recycled. In this recycling process ±30% of the material is lost. 

3D manufacturing technologies are becoming mature enough to be used in space market – they could be used instead of more conventional manufacturing techniques 

Using 3D manufacturing allows saving raw material (virtually no waste) and reduces lead time – This is particularly attractive when raw material is costly. Another benefit is that initial 
material is powder on which traditional incoming inspection for bulk material is not relevant. 

Phase 1: after having selected the best 3D manufacturing technique for the intended application, the alloy will be transformed into powder having suitable characteristics to be processed by 
the selected 3D manufacturing technology. The metallurgical, physical and chemical characteristics of the obtained powder will be determined. 

Phase 2: the powder obtained within Phase 1 will be used to manufacture near-net-shape thrusters nozzle based on typical reaction control thrusters Nozzle design. The near net shape will be 
further processed to reach the final dimensional tolerances in order to be submitted to tests for material characterisation.  

 
 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

4B.047 
(10.1TT.05) 

Development of a green reaction control thruster  Open Competitive Tender Type: C 1000 2Q 2010 18 

Objective: To design and develop a Reaction Control monopropellant Thruster for telecommunication satellites using green propellants. 

Description: Significant research has taken place on the development on new green propellant formulations with promising results. Those have shown better physical properties and better performance 
than classical propellant, especially in the field of monopropellants. In addition, the proposed propellants are safer for men and more environment friendly in comparison to the classical 
propellants used today. However, there has been limited component development for green propellants. 

Currently in Europe there are a number of fully developed green propellant formulations. These propellants have shown already a better performance than hydrazine and it is 10% denser than 
classical bipropellant systems. A 1N thruster prototype has been already successfully developed in Europe using a green propellant showing already a better performance than hydrazine and a 
full flight qualification shall start shortly. 

As discussed above green propellants have the capability to achieve high performance in the next future while relaxing the safety requirements applicable to classical propulsion systems, 
therefore leading to significant cost reductions and higher handling operations simplicity. 

The activities shall include: 
 -       An assessment of how green propellant would benefit the telecom propulsion systems and identify design drivers relevant to telecoms. 
- A trade-off on the target performances (5 to 10N thrust, ISP, etc.) to be achieved by the proposed EM and on the existing green propellant to be used. 
- The design of a EM thruster to meet classical telecom needs including pulse mode firing and Minimum Impulse Bit. 
- The test of the EM including life testing in pulse mode firing. 
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Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

4B.048 
(10.1TT.30) 

High voltage, high current switch for electric propulsion electronics Open Competitive Tender Type: C 350 Priority 2 18 

Objective: To design, develop, manufacture and test an engineering model of a solid-state, high voltage switch for electric propulsion electronics. 

Description: The power processing unit of Electric Propulsion (EP) subsystems typically need switching measures between power supplies and associated thrusters in order to allow failure isolation, 
redundancy switching, and verification tests during integration. Very critical is the switching of the high voltage paths as the voltage range from a few 100V to 2kV depending on the EP 
thruster technology. 

The current solution for EP subsystems for high voltage switching is a relay with vacuum encapsulated contacts (“vacuum relays”), and the only available vacuum relays are from US sources 
at the moment. As electromechanical component the use of relays is typically associated with concerns about reliability (limited number of switching cycles) and sensitivity to mechanical 
loads. 

The development of a solid-state switch based would allow independence from export regulation and would likely have higher reliability and no limitation in switching cycles due to the 
absence of moving parts. 

The activity shall focus on the design of a one-pole switch for current loads up to 2.5A and operating voltage from 1kV to 2 kV (no switching under load conditions is required). The work 
shall comprise definitions, design of the switch, with particular attention to the gate drive circuit and arc protection, concluded by manufacture and final testing of a potted EM (including 
thermal vacuum testing). 

NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 
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Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

4B.050 
(10.1TT.06) 

Extendable thruster pointing mechanism Open Competitive Tender Type: C 1600 Priority 2 24 

Objective: The main objective of this activity is to develop manufacture and test the next generation of Electric Propulsion Pointing Mechanism (EPPM) and Thruster Module Assembly (TMA) for 
future Telecom platforms.  

Description: Electric thrusters have today a fixed direction of thrust. In order to optimise electric thruster propellant resources, to limit the number of electric thrusters on a platform and, to perform 
advanced Altitude and Orbit manoeuvres, Electric Propulsion Pointing Mechanism (EPPM) are required. However, the performance of Electric Propulsion Systems (EPSs) is currently limited 
by the overall platform architecture and the type of thrusters available of the market. Hall effect Thrusters (HET) in the range of 80mN are the most widely used thrusters in 
telecommunication spacecrafts. Currently, the most straightforward way to improve the efficiency of existing EPS while keeping 80mN HET is to enhance the pointing functionality and 
performances of EPPMs – especially by increasing the dexterity (by adding a deployment). This will decrease the cosine losses. This will not affect the heritage of the thrusters and the 
platform architecture. 
 
Presently, a new generation of EPPMs building blocks is under development for science missions such as Bepi-Colombo. These need to be used or adapted to design a pointing mechanism 
that would take into consideration the existing environment and lay-out of existing Thruster Module Assemblies used on telecom satellites. (AlphaBus, Eurostar 3000). 
 
An increase of the competitivity of the electrical propulsion system would translate into a step of competitiveness of European Platforms in the upper range. 
 
The activity requires a major involvement of a European Prime to assess system impacts and module accommodation. The activity will be divided into three phases: 
1 - System activities (Platform performances, requirements specification, accommodation, plume impingement, etc.),  
2 - Thruster Module activities (Development, design, analyses, manufacture and test at EM level), 
3 - EPPM activities (Development, design, analyses, manufacture and test at EM level). 
 
NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 
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2.2 AOCS 
 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

4C.020 
(10.1TT.07) 

Attitude and orbit control systems based on electric propulsion Open Competitive Tender Type: C 600 2Q 2010 18 

Objective: The objective of this concept is to reduce the overall system complexity of telecommunication satellites by removing wheels and chemical propulsion, and replacing them with a single 
Electric Propulsion (EP) system.  

Description: The trend in telecommunication satellites is to use EP to perform North/South station keeping, since it allows a reduction of the overall mass, or an increase in payload mass.  
Chemical Propulsion (CP) or additionally a cold gas system needs to be accommodated for the following reasons:  

- to perform the fast attitude dynamics of a Safe mode (rate damping plus acquisition) and  
- to perform additional wheel momentum management and  
- to perform dedicated East/West station keeping control. 

 This means that the benefit of using EP is reduced due to the added mass and complexity of flying multiple propulsion systems.  
This activity is targeting a full EP thruster based Attitude and Orbit Control system (AOCS) for on-station control with EP as main and only actuator in all modes. With a complementary set 
of EP thrusters also capable of performing nominal attitude pointing and safe modes there would be on one hand an increase of mass due to additional EP hardware and fuel (in addition to the 
delta-v manoeuvres), but on the other hand significant savings could be achieved by eliminating the conventional CP/cold gas systems, the wheels (including electronics) and the mass savings 
on fuel dedicated for wheel momentum managements. Furthermore, the reduction of propulsion complexity plus the reduction in mission constraints due to wheel momentum management 
and dedicated east/west station keeping are very promising. This configuration shall be traded-off at system level considering all relevant parameters. Direct in-orbit injection is assumed or 
that orbit raising from GTO to GEO is performed by another fully independent system. 

In a first step an AOCS concept shall be defined, fully EP based, which would not use reaction wheels and would include a fully Electrical Propulsion attitude control while still meeting the 
needed performance for telecom satellites. As a result an EP specification shall be derived which would quantify the needs related to at least:  1) Amplitude modulation including rate 
limitation, also on/off modulation capacity; 2) Plume size; 3) Mass and volume; 4) Thruster configuration and accommodation; 5) Minimal warm-up time; 6) Life and reliability; 7) Maximum 
number of cycles; 8) ISP; 9) Thrust operation range; and 10) Cost target. 

In a second step based on the requirements derived above, a fully electric Propulsion concept shall be proposed using the available Electric Propulsion thruster technologies. Where 
requirements have not been demonstrated by test yet, risk limited tests on existing Thruster EM shall be performed to investigate and justify the growth potential and adequacy of relevant 
technologies.  
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Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

4C.021 
(10.1TT.31) 

Deployable gossamer sail for de-orbiting Open Competitive Tender Type: C 200 Priority 2 9 

Objective: The objective is to trade-off and design a system to allow optimal spacecraft de-orbit strategies, investigating in particular the use of Gossamer (thin-film membrane) sails able to be adapted 
to a wide range of LEO spacecraft and telecommunications missions. 
  

Description: The European Code of Conduct for Space Debris Mitigation now requires all LEO objects to be removed from orbit within 25 years after end of operational phase, which imposes severe 
constraints on the need for a de-orbit strategy.  
 
Gossamer structures are very light and expandable structures that, once integrated into a deployable drag sail, offer light, propellant-free deorbit strategies for LEO objects. 
 
In this activity, the optimal solution (both in terms of optimum trajectory and state-of-the-art hardware) shall be investigated in order to minimize the weight of the deorbit package, 
demonstrate high reliability and cover a wide range of LEO applications. 
 
Based on existing feasibility and conceptual studies, this activity will compute the optimal deorbit trajectory based on the design of a Gossamer (thin-film membrane) drag sail and its 
deployment mechanism included in a compact box. The drag sail will be a Gossamer type of structure that can be punctured by and offers both lightweight and structural characteristics. The 
optimization phase will, as a minimum, consider parameters such as overall cost, stability, mass, volume, robustness and effective deorbit time. The deorbit strategy will then be verified in 
terms of simulation against different LEO missions. The hardware will be designed, and an Engineering Model will be built and tested.  

 

NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 
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Ref. Activity Title Procurement Policy Budget 
(KEUR) 

Planned 
Tender Issue 

Estimated Duration 
(months) 

4C.022 
(10.1TT.32) 

Usage of the solar array power signal for AOCS Open Competitive Tender Type: C 150 Priority 2 12 

Objective: To use the already existing, onboard of a telecom satellite available power signal as a measure of the off-pointing angle of the solar array with respect to the Sun as an assistance or a 
replacement of dedicated sun sensors.  

Description: Power signals on telecom satellites are generated by a SSSR (Sequent Switch Shunt Regulator). The SSSR measures directly and in a non-regulated form the current from the solar array, and 
therefore it can be used as measure for the angle between the solar array normal vector and the Sun vector with respect to the solar array. 

At current, the Sun direction is exclusively determined by dedicated Sun sensors which are accommodated around the satellite. 
The idea of this activity is to use the power signal onboard of a satellite for AOCS purposes in order to increase the mission reliability as well as the platform functionality. The power signal 
can be used in numerous ways to achieve this goal:  

1. To perform a sun search by rotating in combination the platform as well as the SADM, while the criterion to stop the search is that the power signal is saturated. This has the advantage 
that the search speed is increased by using the combined rate of the platform plus from the SADM (which can be up to 2 deg /s).  

2. To perform a successful Sun search in case the SADM is “stuck” and the solar array orientation is in an undesired or even unknown state. In this case still a successful Sun search can be 
performed. Remember that this is not the case for conventional Sun searches using body fixed Sun sensors. Furthermore, the reliability is increased by the fact that the Sun sensors in this 
search mode are not needed, or they can be used as backup sensors and means to evaluate for FDIR purposes the correct functioning.  

3. To derive an additional Sun vector signal with respect to the solar array and to compare it with Sun vector with respect to satellite body derived from the Sun sensor. Then, the SADM 
position sensors can be monitored and the correct functioning can be evaluated. This increases the mission reliability. It is very important to note that the mission reliability is increased 
just by a more intelligent use of the already available measurement signals onboard and that no additional hardware is needed. 

Work logic: 

- In a first step, the characteristics of the SSSR need to be analysed closely to determine its accuracy as sun angle measure. It needs to be shown analytically how the achievable sun vector 
determination accuracy over life evolves and all error contributions need to be identified. 

- In a second step, the necessary AOCS algorithms need to be developed to derive a sun vector signal. 
- In a third step it needs to be determined how the Solar Array measurements can be passed from the PCDU to the AOCS, and all changes to the current s/c hardware, FDIR design  and 

software and their costs need to be identified.  
- In a fourth step, the technique shall be concretized, its usage shall be listed and it shall be assessed whether dedicated sun sensor hardware could be removed and what the associated 

recurring cost savings are.  
- In a fifth step, the performance and the operation of the technique for each application shall be demonstrated analytically (where possible) and by simulation. It shall be assessed whether 

the technique shall be validated on with real hardware in the loop. 

NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 
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2.4 Thermal System 
 
N.A. 
 
 
2.5 Mechanical System 
 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

4E.020 
(06.153.51) 

Magneto Rheological Fluids Speed Regulator for Deployment of Large Appendages Open Competitive Tender Type: C1 400 2Q 2010 24 

Objective: First to develop a Magneto Rheological fluid compatible with space applications and environment. Then to design, manufacture and test an Engineering Model of a self-standing speed 
regulator unit based on this Magneto Rheological Fluid. The regulator shall be suitable for the control and the regulation of the deployment of large appendages on future Telecom platforms. 

Description: High power Telecom platforms require the deployment of larger appendages solar arrays, antennas or radiators. In the frame of the deployment of large appendages on Telecom platforms, 
speed regulators shall be considered in order to achieve the speed control and regulation of the deployment of solar arrays, antennas or radiators. Indeed, The current available technologies for 
speed regulation are either based on fully active or fully passive devices. Fully active technologies using motors are heavy and require complex control loops. Fully passive technologies, like 
viscous or eddy current dampers, have fixed performances not optimised with respect to the variable needs in regulation required during the deployments of large appendages. Also, viscous 
dampers are very dependant on the operating temperature and offer poor reliability. Therefore there is a need to investigate new technologies to achieve the required function. Under the above 
considerations, the Magneto Rheological fluid technology offers promising performances. Indeed, they could enable a regulation approach tailored to the instantaneous needs and are less 
temperature dependent. Indeed, speed regulators based on Magneto Rheological fluids provide a rapid damping rate coefficient modulation while consuming little power. They provide speed 
control and regulation and have intrinsic shock absorption capabilities. Damping parameters can be adjusted at an optimal rate and time during the deployment by modifying the fluid 
viscosity while varying the magnetic field applied through this fluid. Consequently, Magneto Rheological fluid based speed regulators are particularly appropriated for the semi active control 
required for the deployment of large solar arrays and antennas of future Telecom platforms.  
 
A magneto-rheological fluid suitable for this type of application and GEO space environment (including temperature and radiations) shall be developed. Then the complete regulator has to be 
engineered in a way that maximises the potential of Magneto Rheological fluids in order to provide semi active control in replacement of conventional fully passive speed regulators. The 
activity shall also cover the associated components needed to achieve the control loop regulation. The activity shall be performed in close collaboration with a solar array or antenna supplier. 
The functionalities, the kinematics and the dynamics performances of the developed speed regulators shall be fully demonstrated under thermal vacuum conditions. The speed regulator to be 
developed shall be fully compatible with existing and future deployment systems. 
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Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

4E.038 
(10.1TT.08) 

Development of a dry lubricated gear box Open Competitive Tender Type: C1 500 4Q 2010 18 

Objective: To design, manufacture and test an engineering model of a dry lubricated gear box driving deployable mechanisms in extreme temperature conditions. 

Description: Efficient mechanisms able to operate in the coldest conditions would give the industry valuable flexibility to deploy critical appendages such as solar arrays during phases where power is 
limited, to ease the associated layout constraints or to authorise urgent Solar Array deployment including in a non-nominal S/C configuration, during which the deployment mechanisms could 
be exposed to extreme temperature conditions. 

The uses of gear boxes in conjunction with electrical motors allow to easily tuning the kinematics to the requirements of a specific mission without redesigning the motor itself.  
Since the fluid lubricated gearboxes have their performance limited to a given temperature range, the use of dry lubricated gear boxes is required to achieve these goals. E.g. Dry lubricant 
does not freeze at cold temperature and are more out-gassing resistant at hot temperature than liquid lubricant. 
The activity shall result in an EM gear box which will have to demonstrate its ability to withstand telecommunication satellite induced environmental stresses, extreme temperature cases due 
to worst case spacecraft attitude modes, lifetime while safeguarding performance and margins. 

 
 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

4E.039 
(10.1TT.09) 

Harmonic drive gears for Space applications Open Competitive Tender Type: C1 550 3Q 2010 24 

Objective: The objective of this activity is to develop, design, manufacture and test engineering models of space-rated, dry-lubricated and wet lubricated Harmonic Drive gears, and to define a 
parametric model of their efficiencies  

Description: Harmonic Drive Gears have major advantages compared to conventional gears in terms of mass to gear ratio. Today European Harmonic Drive Gears lack flight heritage and have shown to 
be difficult to adapt to space requirements. In particular, current limitations of HD gears do not enable to comply with high duty cycle or extreme temperature applications like Solar Array 
Drive Mechanisms. Also Current models for Harmonic Drive gear efficiency are semi-analytic and require large safety margins for space applications in order to ensure proper operation. 
Better description of the loss mechanisms and the impact of lubricant quantity / temperature effects would allow reducing these margins and giving better predictions in the early design 
phases, allowing designing more compact actuators. 
Terrestrial Harmonic Drive Gears exist in Europe, so do space approved wet and dry lubricants. 
As identified by the Harmonisation on “Technologies for Hold Down Release Separation and Deployment Systems” – 2nd semester 2008 - Activity D1 of the roadmap, European non 
dependence on these devices is required.  
This activity will consist of three developments: 
1. Dry Lubrication of Harmonic Drives: 

A) Identification of the main design drivers when operating Harmonic Drive gears at extreme temperatures and accordingly, the most promising dry lubricants. The activity will include 
a detailed analysis of possible lubrication scheme with focus on future and long-term available coatings both from the group of soft and super-hard coatings 

B) An extensive test campaign will be carried out with different configurations (design, materials and lubricants). First, the units will be assessed through their life capabilities. Then, the 
6 most promising candidates will undergo a complete test campaign including characterisation at ambient and under Thermal Vacuum following by a life testing programme under space 
representative conditions.  

2. Improved performance of wet lubricated  Harmonic Drive: 

A) Development and analysis of new lubrication techniques for wet lubricants configurations 
B) Manufacture and test of up to 3 EMs of Harmonic Drive Gears for characterisation and life test under space representative conditions. 

3. Improved efficiency model for Harmonic Drive 

A) Theoretical description and development of a parametric model covering the tribological phenomena within a space wet and/or dry lubricated Harmonic Drive gear.  

B) Correlation of the parametric model based on the test results performed on hardware 
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2.6 Power System 
 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

4F.050 
(10.1TT.33) 

Techniques for resolving thermal issues on shunt switches Open Competitive Tender Type: C1 350 4Q 2010 18 

Objective: The activity is aimed at the improvement of dissipation performances of shunt system regulators to be able to reduce the thermal issues of the power systems based on shunt regulation 
concepts, in order to achieve better efficiency, mass, and size improvements at power system level. 

Description: In spite of the excellent efficiency obtained by power systems based on shunt regulation (98% and higher), there are still issues with the power control unit dissipation, especially for high 
power platforms (5kW or more). 

The main responsible for this problem are the (duplicated) diodes in series in the hot line of the shunt cell. The duplication is required for failure tolerance. In ESA power lab, a technique has 
been developed to be able to use a single diode (therefore halving the dissipation) but still maintaining a single point failure free approach. Further improvements can be envisaged by 
substituting the remaining diode to achieve a synchronous rectification in the shunt cell, and reduce the dissipation further to about one order of magnitude less the one of a conventional shunt 
cell provided with two diodes. 

Lowering the dissipation of the shunt cell of a similar amount, would allow the miniaturisation of the shunt cell itself and a clear advantage also in term of size and weight of the power 
system. 

The activity is meant to study the proposed ESA solution and progress further, with the aim of reaching a tenfold dissipation improvement. The activity shall entail: 

1. Study, evaluation and possible improvement of the existing single diode shunt cell design;  
2.  Design and development of a single diode shunt cell provided with synchronous rectification; 
3.  Assembly and test of a power system breadboard (with 5 or more such shunt cells); 
4.  Preparation of a design report, and a detailed development plan for a fully engineered, miniaturised and modular shunt power system based on the new approach (including evaluation and 

preliminary verification of promising miniaturisation techniques); 
5.  Critical evaluation and quantification of the advantages of the new approach with respect to existing telecom power systems  

 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

4F.051 
(10.1TT.22) 

High voltage power module for EPC for increased temperature range Open Competitive Tender Type: C1 900 2Q 2010 24 

Objective: The high voltage power modules within electronic power conditioners shall be improved to enable operations at higher temperatures (targeting 95 ºC at baseplate) and consequently allowing 
the simplification of the thermal satellite design and a mass reduction of telecom payloads. 

Description: An EPC together with one or two TWT’s (Travelling Wave Tube(s) forms the high power transmitter. Telecom satellite payloads embark between a few ten and more than 100 of these 
equipments. Therefore any simplification and mass saving per equipment is essential as it is multiplies typically by a high number. 

EPCs are currently operated at 65degC baseplate temperature, whereas the associated TWT(s) are exposed to a 95degC baseplate temperature. An increase of the EPC baseplate temperature 
towards 95deg allows simplification the satellite’s thermal design, a reduction of distance between EPC and TWT, and therefore finally a size and mass reduction. 

Very critical with respect to high temperature operation are the functional block located in the potted high voltage module. The high voltage module and its embedded circuits are thermally 
high loaded and with its electrical insulation they represent a significant mass driver. As key functional blocks the high voltage rectifiers (hot spots) and the high voltage filters (mass drivers) 
shall be specifically addressed. 

In a first step the impact of high temperature operation on high voltage modules w.r.t design and reliability shall be analysed. The second step shall be focussed on rectifiers and filters 
(represented by the capacitors). For the rectifiers the new Silicone Carbide (SiC) power semiconductor shall be evaluated based on existing commercial technology. For the filters the derating 
philosophy shall be evaluated based on already existing space qualified parts including extensive stress-lifetime testing. Finally the selected technologies shall be integrated and tested in a 
high voltage module breadboard of a typical EPC for TWTA. 
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Ref. Activity Title Procurement Policy Budget 
(KEUR) 

Planned 
Tender Issue 

Estimated Duration 
(months) 

4F.052 
(10.1TT.10) 

Redesign to cost of solar array substrate using European carbon fibres Open Competitive Tender Type: C 1000 Priority 2 24 

Objective: The main scope of this activity is to verify the possibility to replace the existing Japanese fibre with a European fibre suitable for solar panel substrate, with equivalent or better characteristics.  

Description: The mechanical behaviour of the whole solar array is related to the characteristics of the fibre used for the panel substrate manufacturing 

At present, the panel substrates are manufactured with Japanese fibres, because no High Module fibres are available in Europe.  

As a first step towards independency, the redesign-to-cost of Solar Array substrates that would use available European carbon fibres could greatly improve the competitiveness of European 
solar arrays by increase schedule control and reduced cost of -substrate procurement.  

The activity will be carried out according to the following work logic:  

- Search and review of all available European fibres potentially suitable for solar panel substrate manufacturing and identification of detailed material characteristics and requirements. 
- Based on existing substrate used for telecom applications, alternative substrate requirements will be derived which will allow the use of available European carbon fibres by relaxing for 

example mass or structural performance.  
- Selection of most promising  fibre candidates for substrate manufacturing 
- The substrate manufacturing processes will be optimized on the basis of the European fibres and some breadboards will be produced accordingly to check the achievable characteristics 

and select the most suitable candidate. 
- The substrate will be redesigned to cost in accordance with the new set of requirements and using the previously selected carbon fibre. 
- An EM substrate will be manufactured and tested. 
- Competitiveness of the redesign will be assessed. Also, activities required at substrate and/or carbon fibre level to achieve a flight worthy product will be identified and costed. 
 
NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 
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Ref. Activity Title Procurement Policy Budget 
(KEUR) 

Planned 
Tender Issue 

Estimated Duration 
(months) 

4F.054 
(10.1TT.11) 

Improved high specific energy Li ion cell Open Competitive Tender Type: C 675 Priority 2 18 

Objective: Improve the design and manufacturing of an existing Li ion cell and characterise it. 

Description: The SAFT VES180 Li ion cell is SAFT latest large and high energy Li ion cell based on the Nickel-Oxide chemistry. This cell, which originates from the automotive industry, has been space 
qualified in the frame of ARTES 8.  However significant improvements have since been implemented on the terrestrial version of the cell which could now benefit the space qualified 
version. 

Starting from the SAFT VES180 Li ion cell, improvements already qualified for automotive applications will be introduced and an improved space cell will be developed. A new source for 
electrode materials will also be assessed. Cell Interfaces shall not be modified in order to reduce impacts at battery level. Soldering will be performed in-house and no more sub-contracted; 
manufacturing will be automated to increase reproducibility. 

The improvements made to the terrestrial design could greatly benefit the space version. For instance, introducing design improvement like tab-less design will lead to a more robust cell with 
higher reproducibility and better overall quality.  

The activities proposed are: 

- Cell design 
- Small pre-series production 
- Electrical characterisation 
- Environmental tests (Vibration, shock, thermal) 
- Safety tests 
- Cycling tests 

NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 
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3. SPACE SEGMENT - PAYLOAD 
 

3.1 Payload – System and Architecture 
 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

5A.021 
(10.1TT.35) 

Payload resource planning and configuration tool Open Competitive Tender Type: C 
 

400 Priority 2 18 

Objective: The objective of this activity is to study and develop a generic telecommunication payload resource planning and configuration tool for complex multibeam payloads 

Description: Payload resource management of flexible multibeam telecom payloads is a critical and complex optimization problem, because of the very high number of payload parameters to be set (e.g. 
interconnectivity, gain/power levels, operating conditions, etc.) and the implications of flexibility in terms of varying traffic, coverage and connectivity scenarios. 

The activity aims at the development of a software tool that, based on  

- the analysis of the required system resources (e.g. number of channels, coverage connectivity, frequency plan, bandwidth/EIRP/SNIR per channel, etc.), 
- the satellite’s functions (i.e. payload block diagram and sub-systems functionalities) and  
- the payload’s resource constraints (e.g. variability range of the parameters, possible settings, switches states, overall consumed/dissipated power limits, failures, etc.)  
It will be able to provide optimal planning and configuration strategies (e.g. optimal RF performances, margin maximisation, power consumption/dissipation reduction, minimal rerouting of 
the traffic during reconfiguration, etc.). 

In particular, the tool shall implement novel methodologies: 

- To describe systematically and synthetically the payload hardware (including interconnectivity states, range of variability of the parameters, failure modes, etc.); 
- To optimise payload resources assignment under operational conditions (e.g. frequencies, power levels, gain level settings, interconnectivity, etc.) 
- To consider payload constraints. 

Emphasis must be placed on the intrinsic difficulty due to the combinatorial nature of the problem. RF performance figure of merits shall account for interference due to co-frequencial 
multibeams and RF-front-end/antenna nonlinearities. 

 

NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 
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3.2 Antenna 
 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

5B.065 
(09.153.36) 

Multiple beam port-to-beam synthesis methodology and antenna architectures Open Competitive Tender Type: C  300 Priority 2 18 

Objective: To develop a multi-beam multi-frequency tool for the combined optimisation of the complete antenna system.   

Description: The capability to optimise the complete antenna system is required for user terminal antennas with wide scan range and polarisation tracking as well as for large multi-beam satellite antennas. 
In both applications there is a strong need to optimise the antenna architecture to reduce complexity and avoid component over-design. The synthesis of efficient antennas for multiple-beam 
multi-frequency dual-polarisation coverages is a complex task involving a large number of components in the chain. Furthermore there is a growing need to be able to address multiple and 
quite different configurations and compare them in a unified systematic way. A tool optimising the whole antenna system is expected to result in improved overall performances and in a 
proper balance between the requirements on the individual antenna components. The increase of computing power has enabled very sophisticated synthesis methodologies for the initial 
definition of the necessary characteristics of the individual components, and optimisation methodologies for the refinement of their design. Independent optimisation tools exist for most 
antenna architecture components, but nothing is available for the initial synthesis and the global refinement of the overall antenna architecture and configuration. Furthermore some areas, like 
the optimal selection of beam generation weights, which are very critical in multi-beam multi-frequency antennas as well as for beam hopping and for beam re-configuration, are not yet 
properly addressed. The activity will cover these areas by either extending the reach of existing tools or developing new ones, and achieve the overall objective by assembling the different 
components into a tool for the overall antenna design to be included in the European Antenna Modelling Library. The resulting design tool will be applied to operational test cases derived 
from system studies. 
 
NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 
 

 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

5B.081 
(10.1TT.12) 

Overlapping Ka-band multiple spot beams based on single aperture antenna Open Competitive Tender Type: C 1500  3Q 2010 24 

Objective: The objective is to design, manufacture and test a Ka band lens antenna able to generate several broadband overlapped beams with a single aperture.  

Description: Multiple beam antennas adopting both frequency and polarization reuse and providing two ways communication are requested for communication satellites. Antenna architectures able to 
generate the multi-beam coverage from a satellite using a single aperture are today of major interest.  
 
Multiple beams satellite antennas are today mainly implementing a single feed per beam concept and request 3 or 4 reflectors inducing severe constraints on spacecraft accommodation. 
Moreover, this system does not provide any coverage flexibility. Alternative solutions, based on Focal Array Fed Reflector with individual feeds need to be complemented by other 
architectures based on free-space beamforming networks.  
 
Discrete lens antennas can be designed for receive or transmit multiple beams with stringent requirements in terms of side-lobe levels and large steering angles. The beam generation, 
implemented without phase shifters, offers a reduced complexity at antenna level. Aperiodic positions of the radiating elements might be adopted to minimise the number of active elements. 
In this configuration all amplifiers contribute to all beams and provide reconfigurability in terms of power allocation per beams. 
 
In this activity the entire antenna system shall be designed and analyzed. An Engineering Model, composed by a scaled-down version of the entire antenna system including about 15-20 
active radiating elements generating about 7 contemporary beams, shall be manufactured and tested.  
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Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

5B.082 
(10.1TT.13) 

Low loss dual polarised frequency selective surface in Ku and Ka band Open Competitive Tender Type: C 500 3Q 2010 18 

Objective: The objective of this activity is to perform RF design and analyses at antenna level for a multi-frequency mission and to design, manufacture and test a breadboard of a dual polarised 
(Circular polarization or linear polarization) Frequency Selective Surface (FSS). 

Description: With many missions and antennas implemented on the same spacecraft, space is at a premium and the exploitation of the same reflector for different frequency bands is of major interest.  
Techniques to combine missions by the use of frequency (FSS) or polarization (polarisation sensitive surface - PSS) filtering, as used in other domains such as millimetre wave quasi-optical 
feedboxes or earth station beam-waveguide multi-frequency reflectors, should be considered for space telecommunication antennas. Beside the well known multi-frequency feeds, this study 
will demonstrate the feasibility and performances of feed system using frequency selective surfaces (FSS). 

Recent FSS’s developed for Earth Observation have shown state of the art in terms of losses and mechanical strength while operating in dual polarizations. Applicability of such technology at 
Ku and Ka band is considered of major interest. 

One major advantage of the FSS solution is that it offers flexibility in the selection of the coverage and polarisation that can be implemented (pencil beams/shaped beams). An example of an 
application can be found in the area of multimedia missions where a multibeam coverage is defined to provide Tx/Rx links over a geographical zone to support links from a few Gateways to 
Users disseminated in the area and return links from Users to Gateways. In this scenario, a solution where Users operates in Ku-band and Gateways operated in Ka-band (for a wider 
spectrum) is considered to be beneficial. Other missions using shaped broadcast coverage’s can also be considered. Regarding satellite accommodation, a recent ARTES 5 study (Large Ku-
band Dual Polarized Multi-contoured Beam Antenna for Frequency re-use) has demonstrated the feasibility of the implementation for a 800mm diameter polarisation grid which could be 
replaced by the FSS.  

The FSS breadboard shall be studied, designed, built and tested. Initial mechanical/thermal and environmental testing shall be performed. Antenna performances will be simulated from the 
measurement at FSS level. Determination of the performance parameters such as accurate scattering performances and power handling capability shall be investigated.  

 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

5B.083 
(10.1TT.14) 

Compact C band feed assembly for single and multi-beam missions Open Competitive Tender Type: C 750 2Q 2010 18 

Objective: The objective is to design, manufacture and test an engineering model of a compact C-band feed chain to be integrated in a reflector antenna focal array.  

Description: The C-band telecommunication payload antennas suffer from typically bulky feeds. Consequently the feed arrays, in particular for multi-beam missions are very large and heavy    

Recent developments in Ka-band (with similar frequency ratio between Tx and Rx bands) for single feed per beam have shown that alternative designs can achieve a significant size and mass 
reduction.  

New architectures shall be analysed, for example, exploiting the potential of turnstile junctions along the horn flare and avoiding the need of diplexers at the input of the horn to make the 
design compact and compatible with implementation in focal arrays. 

This activity shall include antenna trade-off and design/analysis of a EM feed assembly. Secondly, the EM shall be manufactured and tested.  In the design phase, attention shall be given to 
material and processes, possibly considering carbon fibre, and robustness w.r.t. passive intermodulation and multipaction. 
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Ref. Activity Title Procurement Policy Budget 
(KEUR) 

Planned 
Tender Issue 

Estimated Duration 
(months) 

5B.084 
(10.1TT.15) 

Pointing and tracking system for Ku band reflector antennas Open Competitive Tender Type: C 700 3Q 2010 18 

Objective: The objective is to design, manufacture and test an EM feed for a Ku band Antenna Tracking and Pointing System using a shaped reflector. 

Description: Today all Ka− band pencil beams missions implement an Antenna Pointing System. Excellent in-flight performances have been demonstrated and the different building blocks (Tracking feed, 
receiver, trimming and pointing mechanisms) have been made available by several companies. However there is no similar system at Ku band. 

This activity shall investigate the transposition of Ka-band state-of-the-art antenna pointing system to Ku-band missions implementing shaped reflectors. The main pointing error contributors 
at spacecraft level shall be identified and solutions shall be proposed to improve in-orbit End Of Coverage (EOC) Gain performances by compensating the effects of satellite attitude, reflector 
thermoelastic distortions (short and long term) and manufacturing errors (bias).  

Solutions implementing 2 reflectors on a common structure, e.g. pallet, one for the communication link (shaped or not) and the other one for the tracking have already been implemented at 
Ka-band. By implementing the communication and tracking feeds on the same reflector it is expected to decrease the mass and volume while possibly improve pointing performances thanks 
to the higher available directivity. This improvement is also considered as of major interest in case the isolation area is located close to the service area.  

Based on analysis at spacecraft and antenna level, this activity will define the Antenna Tracking and Pointing System and perform the design, manufacturing and test of a Ku band EM 
tracking feed. Measurement at feed level shall be used to confirm the targeted antenna improvements. 

 
 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

5B.085 
(10.1TT.16) 

Zooming and steering antenna for satellites in high elliptical orbit Open Competitive Tender Type: C 500 2Q 2010 18 

Objective: The objective of the study is to design, manufacture and test zoomable and steerable breadboard antenna for satellites in highly elliptical orbits (HEO)  

Description: For high latitude areas, highly elliptical orbits (HEO) exhibit some advantages for communication satellites compared to the satellites located on the geostationary orbit. These advantages 
offer a better regional coverage on the areas that are either affected by strong fading or that are simply not visible from the geostationary orbit. Recently, within the context of the European 
SESAR project, ESA has investigated the potential benefit of HEO satellites to cover the high latitude regions of Europe, where major airplane routes take place. An intermediate outcome of 
this activity is that the antenna gain achieved by a non-zooming solution might be insufficient and the corresponding payload not feasible on current platforms. 

A particular feature of the HEO systems is that the coverage shall vary as satellites circulate on their elliptical orbit. This requires the shape of the antenna beam to change accordingly, in a 
dynamical way. The antenna shall therefore have both zooming and scanning abilities. Several antenna solutions such as array fed reflector with electrical or mechanical control of the 
zooming and/or steering can be envisaged.  

The proposed activity is in line with current plans to use highly elliptical orbits, also to improve Arctic communications.  

It is proposed to consider the IRIS requirements (SESAR project) as baseline for the study. Other missions using HEO might be targeted in agreement with ESA. The requirements for the 
zoomable and steerable antenna shall be consolidated and suitable candidates for the antenna system shall be identified. A breadboard model to demonstrate the performance of the antenna 
shall be designed, manufactured and tested for the proposed antenna solution.  

 



Annex 2 
Page 25 

 

Ref. Activity Title Procurement Policy Budget 
(KEUR) 

Planned 
Tender Issue 

Estimated Duration 
(months) 

5B.086 
(10.1TT.17) 

Miniaturized space antenna for VHF and UHF applications Open Competitive Tender Type: C 500 Priority 2 18 

Objective: The objective of this activity is to design, manufacture and test a miniaturized space antenna for VHF and UHF applications  

Description: Although the majority of satellite communications operates at frequencies above L-band, there are interesting opportunities for satellite communications in the UHF and lower frequency-band 
spectrum. In addition, within the ITU WRC−11 preparation process it is suggested to reshuffle the existing VHF bands, and investigate the suitability of using these bands for satellite 
communications, tracking and tracing, and maritime messaging services. 

Several commercial applications have been identified that would benefit from compact VHF and/or UHF antennas with State of the Art performance. As example, one may mention:;  

− small low frequency TTC antennas for small satellites  

− improved satellite AIS performance using smaller satellite platforms 

− reception of Automated Dependant Surveillance-Broadcast (ADS-B) by satellite at 1090 kHz or VHF ranges (108-156 MHz) 

- Future VHF/UHF messaging payloads  

- UHF piggy back GEO payloads  

Currently, for most of these applications, the antenna size is a driving factor for the platform selection. Typically, satellites which are used for AIS or other lower frequency monitoring 
purposes are low earth orbit micro/mini-satellites which cannot accommodate large antennas. This has also been flagged in an internal ESA study by a joint action task force on this topic. 
Conventional antenna designs lead to unacceptable mass and volume. 

New topologies of printed circuit antenna, spin-off from mobile phone antennas and terrestrial applications should be considered. Also recently, an alternative to conventional antenna designs 
has demonstrated good potential. The use of artificially engineered structured materials, known as artificial magnetic conductors (AMC) or artificial dielectrics can offer a compact solution to 
comply with the stringent requirements on volume and mass. 

The activity will develop, manufacture and test an Engineering Model antenna. The final testing shall include RF test in a representative environment. 

NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 
 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

5B.087 
(10.1TT.18) 

Dual-gridded carbon fibre reinforced plastic reflector Open Competitive Tender Type: C 600 Priority 2 => 
Priority 1 
2Q 2010 

18 

Objective: To develop an Engineering Model (EM) of a Dual Gridded Reflector (DGR) in full Carbon Fibre Reinforced Plastic (CFRP).   

Description: There is a requirement for low mass and thermo-elastically stable DGR reflector antennas generally for telecommunications applications. This can be better achieved with full CFRP designs 
than with the conventional Kevlar sandwich designs. 

Previous activities have shown the potential of full CFRP DGR antennas operating in Ka-band. Two alternative grid design concepts have been investigated  

The main advantages of full CFRP designs are low mass and very good thermal stability. 

Work Logic: 
- Further development of a concept to the level of an EM. 
- Investigation of the extension of the concept to other frequency bands 
- Investigation of reflector shaping techniques to produce contoured beams. 
- Investigation of the replacement of the solid rear reflector with a grid to further reduce the mass and acoustic loads. 

NOTE: This is a "Priority 2" activity for which a request for initiation has been received. 

 



Annex 2 
Page 26 

 

Ref. Activity Title Procurement Policy Budget 
(KEUR) 

Planned 
Tender Issue 

Estimated Duration 
(months) 

5B.088 
(10.1TT.36) 

Passive intermodulation products test using near-field measurement techniques  Open Competitive Tender Type: C1 300 Priority 2 18 

Objective: The objective of the activity is to derive information on passive intermodulation (PIM) products, using near-field antenna testing techniques and associated accurate signal processing 
approaches permitting localisation of PIM sources in larger antenna systems. 

Description: Current radiative PIM measurement approaches require a high dynamic range between the power sources and very sensitive receiving level of the receiver operating at potential PIM 
frequencies (multiple integer combinations of two carrier signals) impinging on the antenna structure. Occurrence of PIM products in antenna systems are difficult to trace (for instance 
antennas comprising gridded reflectors and/or frequency sensitive surfaces (dichroics), mesh type reflectors, reflect arrays, feed arrays, etc.).  

Exploitation of near-field antenna measurement techniques allow locking on the desirable harmonic frequency at which PIM might occur. 
Such techniques enable sufficient signal to noise levels and thus the sensitivity to localise the PIM source(s) within the antenna configuration through signal processing applied on the 
measurement data. 

Initial demonstration has been done by Universities and showed promising results. 

This activity shall:  
- Define a testing scenario with antenna under test operating for example in C or Ku-band. 
- Identify existing test facilities and requested modifications for implementing the new PIM measurement features. 
- Configure the facility and perform a PIM measurements utilising the identified techniques  
- Demonstrate the functional and performance aspects regarding PIM sources localisation and quantify improvement w.r.t. sensitivity. 
- Establish further recommendations for radiative PIM testing. 

NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 

 
 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

5B.089 
(10.1TT.37) 

Portable thermal box for antenna measurements Open Competitive Tender Type: C1 
 

350 Priority 2 12 

Objective: To design and manufacture an RF transparent thermal box, compatible with current antenna test ranges aiming at performing antenna measurements in a broad range of temperature 
conditions. 

Description: Antenna testing under operational temperature conditions (hot and cold) will become an important issue for example with the introduction of active components in the antenna system (active 
arrays) and the radiation pattern can no longer be considered as temperature insensitive. For passive systems, and namely for high frequency reflectors (Q/V band), demanding pointing 
accuracy requirements and new reflector materials will also require verification under operational conditions. Since it is not possible to cool down or heat up a full antenna test range, the 
environmental conditions have to be created in an RF transparent thermal box.  

Existing technologies used in thermal boxes are based on either a thermal plate or gas flushing mechanisms. Both technologies are not suitable for antenna test facilities as they are limited to 
planar antennas (thermal plates) or require an extensive infrastructure, not compatible with the rotational freedom of an antenna positioner or the shielding of a Faraday cage (gas flushing).  

This activity aims at a highly flexible RF transparent thermal box, connected to an innovative portable close-circuit system that can be operated in combination with an antenna positioner in a 
CATR (Compact Antenna Test Range) with minimal impact on the existing infrastructure.  

In a first step, current technologies and materials to be utilised for RF transparent thermal boxes and cooling/heating mechanisms shall be evaluated. Design and manufacture of a RF 
transparent thermal box with an appropriate portable closed-loop heating/cooling system shall then follow. 

NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 
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3.3 Repeater Equipment 
 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

5C.126 
(10.1TT.19) 

Solid state power amplifier with reduced footprint Open Competitive Tender Type: C 
 

600 2Q 2010 18 

Objective: The objective of this activity is to develop a SSPA vertically mounted offering significantly reduced footprint. 

Description: SSPA’s are heavily used in telecommunication satellite payload in particular for mobile applications. Often a high number of units are used which results in accommodation issues. Such large 
payloads forces to use long RF cables to connect the SSPA’s for example with the antenna, resulting in high losses (up to 3dB in L band). The payload complexity, the routing and the loss 
reduction could be significantly improved with reduced footprint SSPA’s. 

Currently SSPA’s are mounted flat on heat pipes for thermal reasons. To reduce the SSPA footprint a possible solution is to mount the equipment vertically. This solution is also proposed by 
some overseas SSPA suppliers (e.g. Japan). The overall footprint might be compatible with typical TWT’s. This may have the further advantage for certain payload manufacturers of 
minimizing the effort in payload layout optimization and heat pipe engineering when TWT are being exchanged or replaced by SSPA. 

The activity shall demonstrate the feasibility of vertically mounted SSPA where the RF power modules and drivers are kept close to the bottom of the equipment and therefore close to the 
heat pipes for optimum heat management. The remaining electronic components are mounted vertically as opposed to horizontally in a standard SSPA. The output power target is 15W to 
30W multicarrier in L or S band for 15dB Noise Power Ratio.  

An EM SSPA structure populated with representative output and driver RF section and with representative EPC (DC/DC converter) shall be designed, built and tested. Environmental tests 
including vibrations and TVAC shall be performed. The thermal management of the overall equipment with minor impact on mass (less than 5%) shall be studied.  

 

Ref. Activity Title Procurement Policy Budget 
(KEUR) 

Planned 
Tender Issue 

Estimated Duration 
(months) 

5C.127 
(10.1TT.38) 

Bandpass filter with in-orbit reconfigurable bandwidth Open Competitive Tender Type: C 
 

400 2Q 2010 24 

Objective: The objective is to develop and evaluate techniques for channel filters with in-orbit reconfigurable bandwidth 

Description: Bandwidth, frequency and power reconfigurable payload architectures are currently under development by major satellite manufactures. Today’s fixed bandwidth filters are a major bottle 
neck in such systems and have lead to implementation of switched multiplexers in the input section with additional mass burden due to complex interconnects and switching networks. 
Significant mass and cost savings could be achieved if the switch matrix and the routing are eliminated and use is made of bandwidth reconfigurable channel filters. Reconfigurable filters are 
also desirable in single feed per beam architectures at the transmit beam input port. This allows bandwidth per beam variation.  

Hence in this activity all design challenges, in particular reliability, shall be addressed to enable in-orbit bandwidth reconfigurable channel filters. 

In a first step, a concept for a commandable bandwidth reconfiguration shall be developed and evaluated. In a second step, the concept shall be applied to built and test a bandwidth 
reconfigurable channel filter breadboard to evaluate advantages and limitations and fully demonstrate the technology.  
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Ref. Activity Title 

 
Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

5C.128 
(10.1TT.39) 

Compact Ku band channel filters for input multiplexers Open Competitive Tender Type: C 
 

450 3Q 2010 24 

Objective: The objective is to design and develop a narrow-band and a wide-band Ku band input multiplexer channel filter with a significant size and mass reduction in the order of at least 25%  

Description: In response to the increasing number of channels implemented in many Ku-band broadcast missions, more compact input multiplexers are needed. 
Today, well established dielectric channel filter technology is employed. Similar size and mass savings than in C-band in the order of 25% could be achieved in Ku-band with the 
application of pre-distortion techniques that have already been successfully demonstrated in C-Band.  

Hence in this activity, all design challenges shall be addressed for such compact Ku-band input multiplexers. 
In a first step, a suitable resonator technology shall be developed and then, in a second step, applied to build and test a narrow band and a wide band channel filter (EM) to fully evaluate the 
developed concepts and demonstrate the technology.  

 
Ref. Activity Title 

 
Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

5C.129 
(10.1TT.20) 

High power Ka band output multiplexer Open Competitive Tender Type: C 
 

650 3Q 2010 24 

Objective: The objective is to design, manufacture and test an Engineering Model of a Ka band output multiplexer (OMUX) with 500W power handling per channel for narrow bandwidth applications. 

Description: In response to the growing interest in broadcast services a new frequency band has been allocated in the 17/24 GHz band. In order to achieve a sufficient power flux density on ground (e.g. 
for future BSS applications), transponder power levels exceeding 250W up to about 500W are required. 

The current technology is mainly limited in power handling and thermal constraints to about 250W for narrow bandwidth applications. 

Hence in this activity all design challenges for such a high power OMUX shall be addressed to reach the required 500W RF power per channel. 

In a first step, a channel filter technology shall be developed and evaluated that can cope with power levels of up to 500W. In a second step, a 4 channel OMUX shall then be built and 
tested to fully evaluate the concepts developed.   
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Ref. Activity Title 

 
Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

5C.130 
(10.1TT.21) 

Dual redundant low noise amplifier for Q/V band applications Open Competitive Tender Type: C 
 

500 3Q 2010 24 

Objective: The objective is to design, build, and test a dual-redundant low noise amplifier (LNA) based on new metamorphic low-noise technologies and new redundancy concepts, for future Q/V-
band telecom payloads 

Targeted 
Improvements 

Access to new frequency band. Noise figure improvement from 4 dB to 2 dB and power reduction by a factor of 5 compared to existing designs. 

Description: Although the commercial exploitation of Ka-band has recently started it is clear that there is a need to prepare a next generation of broadband satellites able to satisfy the growing need for 
broadcast interactive applications such as 3-dimensional TV (3DTV), live video and video conferencing. This will require the availability of higher number of beams on the user side and 
new frequency bands such as Q/V-band for the feeder link initially, and for the user link in a second step.  

The exploitation of higher frequency band (Q/V) will offer a substantial increase in the capacity for the needs of both public and private sector satellite service users. Another area of 
possible Q/V band applications is the (secure) communication links between high altitude platforms (HAP) and low orbit or geostationary orbit satellites. 

Among others, one key element in the Q/V-band communications payloads is the LNA. Low noise figure and reliability are the key parameters of this unit. Moreover, minimising the power 
consumption is very desirable.  

Today, noise figures of slightly less than 4 dB and power consumption of 160 mW are approximate values for a V-band LNA with 40 dB gain used in Alphasat technology demonstration 
payload (TDP5). By today’s standards, the performance cannot be considered better than moderate. Moreover, this LNA is internally non-redundant and thus not suitable for commercial 
satellite applications.  

In order to achieve the reliability target, new architectural and technical concepts (possibly based on microelectro-mechanical switches, MEMS) have to be investigated. The evolutions in 
the low-noise technologies (metamorphic) shall be adopted for noise performance improvements. The metamorphic technology allows lower power consumption which is also 
advantageous. Based on the latest metamorphic technologies, noise figure and power consumption of 2 dB and 30 mW, respectively, could be expected.  

The activity aims at developing the redundant LNA at EM level using European or Canadian low-noise processes. Noise shall be minimised by adopting low-loss architectures and high 
performance redundancy switches (possibly MEMS). Compatibility with future integration in an antenna focal array shall be considered at the time of requirements elaboration. A complete 
dual-redundant LNA EM, comprising the above elements, shall be designed, built and tested.  
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Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

5C.131 
(10.1TT.40) 

Compact high power S band output matrix Open Competitive Tender Type: C 
 

450 Priority 2 24 

Objective: The objective is to develop and demonstrate a large compact multiport coupler concept for high power output matrices.  

Description: Output matrices such as Butler Matrices are an enabling technology for multiport amplifiers (MPA) to achieve beam switching and steering in satellite systems. In particular in S-Band there 
is a need for compact equipments that can also cope with the predicted increase of power per channel by at least 3dB (about 500W per port) in the near future. In addition there is a need for 
noise reduction, which can be achieved by careful design based on an advanced concept of the output matrix. 

Current technology of output matrix configurations doesn’t offer any noise reduction features and are large and complex assemblies because of the cascaded hybrid couplers that are 
typically employed. 

Hence in this activity all design challenges for a compact, high power S-band output matrix shall be addressed including the development and evaluation of concepts for noise reduction. 

In a first step, realisations for output matrices for S-band MPAs shall be studied including the propagation of intermodulation products. In a second step a concept for a compact realisation 
shall be developed that minimises crossovers, footprint and assembly complexity before finally building and testing a S-Band high power output matrix (EM) to fully demonstrate the 
advantages and limitations of the developed concepts and technologies. 

NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 
 

 

Ref. Activity Title Procurement Policy Budget 
(KEUR) 

Planned 
Tender Issue 

Estimated Duration 
(months) 

5C.132 
(10.1TT.23) 

Frequency converters for Q/V band Open Competitive Tender Type: C 
 

750 Priority 2 24 

Objective: To design, build, and test an engineering model of a Q/V band frequency converter. 

Description: The need for bandwidth in satellite communications and broadcasting is constantly increasing. It is prospected that the capacity at the Ka band will soon become, in some specific areas, 
crowded due to emerging applications such as broad-band internet, satellite-HDTV, live video, telemedicine, interactive gaming, video conferencing, and others. The exploitation of higher 
frequencies (Q/V band) will offer a substantial increase in the capacity for the needs of both public and private sector satellite service users. It is foreseen that Q/V band will be employed in 
the near term by gateways and on the long run also by individuals similarly to what happened in Ka-band. 

The new availability of high frequency European MMIC processes allows for the design of an ITAR-free RF chain including the Local Oscillator (LO) unit for Q/V band frequency 
converters, which may also benefit from the latest developments in the field of high frequency filters as well as integration schemes. 

Indeed, frequency converters are one of the key elements for Q/V band links to be used in future telecommunications payloads.  

High linearity, low phase noise, low mass, low power consumption and, last but not least, cost are all important parameters. Different conversion schemes (e.g. fundamental, sub-harmonic) 
shall be investigated and traded while the phase noise of the LO unit shall be analysed. In addition, new filter technologies and integration schemes shall also be assessed and traded. 
Finally, an overall trade-off shall be made in order to optimize simultaneously the global performance (RF, power consumption and mass) as well as the projected equipment cost. An EM 
of a complete converter comprising amplifiers, mixers, filters, and frequency multipliers shall be built and tested. 

NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 
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Procurement Policy Budget 
(KEUR) 

Planned 
Tender Issue 

Estimated Duration 
(months) 

5C.133 
(10.1TT.24) 

AlN collectors for high-power Ka-band TWTs Open Competitive Tender Type: C1 600 Priority 2 24 

Objective: The objective is to design, manufacture and test an AlN (aluminium nitride) collector and to implement it into a state-of-the-art Ka band TWT. 

Description: The trend in output power of TWTs has been on the rise over the years leading to severe technological limitations of current TWT designs and more specifically in Ka-band where Europe 
has still, so far, the undisputed leadership. 

Past ESA TRP and GSTP activities have identified Aluminium Nitride (AlN) as an excellent ceramic to handle high power dissipation and high voltage and have proven the suitability of 
AlN as an electrical insulator in shrink fitted collectors. 

However, the mastering of the material processes as well as of the preliminary treatments need to be improved in order to fully secure the European competitiveness at Ka-band through the 
use of AlN based TWTs for future high power applications. 

At first, a thorough validation of the AlN material for standard shrink-fitted collectors will be performed. This will include the batch analysis to check the material reproducibility, margin 
tests on gun-collector sub-assemblies, and tests with a typical mission profile on existing radiation cooled TWTs. Brazed collector technologies will also be addressed enabling a further 
increase of the power density. Technological activities shall aim at developing processes for the metallization and high temperature brazing of AlN, without modifying its physical 
properties. Secondly, several brazed collectors with AlN shall be assembled and tested on dedicated sub-assemblies and, finally, one AlN collector (shrink-fitted or brazed technologies) 
shall be integrated and functionally tested on a state-of-the-art high-power (~200W) Ka-band TWT. This will fully demonstrate the maturity of AlN collectors for high-power Ka-band 
TWTs and will pave the way to their use with higher power tubes (e.g., 300 W, Ka-band). 

NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 
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3.4 TT&C and Data Handling 
 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

5D.016 
(09.153.18) 

Cryptographic processor for control of telecom processing payloads Open Competitive Tender Type: C 700 2Q 2010 18 

Objective: To manufacture and test a breadboard of a standalone cryptographic module to protect communications for control and reconfiguration of advanced payloads (SDR-based). The normal 
satellite TT&C path is independent of the path for control and operation of the payload. 

Description: This activity addresses the early phases of a program to develop a spaceborne cryptographic module to protect space communications for control and operation of advanced telecom satellite 
payloads. It is oriented towards establishing requirements and solutions considering in particular the security aspects ensuring advanced telecom payloads can be commanded and 
reconfigured also under adverse conditions. Existing TT&C–based solutions suffer from limitations imposed by old packet protocol standards. New ECSS telecommand and telemetry 
packet protocols standards (ECSS-E-50-04-A and ECSS-E-50-03-A approved in November 2007) offer the required flexibility and data transport capability to accommodate both security 
overhead and higher data throughput.  

The target product of the program is a standalone cryptographic module capable of independent operation in a space environment. It is intended to be used to protect communications for 
control and operation of payloads independently from the platform command path and aims at providing with a number of advantages over traditional platform TTC solutions (e.g. 
emergence of separate security domains mapping with distinct responsible parties, capability for payload and platform security requirements and technology to evolve separately). This 
module is intended to be used in various application contexts, including the protection of space communications for control and configuration management of commercial communication 
satellite payloads implementing on-board digital processing. The target product shall have the capability to be used as part of a larger configuration of a trustworthy system (e.g. 
communication security subsystems, information security systems) without undermining the security of the whole. Motivation: Since 2003, the U.S. government, through NSTISSP No. 12 
‘National Information Assurance (IA) Policy for U.S. Space Systems’, mandates the use of appropriate security methods to protect space systems, including commercial communication 
satellites  used for government services. In Europe the need for cryptographic capabilities has been identified and the demand is likely to grow as customers and operators focus on the 
vulnerability of operation links and associated risk for the availability of space communication services. 

The activity will include the system design and the design, breadboarding and test of a cryptographic processor compliant to the ECSS-E-50-03-A and ECSS-E-50-04-A. 

Ref.: S. Clarke, A. Mason, J. Russell. ‘Bridging the Gap between Military and Civil Security in Satellite Applications’, 24th AIAA International Communications Satellite Systems 
Conference (ICSSC), San Diego, California, June 2006. 
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Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

5D.017 
(09.153.19) 

Satellite Wireless Access point on launcher for monitoring of the passenger Open Competitive Tender Type: C2 500 Priority 2 18 

Objective: To define, design, manufacture and test a breadboard of a Satellite Wireless Access point on launchers for monitoring of  the passenger satellite.  

Description: Satellite designers would like to monitor a lot of parameters during the launch (temperature, vibrations, shocks) to make correlations with the predicted behaviour and the specifications. 
This is difficult because the launcher services for TM are limited, most units are off on the passenger satellites and currently any data link for monitoring purpose will require wires between 
the launcher and the passenger satellite and a special connector. With a dedicated wireless TM access on the launcher itself, data can be transmitted from sensors implemented on the critical 
points of the passenger satellite without the complication of wires to the launcher and special connectors. 

The distance between the launcher and the passenger satellite is at most a few meters implying RF and optical system can be used. Optical systems bring the benefit of no radio emission 
and should be easily acceptable to the launcher authorities. The mass is important because units are implemented at the last stage of the launcher and on the satellite. The data rate varies 
from low (temperature) to high (shocks). The average data rate will be constrained by the TM allocation given by the launcher TTC sub-system. Compression techniques can be used but 
without loss of information to ensure a generic design for any satellite and any parameter. Storage can be used to smooth the data rate up to the final separation. After separation the 
launcher TM facilities are no more available and communication to ground will be cut. On the satellite, there will be a centralized unit connected to a set of key monitoring points 
determined by the satellite manufacturer on a case by case basis. This extra hardware shall be very light and have a very low power consumption. The existence of mixed analogue digital 
ASICs allows monitoring of temperature, vibrations and shocks with a minimal impact on the passenger satellite budgets. The internal monitoring system can possibly also make use of 
wireless techniques or a light weight wired bus. 

The experience acquired on optical wireless communications includes test flights (INTA Nanosat-1) and Photon (optical wireless implementing the CAN bus protocol) shows the technical 
feasibility of the concept from the communication side.  

The activity shall initially focus on the system definition considering the passenger satellite and the launcher. Following this a baseline design will be established, breadboarded and tested. 

NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 
 

 



Annex 2 
Page 34 

 

4. USER TERMINALS 
 
Ref. Activity Title Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

7-.006 
(06.153.38) 

Self-pointing, Planar Antenna for Television Reception Open Competitive Tender Type: C1 1000 Priority 2 18 

Objective: The objective of this activity is to design, manufacture and test a prototype of a self-pointing planar antenna for Ku-band television reception employing phase steering technology. 

Description: A planar phase steered antenna will have several advantages over a parabolic antenna such as: requires no mounting apparatus; can be directly screwed onto a wall; discrete appearance; no 
manual pointing; multi satellite scanning ability w/o motor The antenna will in isolation be more expensive than a conventional solution. A market exists considering the following aspects: 
people not capable/willing to do a relatively complex installation of a parabolic dish requiring installers; people willing to pay extra to have a more discrete antenna; and in some areas it 
may be the only possible solution due to local authorities/owner associations. 

To achieve a phased array antenna with size required for TV reception at acceptable cost, the constraints and opportunities of the operational environment must be fully exploited. Firstly, 
the antenna will be fixed. It will be located in Europe and will only cover the geostationary arc. Constraining latitude and longitude of the installation and the geostationary coverage to 
certain, acceptable range, and setting bounds on the wall properties where the antenna will be mounted (south and vertical within certain accuracy/range), a simplification in phase steering 
can be obtained which can be exploited for implementation and result in reasonable recurring costs. Balancing performance, complexity of implementation and ease of installation will be a 
major trade off. Technology investigations are required such as considering utilisation of cheap, existing LNB components and novel phase steering concepts such as variable width/height 
waveguides. 

NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 
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Ref. Activity Title 

 
Procurement Policy Budget 

(KEUR) 
Planned 
Tender Issue 

Estimated Duration 
(months) 

7-.020 
(10.1TT.25) 

Direct To Home system demonstrator for high throughput multimedia applications Open Competitive Tender Type: C2 
 

1200 3Q 2010 24 

Objective: The activity shall study, develop and validate the system and key technologies for the next generation of high speed (up to 400Mbaud) IP-based broadcasting in future Ka band or Q/V 
bands satellite systems with transponder bandwidth up to 500 MHz.  

Description: The current scenario of broadcasted services is mainly Standard (SDTV) and High Definition TV (HDTV) on a saturated 36MHz Ku-band transponder using the DVB-S2 modulation 
standard, reaching up to 60-80 Mbaud. The maximum corresponding user data rate therefore around 100-150 Mbps. The current technology broadcast services in Ka-band are foreseen as a 
multi-carrier operation of the wideband transponder. Supporting larger bandwidth broadcast carriers will result in the following benefits: 

- single carrier operation of future wideband transponders with a gain of 1-3 dB in output power and  
- to increase the number of channels that the consumer can receive as well as support bandwidth hungry applications such as 3DTV. Additionally the DVB-S2 standard may need to be 

adapted to efficiently support very high rates by including new features.  

The activity is planned in 2 phases.  

Phase1 will start with the definition/extension of the advanced broadcasting multimedia services by particularly targeting the following aspects:  

- High channel baud rate (up to 400 Mbaud) and max data rate up to 1.5 Gbps  
- Support of high order modulations (up to 16 APSK) and a modified DVB−S2 air interface for a reduced complexity implementation (time slicing) and heavy fading environment 

(extended MODCOD set, constant framing with Variable Coding and Modulation –VCM-)   
- Video/IPTV broadcast services: Combining in only one channel low and high resolution TV and on demand video streaming in conjunction with Scalable Video Coding (SVC). This 

phase will end with the architectural design of the modulator and demodulator prototypes.  

Phase2 shall complete the detailed design of the prototypes and carry out the implementation. Efficient and fast processing architectures (parallelization, multi-cores) will be considered 
together with the maximum exploitation of COTS and fast prototyping platforms (FPGA) to reduce the cost of the prototype. Laboratory tests with a realistic Ka and Q/V channel emulator 
(can be provided by ESA upon request) shall be defined and preformed. High throughput multimedia applications shall also be demonstrated. The prototype shall include all the 
functionalities of commercial equipments and shall support a modified air DVB−S2 air interface (extended set of MODCODs, constant framing for VCM, time slicing), RX self 
equalization and TX pre-distortion. 
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Procurement Policy Budget 

(KEUR) 
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Tender Issue 

Estimated Duration 
(months) 

7-.021 
(10.1TT.26) 

Ultra rapid deployable antenna Open Competitive Tender Type: C1 
 

500 2Q 2010 18 

Objective: The objective of this activity is to design, manufacture and test a Ku band foldable antenna especially for security and emergency scenarios.  

Description: Bidirectional high data rate ad-hoc satellite links are needed in several security and emergency scenarios to exchange various vital data information in remote locations where other 
telecommunication infrastructures may be either not available or inadequate (disaster recovery, civil protection, crime prevention, defence, etc.). The Ku frequency band for satellite 
communication with its available bandwidth is well suited for this application. However, Ku-band antennas tend to be large and difficult to transport or cumbersome to deploy, limiting their 
use in these situations. 
 
This activity will investigate new developments that can provide very compact, easily transportable and ultra rapid deployable antennas. This includes textile array antennas (building on 
current ESA project in ARTES 5, combined with self-inflatable structures, as well as pop-up structures as currently used for tent deployment (see http://seconds.quechua.com/)  
 
This activity fits well into emerging initiatives in ESA such as GIANUS (building upon quickly deployable satellite communications for crisis management), and answers to user needs as 
found during previous ESA activities in the area of Civil Protection   
 
The activity will develop, manufacture and test a prototype antenna, including the backing structure to point and maintain pointing of antenna. The final testing shall include a 
demonstration with test over satellite using a COTS modem to transmit and receive data (also using a COTS transceiver). In terms of initial requirements, the antenna shall have 
performance equivalent to a metallic dish of at least 80cm diameter in terms of gain in transmit/receive. It shall operate in Ku-band. Coverage (in terms of elevation) shall be mainland 
Europe. When folded, the antenna shall have volume corresponding to a normal backpack.  
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7-.022 
(10.1TT.41) 

Characterisation of the mobile tracking needs Open Competitive Tender Type: C1 
 

200 3Q 2010 24 

Objective: The objective of this activity is to make available a database that provides relevant statistical data for the design of tracking systems for mobile satellite antennas. 

Description: Several companies that design satellite antennas have experienced difficulties in obtaining relevant data for the mobile environment and have expressed interest in having a database here 
this data is made available (e.g. TTI, JAST and ERA). Statistical data, such as rates and acceleration for turnings in yaw, pitch and elevation as well as statistics on vibration, is of great 
importance when designing the mechanical structure and the pointing subsystem of an antenna.  The database to be developed shall be available online and permit extraction of data 
according to various criteria including different vehicle types and sizes. 
 
The data shall be provided by real measurements over lengthy periods of time and possibly also by modelling. The activity involves building accurate sensors that record movement over 
time to be deployed on various vehicles.  The activity shall include the following tasks: 
- Initial design of database capabilities and functionality by consulting antenna designers to fine-tune needs and priorities. 
- Definition of campaign for data collection and database population; 
- Design, manufacture and test of sensor kit; 
- Implementation of database; 
- Deployment of sensor kit;  
- Measurement campaign (12−18 months); and 
- Population and launch of database 
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(KEUR) 
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7-.023 
(10.1TT.42) 

Planar array active  antennas for mobile terminals Open Competitive Tender Type: C1 275 2Q 2010 12 

Objective: The objective of the activity is study solutions that allow transmit receive or receive only silicon-based electronically steered phased array antennas to be manufactured using only planar 
substrates. 

Description: Background information 
Several techniques and technologies may be combined to achieve the goal of obtaining a cost-reduced planar solution for Ku-band phased array antennas: 
- Silicon technologies (BiCMOS, SiGe) are showing promising performance even at Ku−band.  They offer the potential cost reduction of mobile, phased array antennas due to the lower 
material cost of the semiconductor substrate and size reduction through integration using mixed analogue/digital functions.    
- Digital signal processing techniques are of interest to reduce the analogue complexity in the front end and avoid using RF circuits for linear polarisation setting.  Digital interference 
cancellation algorithms can allow higher analogue interference levels and thus reduce the filter requirements and size in the analogue front end.  .   
- Non-regular spacing and sequential rotation of antenna elements to relax individual component requirements (e.g. amplitude control and phase shifters)are of interest to increase inter 
elements spacing to create more space for electronic components. 
 
Electronically steered phased array antennas in Ku-band are today mostly manufactured and assembled using GaAs components and with the radiating elements printed circuit board (PCB) 
perpendicular to the active components PCB.  The PCB build-up is necessary due to the limited space between the radiators and the size of the active components.   
 
Some recent ESA studies, show that the cost of microwave connectors used to connect these perpendicular PCBs make up roughly 20% of the overall antenna cost and are the 2nd largest 
cost contributor to the antenna after active RF front-end components. Finding solutions to make the front end of Ku-band transmit receive chain (or receive only chain) more compact, 
allowing it to be manufactured in a planar fashion (replacing connectors with vias) and to replace expensive GaAs with Silicon based components can leverage significant cost savings.   
 
There are several risky aspects to be considered, warranting a fully funded ESA study.  The integration level and production yield, thermal management, packaging issues and electrical 
isolation between the transmit and receive chains is crucial for the overall feasibility.  These issues will be studied in the activity and the capabilities and feasibility of the approach mapped 
out.  Particular attention shall be given to the system aspects, ensuring that the overall antenna integration and performance is compatible and offers maximum benefit compared to existing 
(GaAs) based solution. The study shall perform the preliminary design of a silicon based integrated antenna and preliminary associated MMICs,. The use of digital signal processing 
techniques shall be traded off with respect to analogue front end .  Antenna techniques  such as non-regular spacing and sequential rotation shall be studied to ease the requirements and size 
of front end components. 
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7-.024 
(10.1TT.43) 

Inkjet-printed circuit board technology for user terminal antennas Open Competitive Tender Type: C3 
 

350 Priority 2 => 
Priority 1  
2Q 2010 

15 

Objective: To demonstrate by design, manufacture and test a of printed circuit board (PCB) for the radiating panel and associated passive feeding network that inkjet printing technology is a suitable 
alternative to build low-cost user terminal antennas. 

Description: PCB technology is commonly used for the manufacturing of array antennas, because of the improved functionality, lower cost and lower mass as compared to other technologies.  
However, the complex fabrication process of multilayer antennas requires a large number of steps and this affects the yield and cost price.  
 
Direct inkjet printing is gaining interest in the field of electronics manufacture and many printed circuit board manufacturers are investigating the possibility of using this new technology 
for possible much faster and lower cost production of PCBs.  
 
If applied to the fabrication of array antennas it could offer significant advantages: 1) the antenna and (some) of the electronics could be printed at the same time in the same production 
process 2) the printed pattern can be applied to a number of different substrates, flexible or not (curved surfaces are also supported). 3) Fast turn around time for PCB prototypes and 
possibly lower mass production costs. 
 
The interest of such process shall be demonstrated by building and testing of a breadboard of an inkjet printed circuit board for a user terminal antenna  
 
NOTE: This activity was designated as "Priority 2".  A request for initiation has been received. 
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7-.025 
(10.1TT.44) 

G/T portable measurement tool Open Competitive Tender Type: C1 350 Priority 2 18 

Objective: To develop a transportable tool to allow the accurate and consistent measurement of G/T of antennas in-situ.  

Description: Several companies have expressed difficulties in finding the most appropriate way to measure G/T (e.g. TTI &JAST). For distributed array antennas and for small aperture antennas, G/T as 
function of elevation taking into account ground temperature is not done directly by measurement but usually analytically or by combination of analysis and measurement which raises 
concerns about the accuracy of the result.  

Today, G/T is estimated based on analysis and measurements with the noise temperature of the receiver (without antenna) measured separately and merged with the combination of 
measured antenna gain and estimated antenna noise temperature from radiation patterns and sky noise diagrams. This procedure can be tedious. One alternative way of measuring G/T is 
using digital technology. A transmitter emitting a modulated signal and a corresponding demodulator with known performance can be used to calibrate the measurement setup and 
establishing the link losses. The test receiver is subsequently substituted with the DUT to measure the G/T (knowing the BER and Eb/No characteristics of the demodulator).  

By making available to industry a tool with a verified accuracy and easy set-up, scarce and valuable industry resources can be freed to concentrate on designing products and finding their 
way into the market. Moreover, the accuracy is increased due to the fact that the measurements are performed with the antenna in its nominal operating conditions and avoiding sky noise 
models. 

The activity will establish an accurate and convenient method for G/T measurement. As far as possible COTS (Commercial Of-The-Shelf) components should be used to build the tool. The 
tool shall allow measurements of G/T in the range from −23 to +15dBK and cover the frequencies from L-band to Ka-band. It shall allow outdoor measurements over elevation. Simple user 
interfaces and user manuals shall be produced as part of the activity. Once built and verified, the measurement tool shall be delivered to ESA. Companies that work with ESA can then 
borrow the equipment free of charge to perform their G/T measurements. 

NOTE: This activity has been designated as "Priority 2". Priority 2 activities will only be initiated on the explicit request of at least one delegation. 
 

 
 
4.1 User Terminal Mobile 
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7C.015 
(09.353.62) 

ARGOS-3 satellite tags Open Competitive Tender Type: C 2000 4Q 2010 30 

Objective: The objective is to design, manufacture and test a prototype of a miniaturized ARGOS 3 satellite tag operational in marine environments that enables two way communications and provides 
improved battery lifetime 

Description: The activity will trade off architectures and derive sub-system requirements for a miniaturised ARGOS satellite tag.  The activity will include MMIC development to minimise tag as much 
as possible.  A prototype will be manufactured and tested. 

 


