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1 Introduction 

1.1 Objective of this Document 
The objective of this document is to present the ESA Technology Tree, which provides a classification 
system for all technical knowhow that is available in ESA.  

The Tree was initially defined in the frame of the ESTER (European Space Technology Requirements 
database) consolidation activities performed in April/May 2002. The present issue (issue 3.0) is the 
result of the 2012 update carried out by TEC-T with the help of TECNET, and with the help of all the 
Technology Domain Responsibles (TDRs). 

The Technology Tree presented in this document is a living tool and therefore will be subject to 
evolution as necessary. 

1.2 Structure of the Technology Tree 
The Technology Tree has a three-level structure. The first level of decomposition introduces 26 
Technology Domains (TDs). The TDs are then further subdivided into Technology Subdomains (TSs) 
and Technology Groups (TGs), as appropriate.  

For many ESA processes, only the first two levels of the Tree are used, namely the TDs and the TSs. 
An abbreviated version of the table is therefore also provided. 

1.3 Document Overview 
The document is divided into three sections and two Appendices: 

Section 1 (this section) describes the objectives of the document, an outline of the changes between 
issues 2.1 and 3.0, a number of useful definitions and a brief historical background. 

Section 2 contains an abbreviated version of the Tree (only TDs and TSs included).  

Section 3 contains the full tabular format version, with descriptions (all levels included). 

Appendix A provides the latest updated list of the TDRs (ESA contact point list). 

Appendix B provides a detailed description of the changes between issues 2.1 and 3.0 of the 
Technology Tree, including a connectivity matrix between version 2.1 and 3.0. 

In addition, an Excel file is provided on attached CD in order to facilitate the use of the Tree. 

1.4 Historical Background 
ESTER was initially structured around 56 separate TGs (originally referred to as Product Groups). 
During the 2002 update, however, the list grew to include 207 separate items. The main reason behind 
this growth was that data providers had introduced new groups in order to define more accurately their 
area of work or expertise. The resulting cumulative list was not well structured, and, not surprisingly, 
included many duplications and overlaps, thus penalising its overall function. In order to improve the 
situation and provide a more structured classification of technology, the concept of the Technology Tree 
was established.  

Issue 1.1 of the Technology Tree was released in 2003 as the result of a collaboration between the 
Directorate of Technical and Operational Support (D-TOS) and the Technology Harmonisation and 
Strategy Division (IMT-TH). 

Since the first issue in 2003, the Technology Tree has been used both by ESA (e.g. for ESTER, 
Harmonisation, ESA Technology Strategy Long-Term Plan, technology programme workplans), and by 
the European industry. 
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1.5 2012 Update 
Since the last issue of the Technology Tree, things have changed both technologically and 
organisationally, plus a number of comments were made by users on both the content and the 
navigability of the Tree.  

In response to the above comments, the 2012 Technology Tree update has been carried out according to 
the following guidelines: 

• Contact all ESA TDRs for suggestions on changes and improvements to the Technology Tree 
• Analyse all received input and identify areas where there might be overlaps or where there might 

be potential for misunderstanding  
• Analyse areas where no changes have been made, in order to catch issues that might have been 

missed in previous reviews 

Issue 3.0 of the Technology Tree now contains: 

• 26 TDs (26 in issue 2.1) 
• 101 TSs (92 in issue 2.1) 
• 320 TGs (274 in issue 2.1) 

The total number of entries for issue 3.0 is therefore 447. By comparison, issue 2.1 contained 392 
entries, and issue 1.1, 411 entries. An outline of the changes introduced in this latest revision follows: 

• 47 entries have been added 
• 44 entries have an updated title  
• 110 entries have an updated description  
• 7 entries have been moved within the Tree 
• 3 entries have been deleted 
• 9 entries have been split into more than one entry 
• 6 entries have been merged 

More details about the changes, and a connectivity matrix between versions 2.1 and 3.0, are provided in 
Appendix B. 

1.6 Technology Tree Objectives 
The objectives of the Technology Tree are as follows 

• To provide a classification of all technological expertise currently available in ESA for space 
activities. 

• To provide guidance for the identification in ESA of individuals responsible for specific 
technology areas. 

1.7 Definitions 
In the context of this document, the following definitions are applicable: 

Technology A technology is defined as the technical knowhow that is required for the design, 
manufacture and test of a space product, including all related processes. 

Product Space products are all items needed for space activities that can be procured in the 
market, including services. 



ESA STM-277 2nd ed. 7 

 

1.8 Granularity Guidelines 
Consistent with the definition of technology given above, the granularity of the description of TD, TS 
and TG goes from more general (TD) to more specific (TG), as follows: 

• TD: A technology domain includes knowhow relevant to a technical area that can be identified as 
being standalone and can therefore be considered independently of other TDs. 

• TS: A decomposition of a TD to provide a more accurate description of its content in terms of 
different but related technical areas.  

• TG: A further decomposition of each TS to identify a technology that is relevant to a family of 
products but that is not the description of a product in itself. 

An example of a technology category is 3-B-II. The structure and levels are illustrated in Fig. 1.  

 

 
Figure 1: Structure of the Technology Tree  
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2 Technology Tree Issue 3.0 – Abbreviated Version 
TD TECHNOLOGY DOMAIN TS TECHNOLOGY SUBDOMAIN 
1 Onboard Data Systems A Payload data processing 

B Onboard data management 
C Microelectronics for digital and analogue applications 

2 Space System Software A Advanced Software technologies 
B Space segment software 
C Ground segment software 
D Ground data processing 
E Earth observation payload data exploitation 

3 Spacecraft Electrical Power A Power system architecture 
B Power generation technologies 
C Energy storage technologies 
D Power conditioning and distribution including regulation, 

control and distribution 
4 Spacecraft Environments and 

Effects 
A Space environment 
B Environment effects 
C Space weather 

5 Space System Control A Control systems engineering 
B Control systems innovative technologies 
C Control techniques and tools 
D AOCS/GNC sensors and actuators 

6 RF Systems, Payloads and 
Technologies 

A Telecommunication systems/subsystems 
B Radio navigation systems/subsystems 
C TT&C and payload data modulator (PDM) 

systems/subsystems 
D RF payloads 
E RF technologies and equipment 

7 Electromagnetic Technologies 
and Techniques 

A Antennas 
B Wave Interaction and propagation 
C EMC/RFC/ESD 

8 System Design & Verification A Mission and system specification 
B Collaborative and concurrent engineering 
C System analysis and design 
D System verification and AIT 

9 Mission Operation and Ground 
Data systems 

A Advanced system concepts 
B Mission operations 
C Ground data systems (MCS) 

10 Flight Dynamics and GNSS A Flight dynamics 
B GNSS high-precision data processing 

11 Space Debris A Ground- and space-based debris and meteoroid measurements 
B Modelling and risk analysis 
C Debris mitigation, debris environment remediation and 

protection 
12 Ground Station System and 

Networks 
A Ground station system 
B Ground communications networks 

13 Automation, Telepresence & 
Robotics 

A Applications and concepts 
B Automation & robotics systems 
C Automation & robotics components and technologies 
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TD TECHNOLOGY DOMAIN TS TECHNOLOGY SUBDOMAIN 
14 Life & Physical Sciences A Instrumentation in support of life sciences 

B Instrumentation in support of physical sciences 
C Applied life science technology 
D Applied physical science technology 

15 Mechanisms A Mechanism core technologies 
B Non-explosive release technologies 
C Exploration tool technologies 
D Control electronics technologies 
E MEMS technologies 
F Tribology technologies 
G Mechanism engineering 
H Pyrotechnic technologies 

16 Optics A Optical system engineering 
B Optical component technology and materials 
C Optical equipment and instrument technology 

17 Optoelectronics A Laser technologies 
B Detector technologies 
C Photonics 

18 Aerothermodynamics A Numerical methods 
B Ground-based facilities 
C Sensors and Measurement Techniques 
D Flight databases 

19 Propulsion 
 

A Chemical propulsion technologies 
B Electric propulsion technologies 
C Advanced propulsion 
D Supporting Propulsion Technologies and Tools 

20 Structures A Structural design and verification methods and tools 
B High-stability and high-precision S/C structures 
C Inflatable and deployable structures 
D Hot structures 
E Active/adaptive structures 
F Damage tolerance and health monitoring 
G Launchers, reentry vehicles, planetary vehicles 
H Crew habitation, safe haven and EVA suits 
I Meteoroid and debris shield design and analysis 
J Advanced structural concepts and materials 

21 Thermal A Heat transport technology 
B Cryogenics and refrigeration 
C Thermal protection 
D Heat storage and rejection 
E Thermal analysis tools 

22 Environmental Control Life 
Support (ECLS) and In Situ 
Resource Utilisation (ISRU) 

A ECLS 
B ISRU 

23 EEE (electric, 
electromechanical & 
electronic) Components and 
quality 

A Methods and processes for product assurance of EEE 
components, including radiation hardness assurance 

B EEE component technologies 
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TD TECHNOLOGY DOMAIN TS TECHNOLOGY SUBDOMAIN 
24 Materials and Processes A Novel materials and materials technology 

B Materials processes 
C Cleanliness and sterilisation 
D Space environmental effects on materials and processes 
E Modelling of materials behaviour and properties 
F Non-destructive inspection (NDI) 
G Materials and process obsolescence 
H Materials for electronic assembly 

25 Quality, Dependability and 
Safety 

A System Dependability and Safety 
B Software quality 
C Product and quality assurance 

26 OTHERS  
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Appendix A – Technology Domain Responsibles 
The following table lists the contact points in ESA for the Technology Domains defined in sections 2 
and 3. 

 

TD ID TD TITLES TD CONTACT POINTS IN ESA AFFILIATION 

01 Onboard Data Systems Philippe Armbruster TEC-ED 

02 Space System Software Jean-Loup Terraillon 

Nestor Peccia 

Pier Giorgio Marchetti 

TEC-SWE  

HSO-GI 

EOP-GSR 

03 Spacecraft Electrical Power Henri Barde TEC-EP 

04 Spacecraft Environments & 
Effects 

Eamonn Daly TEC-EES 

05 Space System Control Alain Benoit TEC-EC 

06 RF Systems, Payloads & 
Technologies 

Riccardo De Gaudenzi TEC-ET 

07 Electromagnetics 
Technologies & Techniques 

Cyril Mangenot TEC-EE 

08 System Design & Verification Joachim Fuchs  

Benoit Laine 

TEC-SWM  

TEC-MTV 

09 Mission Operation and 
Ground Data Systems 

Nestor Peccia HSO-GI 

10 Flight Dynamics and GNSS Frank Dreger HSO-GF 

11 Space Debris Heiner Klinkrad HSO-GR 

12 Ground Station Systems and 
Networks 

Klaus-Juergen Schulz HSO-GS 

13 Automation, Telepresence & 
Robotics 

Gianfranco Visentin TEC-MMA 

14 Life & Physical Sciences  Robert Lindner TEC-MMG 

15 Mechanisms  Gerard Migliorero TEC-MSM 

16 Optics Luca Maresi TEC-MMO 

17 Optoelectronics Zoran Sodnik TEC-MME 

18 Aerothermodynamics José Longo TEC-MPA 

19 Propulsion Giorgio Saccoccia TEC-MP 

20 Structures  Rafael Bureo TEC-MSS 

21 Thermal Olivier Pin TEC-MTT 

22 ECLS and ISRU Christophe Lasseur TEC-MMG 

23 EEE Components & Quality Ralf de Marino  

Laurent Marchand 

TEC-QE  

TEC-QTC 

24 Materials & Processes Mikko Nikulainen TEC-QT 

25 Quality, Dependability and 
Safety 

Luigi Bianchi TEC-QQD 

26 OTHERS  TEC-T 
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Appendix B – Differences between Technology Tree Versions 2.1 
and 3.0 

Issue 3.0 of the Technology Tree (TT) now contains: 

• 26 TDs (26 in issue 2.1) 
• 101 TSs (92 in issue 2.1) 
• 320 TGs (274 in issue 2.1) 

The total number of entries for issue 3.0 is therefore 447. TT issue 2.1 contained 392 entries, and issue 
1.1, 411 entries. An outline of the changes introduced in this latest revision is as follows: 

• 47 entries have been added 
• 44 entries have an updated title  
• 110 entries have an updated description  
• 7 entries have been moved inside the TT 
• 3 entries have been deleted 
• 9 entries have been split into more than one entry 
• 6 entries have been merged 

In more detail, the major changes that have been introduced are: 

• System Design & Verification (TD8) has undergone major rewriting 
• Space Debris (TD11) was previously only defined down to TS level, TGs have now been added 
• Pyrotechnics has been moved from Structures (TD20) to Mechanisms (TD15) 
• Aerothermodynamics (TD18) has undergone extensive restructuring and rewriting 
• Space System Control (TD5) has had new TSs added and also been rewritten 
• Several new TSs and TGs have been introduced in EEE Components & Quality (TD23), Materials 

& Processes (TD24) and Quality, Dependability and Safety (TD25) 
• A large coordination effort has been undertaken to clarify the split between RF Payload Systems 

(TD6), Flight Dynamics and GNSS (TD10), and Ground Station Systems and Networks (TD12) 
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The following table gives a mapping matrix from the entries of issue 2.1 to the entries of issue 3.0. 
Please note that, in the table, when an entry of issue 3.0 is followed by a * it means that more branches 
were added and therefore a direct match between issues 2.1 and 3.0 is not possible (example: 11-A from 
2.1 now has several subgroups in 3.0, therefore 11-A is now 11-A*). 
 

TT2.1 TT3.0 

5 A I 5-A-I 

II 5-A-II 

B I 5* 

II 5* 

III 5-B-III 

10 A I 10-A-I, 10-A-II 

II 10-A-II 

III 10-A-II 

IV 10-A-III 

B I 10-B-I 

II 10-B-II 

11 A  11-A* 

B  11-B* 

C  11-C* 

18 A I 18-A-I 

II 18-A* 

III 18-A* 

IV 18-A* 

B I 18-B* 

II 18-B* 

III 18-B* 

IV 18-B* 

C I 18-C* 

II 18-C* 

D I 18-D* 

II 18-D* 

K I 15-H-I 

II 15-H-II 

III 15-B 

IV 15-H-IV 

V 15-H-V 

VI 15-H-VI 

VII 15-H-III 
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Appendix C: Acronyms

A&R Automation & robotics 
AIT Assembly, integration and test 
AIV Assembly, integration and verification 
ALD Atomic layer deposition 
AOCS Attitude & orbit control system 
APD Avalanche photodiode 
APS Active pixel sensor 
ASIC Application specific integrated circuits 
ASSP Application specific standard products 
BCR Battery charge regulator 
BDR Battery discharge regulator 
BEC Bose-Einstein condensate 
CAD Computer-aided design 
CCD Charge-coupled device 
CFD Computational fluid dynamics 
CFRP Carbon-fibre-reinforced plastic 
CMC Ceramic matrix composite 
CMG Control moment gyroscope 
CMOS Complementary metal oxide 

semiconductor 
COSPAR COmmittee on SPAce Research 
CPL Capillary pumped loop 
CPT Coherent population trapping 
CSOS Complex System of Systems 
CVD Chemical vapour deposition 
CW Continuous wave 
DC Direct current 
DRS Data relay satellite 
DSP Digital signal processor 
EAP Electroactive polymer 
ECLD External cavity laser diode 
ECLS Environmental control & life support 
EEE Electric, electromechanical & 

electronic 
EGNOS European geostationary navigation 

overlay service 
EGSE Electrical ground support equipment 
EMC Electromagnetic compatibility 
EO Earth observation 
EPC Electronic power converter 
ESD Electrostatic discharge 
ESTEC ESA’s European Space Research and 

Technology Centre 
ESTER European Space Technology 

Requirements database 
EUV Extreme ultraviolet 
EVA Extra-vehicular activity 

FD Flight dynamics 
FIR Far-infrared 
FOG Fibre-optic gyro 
FPGA Field programmable gate array 
GNC Guidance, navigation & control 
GNSS Global navigation satellite system 
GPS Global positioning system 
GSE Ground support equipment 
HCI Human computer interface 
HEB Hot-electron bolometer 
HMS Health monitoring system 
HPA High-power amplifier 
HRG Hemispherical resonator gyro 
HVI High-velocity impact 
HW Hardware 
IC Integrated circuit 
IGBT Insulated gate bipolar transistor 
IMU Inertial measurement unit 
I/O Input/output 
IP Intellectual property 
ISRU In situ resource utilisation 
ITAR International Traffic in Arms 

Regulations 
LDA laser-diode array 
LED Light-emitting diode 
LEO Low Earth orbit 
LHP Loop heat pipe 
LNA Low noise amplifier 
LOX Liquid oxygen 
M&C Monitoring & control 
M&D Meteoroid and Debris 
MCS Mission control systems 
MCT Mercury cadmium telluride 
MEMS Micro electro mechanical systems 
MEO Medium Earth orbit 
MMC Metal matrix composite 
MMIC Monolithic microwave integrated 

circuit 
MOEMS Micro-opto-electro-mechanical 

systems 
MOS Metal oxide semiconductor 
MOSFET Metal oxide semiconductor field effect 

transistor 
NCO Numerically-controlled oscillator 
NDI Non-destructive inspection 
Nd:YAG Neodymium-doped yttrium aluminum 

garnet 
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NIR Near-infrared 
OMG Object management group 
OSRC Optical stabilising reference cavities 
PA Product assurance 
PCU Power conditioning unit 
PDM Payload data modulator 
PDU Power distribution unit 
PPU Power processing unit 
PVD Physical vapour deposition 
QA Quality assurance 
QCL Quantum cascade lasers 
QCW Quasi-continuous wave 
QDIP Quantum dot infrared photodetector 
QWIP Quantum well infrared photodetector 
RE Rare Earth 
REACH Registration, evaluation, authorisation 

and restriction of chemical substances 
RF Radio frequency 
RFC Radio frequency compatibility 
RHA Radiation hardness assurance 
RoHS Restriction of hazardous substances 
RTM Resin transfer moulding 
RVD Rendezvous and docking 
SAR Solar array regulator 
SAR Synthetic aperture radar 
S/C Spacecraft 
SOC System-on-a-chip 
SQUID Superconducting quantum interference 

device 
SRC Stabilising reference cavity 
SW Software 
TD Technology domain 
TDR Technology domain responsible 
TECNET ESA Technology Network 
TG Technology group 
TNL Thermal noise limit 
TS Technology subdomain 
TT Technology tree 
TT&C Telemetry, tracking and command 
TWT Travelling wave tube 
UHT Ultra-high temperature 
VCO Voltage-controlled oscillator 
VCSEL Vertical cavity surface-emitting lasers 
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