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This report summarizes the PAE’'s pr
following main objectives:

1. Having a common understanding and language to define our Strategic
Research Agenda (commonly accepted definitions of technologies).

2. Classifying the entries in our Catalogue of Capabilities and
Infrastructures.

3. Obtaining, by analysis of the classified information, a better
knowledge of our needs and capabilities to do research and taking
better decisions.

The report is divided in two parts: the overview of the different levels of
the taxonomy (taxonomy trees) contained in the basic document and the
detailed description of all the branches contained in the present Annex.
There is a similar document defining the PAEROTAXONOMY.

The following references have been used to prepare this document:

R1* NASA Technol ogy Roadmaps”™ May 20

R2° ESA Technol-2dfVersionr3.8 ®ctobes2DN3

R3* Technol ogy Roadmap of SMART”, th
Program, draft 2, published in January"12017and used in part as a

gui de Newindustty paratligms for space manufactufingp ar t o
the SPACETAXONOMY

R4 Nort h American I ndustry Cl assi fi

R5*"REGULATION (EC) No 1893/2006 OF THE EUROPEAN PARLIAMENT A
OF THE COUNCIL of 20 December establishing the statistical
classification of economic activities

R6* Space Economy at a glance 2014",
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https://www.nasa.gov/offices/oct/home/roadmaps/index.html
http://www.esa.int/About_Us/ESA_Publications/STM-277_ESA_Technology_Tree
http://www.smartam.eu/docs/SMART-Technology_Roadmap.pdf
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http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32006R1893&from=en
http://www.oecd.org/science/sci-tech/the-space-economy-at-a-glance-2014-9789264217294-en.htm
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PAE What the people is working for?
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What the space activity is
applied for?

A 4

SPACE & SOCIEA)Y (

How the relationship with other
sectors is?
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Class 1 - Research & Technolqu Domain Page
How do we make the things? 6

73

74

75

76

1-H [Communications (RF & Optical) 77

1-H-1|Telecommunication Systems/Subsystems 79

1-H-2|TT&C and payload data modulator (PDM) Systems/subsystems| 80

1-H-3|RF Payloads 81

1-H-4|RF Technologies and equipment 82

1-H-5|Antennas 83

1-H-6/Wave Interaction and Propagation 84

1-H-7|EMC/RFC/ESD 85

1-H-8|Photonic technologies (Emitter, Detectors, and photonic devicef) 86

1-H-9|Optical equipment for communications 87

1-1 |Science Instruments, Observatories & Sensors 88

1-1-1 |Remote Sensing Instrument & Sensors 90

1-1-2 [Observatories 91

1-1-3 |In-situ Instruments and Sensors 92

1-1-4 |Cross-cutting support technologies and tools 93

1-C |Power 33
1-C-1|Power System Architecture 35
1-C-2|Power generation technologies 36
1-C-3|Energy storage technologies 37
1-C-4|Power conditioning and distribution, control, regulation 38
1-D |Avionics (OBDH, S/W, components) 39
1-D-1|Payload Data Processing 41
1-D-2|On board Data Management 42
1-D-3|Microelectronics for digital and analogue applications 43
1-D-4|Advanced software technologies 44
1-D-5|Space Segment Software 45
1-D-6|Methods and Processes for management of componéREA included) | 46
1-D-7|Component technologies 47 1-L |Mission Operations & Ground Systems
1-E [Thermal 48 1-L-1[Advanced System Concepts 114
1-E-1|Heat Transport Technology 50 1-L-2|Mission Operations 115
1-E-2|Cryogenics and Refrigeration 51 1-L-3|Ground Data Systems (MCS) 116
1-E-3|Thermal Protection 52 1-L-4|Ground Station System 117
1-E-4|Heat Storage and Rejection 53 1-L-5|Ground Communications Networks 118
1-E-5|Thermal Analysis Tools 54 1-L-6/Ground Segment Software 119
1-E-6|Aerothermodynamics Numerical methods 55
1-E-7|Aerothermodynamics Ground Based Facilities 56
1-E-8|Aerothermodynamics Sensors and Measurement techniques 57
1-E-9|Aerothermodynamics Flight Databases 58
1-F |Propulsion 59
1-F-1 |Chemical Propulsion Technologies 61 1-N |Data Technologies
1-F-2|Electric Propulsion Technologies 62 1-N-1jDat a engineering: integrate, |28
1-F-3|Advanced Propulsion 63 1-N-2[Earth Observation data exploitation 129
1-F-4 |Supporting Propulsion Technologies and Tools 64 1-N-3[Exploitation of Space Science and Exploration data 130
65 1-N-4(Big Data application in space technologies 131
67 1-P [New Space Paradigms 132
68 1-P-1|Use of COTS components/technologies in space 134
69 1-P-2[Mass production techniques for space 135
70 1-P-3|Additive manufacturing (including in space conditions) 136
71 1-P-4{Sustainable Space Manufacturing Supply Chain 137
72 1-P-5|Customer-based Manufacturing 138
July 2017 PAESTXANX01/03 5
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e 2 - Segments of activity Page| | class 4 - Aeronautics and Society Page
What the people is working for? 139 How the relationship with other sectors is? 155
2-A |Space Science 141 4-A_|Other Industries 157
2-B |Research & Technology Development 141 4-A-1j Agriculture, Forestry, Fishing and Hunting 157
2-C [Commercial & Programmes 142 4-A-2Mining, Quarrying, Oil & Gas Extraction 157
2-D |Design 142 4-A-3 Utilities (Energy, Water and other systems) 157
2-E |Manufacturing 143 4-A-4 Construction 157
2-F |Quality 143 4-A-5Petroleum, chemical & plastic products Manufacturing 157
2-G |Assembly, Integration, Verification & Tests 143 4-A-gMetallic & non-metallic product manufacturing 157
2-H |Access to space 144 4-A-7|Machinery Manufacturing 157
2-1 |Mission operations 144 4-A-g Computer, Electrical & Electronic Product Manufacturing 157
2-J |Services & Applications 144 4-A-9Motor Vehicle Manufacturing 157
2K |In-Space Transportation & On-Orbit servicing 145 4-A-1JAIRCRAFT & MISSILES PRODUCTS AND PARTS MANUFACTURING 157
2-L |Space Situational Awareness 145 4-A-11Railroad Products Manufacturing 157
2-M |Human Factor 146 4-A-12Ship & Boats Manufacturing 157
2-N_|General Management & Administration 146 4-A-13 Cther Transport Equipment Manufacturing 157
4-A-14 Other Manufacturing 157
3 - Solutions for Society Page 4-A-15AIR TRANSPORTATION 157
Class| o ) 4-A-16Other Transportations 157
What the space activity is applied for? 147 - - -
- 4-A-17Engineering Services 157
3-A |Earth Observation 149 - -
3B |Navigation 150 4-A-18Health Care & Social Assistance 157
9 — 4-A-190THER SERVICES AND OTHER SECTORS 157
3-C |Communications 151
- 4-B |Economy 158
3-D_[Security 152 -
4-C |Policy 158
3-E |Defence 152
- 4-D |Law 158
3-F |Science 153 - -
- - 4-E |International co-operation 159
3-G |Robotics exploration 153 -
- 4-F |Education 159
3-H |Manned space flight 154
3-1_|Future Domains 154 4G lOutreach 160
4-H |Humanities 160
July 2017 PAESTXANX01/03 6
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RESEARCH & TECHNOLDOGY

\ 4

DEFINITION:

Covers technology, metho@sd toolsto support system
engineering processdspecification, desigrandverification) of
spacesystems duringhe completemission lifecycléphases 0
to F).Focuses omeducing the scheduland/or costof
development of thespace systeni.e. space andground
segmenj whilst controllingquality andrisk (mission success) to
the requiredlevel. It coversmew paradigmge.g. modelbased
systems engineeringypproaches antechniques for the
development ofspace systems, which aneostly commorto
severalservice domains.

It alsocoverssystem aspects anlOCS/GNC functionethain
engineering

It also includes product safety and dependability, software
quality assurance and product and quality assurance.

(Source: ESA TD8, TD5A, TD25A, B and C and PAE insertic
Cybersecurity)

DN f

\ 4

SUBDOMAINS:

1-A-1. Mission & SystenSpecification / Space System
Engineering

1-A-2. Collaborative & ConcurrenEngineering

1-A-3. System Analysis & Design

1-A-4. System Verification & AIT

1-A-5. System Dependability & Software

1-A-6. Software Quality Assurance

1-A-7. Product and Quality Assurance

1-A-8. Cybersecurity

July 2017
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SYSTEM DESIGN & DEFINITION:
VERIFICATIONA)Y

Covering the early phases of a project development life cycle
focusing on requirement engineering, specification and
architecture formulation

It also covers system aspects and AOCS/GNC functional chdin
engineering.

A 4

(Source: ESA TD8A (Subdomains 1 and 2) and TD5A
(Subdomains 3 to 6))

SUBDOMAINS:

1. Specification Methods and Tools

Methods and tools to support the capture, modelling and
validation of requirements, including definition and
formalisation of system architectures.2. Collaborative &
Concurrent Engineering (CCE)

2. Requirement Engineering

Methods and tools to support the system requirement
engineering process, including requirement management ang
related database issues.

3. AOCS/GNC Architecture

Includes concept and mode definition, and selection and
accommodation of sensors and actuators.

4. Autonomy and FDIR

Covers contretelated aspects and implementation (withE5
and kK-2).

5. Pointing Error Engineering

Covers budget methodology and tools.

6. Control Requirements Engineering

Includes software algorithm specification (witFE5) and
sensor and actuator specification.

A 4

July 2017 PAESTXANX01/03 10
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RESEARCH & TECHNOLOGY (
SYSTEM DESIGN &
VERIFICATIONA)

DEFINITION:

Covering aspects related to the procegconcurrent
engineering as well as thdata underlyingnultidisciplinary
collaboration

A 4

(Source: ESA TD8B)

SUBDOMAINS:

1. Concurrent Design

Includes methods and tools to provide an integrated
environmentfor the concurrent design of a mission/system

2. Data Exchange

Covering methods and standards to support the exchange of
multidisciplinary data, focusing on the data aspects of
collaborative engineering.

3. CollaborativeEngineering

Covers methods and tools to support collaboratiomerhotely
located engineeringeams and access to remote models/data.
Includes aspects of interoperability and deploymeht
correspondingools.

\ 4

July 2017 PAESTXANX01/03 11
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RESEARCH & TECHNOLOGY (
SYSTEM DESIGN &
VERIFICATIONA)
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DEFINITION:

Including systenrto-subsystem interactioand interfaces
relationships betweemlomainlevel analyseand systerdevel
analyses

(Source: ESA TD8C)

A 4

SUBDOMAINS:

1. Design and Simulation

Includes methods and tools to support the modelling and
simulation based desigand verification at system level

2. Multidisciplinary Analysis

Includes methods and tools to support coordinated analyses
different technical disciplines.

July 2017
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RESEARCH & TECHNOLOGY (
SYSTEM DESIGN &
VERIFICATIONA)

DEFINITION:

Covering methods, tools andfrastructure necessarp
integrate and verifgpace systems.

\ 4

(Source: ESA TD8D)

SUBDOMAINS:

1. Advanced AIT Methods
Covering advanced methods, tools and standards to supportjthe
assembly, integration and testing plus verification of space
systems acrosthe life cycle

2. Ground Support Equipment

Covering advanced tools and standards for supporting groungl
activities in all domains across the life cycle.
(GSHor propulsion systems is includedRRGSUT)

\ 4

July 2017 PAESTXANX01/03 13
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RESEARCH & TECHNOLOGY (
SYSTEM DESIGN &
VERIFICATIONA)

\ 4

DEFINITION:

Addresses the reliability, availabilitpaintainabilityand safety
of the entirespace system.

(Source: ESA TD 25A)

\ 4

SUBDOMAINS:

1. Dependability and Safety Methods & Tools

Covers methods and tools to achieve mission success and
hazard control.

2. Technical Risk Management Techniques

Covers the identification, evaluation, mitigation and acceptan
of risks

July 2017
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RESEARCH & TECHNOLOGY (

SYSTEM DESIGN &
VERIFICATIONA)
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DEFINITION:

Addresses the quality of theoftware developmenprocess and
the resulting softwargoroducts

(Source: ESA TD 25B)

July 2017

\ 4

SUBDOMAINS:

1. SWProcess Qualityrechniques

Covers the techniques to assure the quality of the software
development process

2. SWProduct QualityTechniques

Covers the evaluation and certification of the quality of the
software products

PAESTXANX01/03 15




PLATAFORMA TECNOLOGICA |

AEROESPACIAL

ESPANOLA =

RESEARCH & TECHNOLOGY (

SYSTEM DESIGN &
VERIFICATIONA)
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DEFINITION:

Covers thajuality ofspacesystems, their hardware aritie
humanelement.It also addressesethods and tools for the
assessment and managemaesfttechnicalisks associated with
space systems and their operations

(Source: ESA TD 25C with PAE adaptation)

July 2017

A 4

SUBDOMAINS:

1. ProductAssurance Processes for Flight and Ground Systers

Covers the coordination and integration of PA disciplines (QA|,
safety, dependability, EEE parts, materials, mechanical parts,
processes, software PA), auditing, critical items, configuratior
management, alerts, document and data control,
nonconformance contrcand quality records.

2. QualityAssurance Processes for Flight and Ground Syste
Covers assurance of design, manufacture, assembly, integre:Tl
testing, procurement, recurring production, training,
inspections, traceabilitgnd standards

PAESTXANX01/03 16
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RESEARCH & TECHNOLOGY (

SYSTEM DESIGN &
VERIFICATIONA)

\ 4

DEFINITION:

Measures taken to protect the platform/spacecraft interfaces
and the ground system infrastructure against unauthorized
access or attack.

Spacecraft systems (ground and flying infrastructures) includé
intensive use of computer or computer system. The access tc
this information systems require a vulnerability analysis to
protect its integrity and ensure its operation and also to avoid
the possibility of being mislead by false information. It can
include critical systems protection, platform interfaces and
network surveillance, data analytics, information security,
mission assurance, and information operations capabilities.
The risk analysis includes any possible information interface,
physical, radio,

(Source: PAE own elaboration)

ES

July 2017

\ 4

SUBDOMAINS:

1. Cyberdefence
2. Information protection

PAESTXANX01/03 17
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RESEARCH & TECHNOLDGY

" STRUCTURES
MATERIALS &
MECHANISMS

_ (B) )

\ 4

DEFINITION:

Technologies and methodologies related to design, analysis,
manufacture and test of structures and mechanical systems fi
S/C, planetary infrastructures, habitats, launchers sa@htry
vehicles.

Includes metallic and nemetallic structures such as advanced
deployable structures (solar array, radiator, shield and antenn
structures), highioaded structures, highigtable structures
and hot structures.

It also covers the materials mechanics and processes, their
physical and chemical behaviour and the interaction with the
operational environment through the S/C and ground
infrastructure lifecycle. Furthermore, all manufacturing
processes are covered.

All devices with moving parts (e.g. actuators, haddvn &
release devices, pointing mechanisms, deployable booms,
thrust vector control mechanisms); associated specific
disciplines (such as tribology and pyrotechnics) and

tools (such as mechanism and magnetic simulations) are als
included.

(Source: ESA TD 20 (except 20H included ##@ and 1K-9),
TD 24 (24F is included inteBt3) and TD 15)

a

|}

July 2017

A 4

SUBDOMAINS:

1-B-1. Structural Design and Verification, Methods and Tools
1-B-2. Special and Advanced Types of Structures

1-B-3. Damage Tolerance & Health Monitoring

1-A-4. Launcherreentry and planetary vehicle structures
1-A-5. Meteoroid & Debris protection (shield design and
analysis)

1-A-6. Novel Materials & Materials Technology

1-A-7. Materials Processes (including obsolescence)

1-B-8. Cleanliness & Sterilization

1-B-9. Space environments effects on Materials & Processes
1-B-10. Materials for Electronics Assemblies

1-B-11. Mechanisms engineering and core technologies
1-B-12. Release mechanisms

1-B-13- Mechanisms control electronics

1-B-14. MEMS & special types of mechanisms

PAESTXANX01/03 19
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RESEARCH & TECHNOLOGY (

STRUCTURES, MATERIALS &

MECHANISMS-@)

A 4

DEFINITION:

This includes all technologies related to the development and

implementation of mechanical design tools, analysis tools angd

methodologies, testing tools and methodologies, load
measurements and evaluation techniques etc.

(Source: ESA TD 20A)

July 2017

A 4

SUBDOMAINS:

1. S/C Design and Design Tools

Including CAD tools and methodologies.

2. Analysis Tools and Methodologies

Including structural verification tools and methodologies
(acoustics, damage tolerance, therretastic, deployment
simulations, composite stru
3. Testing Tools and Methodologies

Including test data storage tools, test data evaluation tools, te
prediction tools.

4. Inflight/In-orbit Loads and Vibration Measurement
Techniques

Including sensors, integration, data recording/downloading,
data evaluation.

C |

St

PAESTXANX01/03 20
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RESEARCH & TECHNOLOGY ( A Inflatable and Deployable Structures.
STRUCTURES, MATERIALS & A Hot Structures.

MECHANISMS-@)

It includes:
A High Stability and High Precision Structures.

A Active / Adaptive Structures.
A Advanced Structural Concepts and Materials.

\ 4

(Source: ESATD 20 B, C, D, E and J)

SUBDOMAINS:

1. High Stability and High precision Structures, covering:

A material technologies for stable structures (manufacturing, verification,
failure analysis and definition of allowables)

A joining and mounting (interfacing to other structures, verification of
interfaces for higkstability and higkprecision)

A thermo-elastic stability verification (design, analysis and test aspects)

Note: see also-12

2. Inflatable and Deployable Structures, covering:

A design and verification (design tools, deployment simulation, test
methodologies, combined verification methodologies)

A structural material concepts (material testing, laminate / membrane desig
in-orbit curing aspects)

A joining technologies (design and verification of joints: flextbidiexible and
flexible-to-rigid)

3. Hot Structures, covering:

A design and verification for ceramic and metallic hot structures

(manufacturing, detailed design, analysis and tests aspects: static, dynan

and thermaelastic)

A new advanced hot structures materials (such as UHT ones)

A joining technologies (fasteners, brazing and other methods, including
verification)

A health monitoring (sensors, data recording and evaluation)

4. Active / Adaptive Structures, covering:

A sensors / actuators technologies (e.qg. electroactive polymers (EAP), piez
patches, fibres)Mechanisms aspects covered by 1B11, 13 & 14

A technologies for Structural Integration (including application of various
sensor/actuator combinations)

A data acquisition and control logic technologies related to structural dynam
(covering multibody dynamics analysis tools and methodologies)

A design and verification tools and methodologies (including detailed analy$i

and test tools)
5. Advanced Structural Concepts and Materials, covering:
A design and verification technologies for structures manufactured from nov
materials (nanotube reinforced, foams, shkaling materials etc.).

—

C

O

ic

7

el
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MECHANISMS-@)

DEFINITION:

Includes all technologies related to the development and
implementation of damage tolerance and health monitoring
tools, methodologies and hardware, including fatigue, fractufe
control, nondestructive inspection (NDI) and sensor
developments.

\ 4

(Source: ESA TD 20F and TD 24F: identical to subdomain 1 or
TD 20H)

SUBDOMAINS:

1. NonDestructive Inspection Technologies

Including the development of new methodologies and
related

hardware, application in space programmes.

2. StructuratHealth-Monitoring Sensor Technologies
Induding sensor development, structural integration etc.
3. Fracture Control Tools and Methodologies

Including numerical tools, detailed analysis methodologie$
e.g. for nonlinear applications, damage tolerance for

|_composites and ceramics

A 4

July 2017 PAESTXANX01/03 22
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RESEARCH & TECHNOLOGY (
STRUCTURES, MATERIALS &

MECHANISMS-@)

\ 4

DEFINITION:

(ascent, entry, ..) I ncludes
development of vehicle primary and secondary structures,
control surfaces, shields etc.

(source: ESA TZDG)

\ 4

SUBDOMAINS:

1. Technologies for Design and Verification of Advanced
Primary Structures

Including structural concepts for higHlyaded components,
manufacturing methodologies e.g. fibre placement, RTM etc.
2. Advanced Tank Design and Verification Technologies
Including metallic and composite tanks, interfaces to primary
structure, HMS, NDI, damage tolerance approaches, etc.

3. Landing Attenuation Technologies

Including airbag technologies, landing legs, application of
crushable materials, foams etc.

4. Control Surfaces, Design and Verification Technologies
Including design with ceramics as well as advanced metallic
alloys, combined mechanieghermal test methodologies etc.

July 2017
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DEFINITION:

Includes the development of relatehalysis andest tools and
methods,shield developmentsdamage assessments etc

A 4

(source: ESA TD 20I)

SUBDOMAINS:

1. Toolsand Methodologies for Design and Verification of
Meteoroid & Debris Shields

Covers numerical tools, materials models, shield test method
gas gunsshaped charges, data acquisition technologies.

A 4

July 2017 PAESTXANX01/03 24
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RESEARCH & TECHNOLOGY (
STRUCTURES, MATERIALS &
MECHANISMS-@)

DEFINITION:

Includes materials not yet used in space but presenting
potential interest.

\ 4

(Source: ESA TD 24A)

SUBDOMAINS:

1.Material Assessment

Including basic properties, possibility to scalg limitations

2. Nanotechnology

Covering development, manufacture and test of nanotubes,
nano-fibres,nanc-coatings.

A 4

July 2017 PAESTXANX01/03 25
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RESEARCH & TECHNOLOGY
STRUCTURES, MATERIALS 4

MECHANISMS-@)

L It includes:

\ 4

DEFINITION:

A Material Processes (manufacturing and fabrication
techniques)

A Modelling of material behaviour and properties

A Material obsolescence

(Source: ESA TD 24B, E and G)

July 2017

A 4

SUBDOMAINS:

1. Material Processes, covering:

A joining (Including gluing, bonding, welding, brazing, soldering,
fastening, repairing)Technologies of joining for Special and
Advanced types of Structures are covered-By21

A coating (development, manufacture and test of paints, conformd|
coatings, organic and inorganic coatings, theromical coatings,
thermal control materials, optical materials, sggl coatings, ALD,
oxidation protection, finishes)

A characterization and feedback (all aspects related to thermo
physical/ mechanical/chemical properties, letegm ageing
effects)

A advanced materials manufacturing (manufacturing aspects related
to CFRP, ceramics, CMC, MMC, foams, functiegalyient
materials, solyel processed materials, neaet-shape processing
route, PVD & CVD processes, ISRU processes for solid materials
manufacture, nanotechnol ogy as

2. Modelling of material behaviour and properties, covering:

A microstructural anchano-structural characterization of materials

A modelling of thermomechanical Processes of Materials including
lifetime predictions

A characterisation, modelling and testing of fracture mechanics

A thermal analysis of materials (characterisation of the functional
properties of materials from cryogenic to-emtry/launcher
temperatures)

3. Material Obsolescence, covering

A regulation and legislatiotvased obsolescence: addresses the
materials and manufacturing process availability and limitations
due to environmental regulations and export regulations (e.g.
REACH, RoHS, ITAR, etc.).

A scarce materials: due to production stop, bankruptcy, etc.

PAESTXANX01/03 26
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RESEARCH & TECHNOLOGY (
STRUCTURES, MATERIALS &
MECHANISMS-@)

\ 4

DEFINITION:

Includes the techniques, tests and technologies to ensure an
verify that the hardware fulfils the requirements in terms of
contamination, sterilisation and degradation in a broad sense

(Source: ESA TD 24C)

Y

SUBDOMAINS:

1. Sterilisation of Materials

Effect of sterilisation on materials and assemblies, compatibil
of materials with sterilisation techniques.

(Note: Technologies related to verification of the bioburden
reduction process are covered iF_L

2. Control of Molecular Contamination

Outgassing of materials, cleanliness monitoring techniques,
contamination transfer processes, effects on performance,
mitigation, sur f acimducedo nt a mi
contamination, photefixation of contamination.

3. Control of Particulate Contamination

Includes contamination transfer processes, effects on
performance, mitigation, protection, cleanroom monitoring.

ity

N ¢

July 2017

PAESTXANX01/03 27



PLATAFORMA TECNOLOGICA |

AEROESPACIAL

ESPANOLA =

RESEARCH & TECHNOLOGY (
STRUCTURES, MATERIALS &
MECHANISMS-@)

A 4

DEFINITION:

It is concentrated only on the effects on materials of the ground

or space environment and the effects that materials may
produce affecting inhabited environments (on ground and in

space ones). The study of space environment and clean spa¢

requirements on space systems (including materials) is inclug
into 1-M

(Source: ESA TD 24D and PAE own elaboration)

\ 4

SUBDOMAINS:

1. Interactionof Materials with the Space Environment
Electromagnetic radiation from EUV to FIRays, particle
radiation, vacuum, atomic oxygen, charging, contamination,
synergistic effects, dust &
2. Interactionof Materials with the Ground Environment
Covering issues such as storage, logistics, corrosion, swellin
3. Interactionof Materials with the Inhabited Environment
Addressing safetyand performanceelated issues affectintpe
inhabitede nvi ronment such as tox

July 2017
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PLATAFORMA TECNOLOGICA |

AEROESPACIAL

ESPANOLA =

RESEARCH & TECHNOLOGY (
STRUCTURES, MATERIALS &
MECHANISMS-@)

DEFINITION:

It is concentratedn the technologies associated with

electronics assemblies: PCB technologies, surface mounting
technologies and the development of verification techniques for
electronic assemblies (the verification itself is part of the quality
assurance included into-A-7).

\ 4

(Source: ESA TD24 H and PAE own elaboration)

SUBDOMAINS:

1. PrintedCircuit Board Technologies
2. SurfaceMount Technologies
3. Verificationof Electronic Assemblies

A 4
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, ' DEFINITION:
PLATAFORMA TECNOLOGICA

AEROESPACIAL ~ | tincludes:

ESPANOLA == A Mechanismcore technologiesBuildingblock technologies used
RESEARCH & TECHNOLOG)Y ( individually orin combination to provide anechanism function
STRUCTURES, MATERIAL$ & Mechanism EngineeringSpecific mechanism engineering
MECHANISMS-8) knowhowto developspacerelated mechanisms.
A Tribology TechnologiesTechnologies related to the scienck
interactingsurfaces

(Source: ESA TD 15A, F and G)

SUBDOMAINS:

1. Mechanism core technologies, covering:

A Actuators: Technologies to provide torque or force (e.g.
electromagnetic motors, voice coils, piezo motors, shape memory dllo
actuators, electroactive polymer actuators, spring actuators, paraffi
actuators).

A Dampers & Speed Regulator: Technologies to regulate the speed of a
movable element or to damp mechanical loads (e.g. low melting pojnt
alloy regulator, fluid damper, mechanical damper, eddy current
damper).

A Motion Transformer: Technologies used to transform a motion (e.g.
gears, pulleys and cables, harmonic drives, ball and roller screws).

A Motion & Force Sensor: e.g. switches, optical encoders, resolvers,
strain gauge sensors, capacitive sensors, accelerometers.

A Guiding: Technologies providing linear or rotational guiding functions
(e.g. ball and roller bearings, journal bearings, magnetic bearings, hall
joints, flexible guides).

A Sealing: Technologies providing a static or dynamic sealing function.

A Electrical Transfer: Technologies whose function is to transfer an
electrical signal between two parts in relative motion, with or withouf
contact (e.qg. slip rings, roll rings, contactless technologies).

2. Mechanism engineering, covering:

A Engineering Disciplines: Specific engineering disciplines involved in th
design and development of space mechanisms (e.g. motorisation
sizing, micrevibration analysis, functional tolerance budgets, multi
body dynamic analysis, tribology).

A Engineering Tools: Specific tools used to support the design and
development of space mechanisms (e.g. bearing sizing software; mult
body dynamic analysis software).

2. Tribology Technologies, covering:

A Lubrication: Technologies providing a lubrication function (e.g. solid
lubricants, fluid lubricants, selfibricating materials).

A Material Surface: Technologies providing a specific material surface
performance (e.g. coatings, heat treatment). (Note: Issues related tp
material characterisation are covered irBT)
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AEROESPACIAL

ESPANOLA =

RESEARCH & TECHNOLOGY
STRUCTURES, MATERIALS
MECHANISMS-@)

&

DEFINITION:

It includes:

A Non-explosive Release Technologid$onpyrotechnic
technologies used to release a force or torque (e.g.
mechanical fuse, shape memory alloy, electromagnetic,
paraffin).

A Pyrotechnic Technologiesncluding development and
testing of new materials, ignition methods, actuation and
miniaturisation.

(Source: ESA TD 15B and H)

July 2017

A 4

SUBDOMAINS:

1. Nonexplosive Release Technologies

2. PyrotechnicTechnologies, covering:

A ExplosiveCompositioriTechnologies: Covehsgh-
temperature survival and ageing characterist&ispck
reductiontechnologies including testing.

A Thermite Technologies: Covapplications of thermite
heating to provide connectigrdisconnectionrelease,
joining. Covers also provision of oxydenlife and other
gases for pressure functions.

A ReliabilityDetermination for NorRepeating-unctions:
Coversanalysis techniques for valid estimates of reliabdity
requiredlevels of confidence, definition and demonstration
of test andanalysis techniques for small samples

A Optical IgnitioriTechnologies: Covetise development of
components and systems fatternative toelectrical ignition,
with potential to increase safety bngducing sensitivityo
electrical disturbance.

A Advanced Electepyrotechnics: Covetthe use of explosive
foil initiators in order to reducenass anctost and increase
safety.

A Developmenbf New Devices for Future Exploratiand
Exploitation Missions: Covetsnnection and disconnection
of structures and fluid circuitgleploymentof shields and
shelters, seismic anekploration functionsanchoring,
penetrating, sealing; for manned, roboand automatic
operation
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PLATAFORMA TECNOLOGICA |

AEROESPACIAL

ESPANOLA =

RESEARCH & TECHNOLOGY (
STRUCTURES, MATERIALS &
MECHANISMS-@)

DEFINITION:

Technologies providing mechanismontrol (open and closed
loop control electronics

\ 4

(Source: ESA TD 15D)

SUBDOMAINS:

A 4
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AEROESPACIAL

ESPANOLA =

RESEARCH & TECHNOLOGY (
STRUCTURES, MATERIALS &

MECHANISMS-@) DEFINITION:

It includes:

A MEMS TechnologiedVlicro-/ nanotechnologies providing
mechanisnfunction (e.g. pointing, scannihg

A ExplorationTool TechnologiesTool technologies to acquire
samplesn explorationmissions (e.g. drill bitsitrasonic
tools). It has a strong relationship withHL and 133 in
Automation, Telepresence and Robotics.

A 4

(Source: ESA TD 15C and E)

SUBDOMAINS:

1. MEMS Technologies
Quiality aspects of MEMS are covered b1
2. Exploration ToolTechnologies
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4 )
POWER
(1-C)
\ Y
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PLATAFORMA TECNOLOGICA I

AEROESPACIAL

ESPANOLA ==

RESEARCH & TECHNOLDGY (

DEFINITION:

Addresses the techniquesd technologieselated to power

system architecture, tpower generationdistribution and
conditioning and to energy storage

\ 4

(Source: ESA TD 3)

POWER
(1-C)

SUBDOMAINS:

1-CG1. PowerSystemArchitecture
1-G2. Power Generation Technologies

\ 4

July 2017

1-G3. Energy Storagé&echnologies
1-CG4. Power Conditioning andistribution, Control and
Regulation
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RESEARCH & TECHNOLDGY (

POWER (C)

DEFINITION:

Including power system topologies, sizingpdellingand

A 4

simulation toolsand techniques.

(Source: ESA TD 3A)

é )
Power System

Architecture
(1-C1)

SUBDOMAINS:

July 2017

A 4
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RESEARCH & TECHNOLDGY (

(

.

POWER (L)
DEFINITION:
It includes all the possible power generation technologies use
»| in space: photovoltaic, fuel cells, nuclear and therefectrical

ones.
(Source: ESA TD 3B)

Power )

Generation
Technologies
(1-G2)

SUBDOMAINS:

1. PhotovoltaicGeneratorTechnology
Including solar cells (crystalline and thin films), photovoltaic

July 2017

\ 4

assembly and solar array technologies
2. Fuel Cellechnologies
3. Nuclear and Thermé&lectric Power Generatofechnologies

PAESTXANX01/03 37



AEROESPACIAL

ESPANOLA ==

RESEARCH & TECHNOLDGY (

POWER (L)
DEFINITION:
It includes all the possiblenergy storage technologiesed in
» space: basically the elect@hemical and mechanical ones
(Source: ESA TIT)
(" )
EnergyStorage
Technologies
(1-G-3)

SUBDOMAINS:

1. ElectraChemical Technologies for Energy Storage
2. Mechanical Technology for Ener@torage
(Note: Detailed mechanisms aspects are coverefl-B11)

\ 4
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RESEARCH & TECHNOLDGY (
POWER (C)

DEFINITION:

Including regulation, control and distribution.

A 4

(Source: ESA TD 3D)

( Power \

Conditioning &
Distribution,
Control and
Regulation

@Y

SUBDOMAINS:

1. Power Conditioning

A 4

2. Specific Power Supplies

PPUs, higivoltage EPCs, wheel electronics, etc.
3. Power Distribution

Solidstate switches, PDUSs.

PCUs, DC/DC converters, SAR, BDRs, BCRs etc.

July 2017 PAESTXANX01/03

39




PLATAFORMA TECNOLOGICA |

AEROESPACIAL

ESPANOLA ==

RESEARCH & TECHNOLDGY (

July 2017

-

"l

Avionics (OBD
S/W,

components)
(1-D)

H)

)
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RESEARCH & TECHNOLDGY

C )

Avionics
(OBDH, S/W,
components)

(1-D)

A 4

DEFINITION:

It includes:

A Onboard data systemsAddresses both spacecraft data
management and payload data processing and covers the
hardware and software required for data acquisition, data
processing, storage for both payload and spacecraft data,
board networking and the spadak network layer and
above.

A Onboard software Addresses only space segment (groung
segment software is included inrKl). All basic techniques an
technologies in the fields of software and Information
Technology with respect to their application to space
missions.

A EEE componentovers technologies related to the design
production and testing of EEE components which meet thg
performance and reliability requirements for use in-board
electric/electronic systems. (Note: This technology domain
concerned with quality issues).

(Source: ESA TD 1 {board data systems), TD 2A and 2B-(on
board software) and TD 23A and 23B modified by PAE

DN

L

S

(components)

July 2017

A 4

SUBDOMAINS:

1-E1. Payload Data Processing

1-E2. OnBoard Data Management

1-E3. Microelectronics for Digital and Analogue Applications
1-E3. Advanced Software Technologies

1-E4. Space Segment Software

1-E5. Methods and Processes for Management of componen
including radiation hardness assurance (RHA)
1-E6. Components Technology
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AEROESPACIAL

ESPANOLA ==

RESEARCH & TECHNOLOGY (1)

Avionics (OBDH, S/W,
components) (1D)

~

o

~

Payload Data
Processing
(1-D-1)

J

A 4

DEFINITION:

Covering specific digital signal athata processingechnologies
and techniquesas wellas specific (higispeed high-capacity
oriented) hardwarge.g. DSP, storayjesoftware(signal/image
processingdata compression/fusion.)  aetwdrking
technologieqincluding protocolsand standards).

(Source: ESA TD 1A)

July 2017

A 4

SUBDOMAINS:

1. Systenilechnologies for Payload Data Processing

Covers system aspects such as payload processing and stor:
architectures, algorithms, communication, etc., for Earth
observation, science and mannsg@ace applications.

2. HardwareTechnologies for Payload Data Processing
Covers hardware technologies relatedHigh-speed/high
performance equipmente.g. DSP, mass memories, switches
and communicationinks, digital video, data compression).

3. SoftwareTechnologies for Payload Data Processing
Covers software technologies relatedhmh-speed/high
performance payload data processing systems.

g
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AEROESPACIAL

ESPANOLA ==

RESEARCH & TECHNOLOGY (1)

Avionics (OBDH, S/W,
components) (1D)

4 h

On-board Data
Management
(1-D-2)

\_ J

A 4

DEFINITION:

Covers avionics and command@&ntrol systenmspecific aspects,
suchas datahandling, system managemeand autonomyas
well as specific hardware (e.gomputers storage, micre
controllery, software(e.g. basic support packages)d
networkingtechnologies and techniques, etc

(Source: ESA TD 1B)

July 2017

SUBDOMAINS:

1. System
Highly integrated systems, architecture, fault tolerance, onbod
operation management and autonomy.

2. OnboardComputers

Covers onboard fauliblerant dependable computers, their
main componentgmicroprocessors, 1/0) and basic software.
3. DataStorage

Covers the development of data storage equipment (mass
memorie9 andmodules for spacecraft platforms.

4. OnboardNetworks and Control/Monitoring

Covers the development of the onboard data communication
systems, including onboard command and control data
networks for performingnonitoring and control across the
platform, andwireless systems

\rd
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RESEARCH & TECHNOLOGY (1)

Avionics (OBDH, S/W,
components) (1D)

\ 4

DEFINITION:

Covering design methodologiaad technologyor space
applicationspecific integrateaircuits (ASICs) arfield
programmablegate arrays (FPGAS$)igital andanalogue
designs, including IP cores

(Source: ESA TD 1C)

4 R

Microelectronics
for Digital and
Analogue
Applications
(1-D-3)

\_ v

\ 4

July 2017

SUBDOMAINS:

1. Methodologies

Radhardening by design allowing usage of commercial
technologies; Systeran-chip design methodologies; Hardware
Software cedesign; usage of reprogrammable FPGAs for spal
applications; higiperformance and low power signal processir
algorithms and processors; analogue IC design. ASIC and Ff
design (design kit and libraries) and test tools.

(Notes:Issues related to basic mechanisms of radiation
effects are covered ifi-D-6. Thesoftware side osoftware-
hardware ceengineerings covered irl-D-5)

2. Digitaland Analogue Devices and Technologies

Reusable IP cores, (ASIC) processors, detector readouts ang
sensor electronicfont-ends, standard ASICs and ASSPs

Ce
g
PG/

!

(Application SpecifiStandard Products), FPGAs.
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AEROESPACIAL

ESPANOLA ==

RESEARCH & TECHNOLOGY (1)

Avionics (OBDH, S/W,
components) (1D)

A 4

DEFINITION:

Advanced softwarélevelopment fequirements, design,
verification validation maintenanceand qualification)
methods/tools Advancedunctions to be implementeh
software Both ground and spa@pplication included
Development of related standards

(Source: ESA TD 2A)

4 h

Advanced S/W
Technologies
(1-D-4)

\_ J

A 4

July 2017

SUBDOMAINS:

1. AdvancedSoftware Development Methods and Tools
Methods and tools for the software development that are
innovative inthe commercial world and require analysis prior t
adoption inthe spacedomain. This includes for example the
OMG Qbject Managemen&roup) technologies, new
languages, etc.

2. Advancedsoftware functions

New functions of the software systems that are anticipated to

be neededout that need predevelopment or prototyping before

actual spacelevelopment. Includes autonomparallel
computing etc.

(Note: This includes also predevelopment for applications
indicated in1-D-1 subdomain 3)

=)

14
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RESEARCH & TECHNOLOGY (1)

Avionics (OBDH, S/W,

components) (1D)

A 4

DEFINITION:

Onboard software requirements, desigverification validation,
maintenanceand qualificatiormethods/tools. Specific aspects
related to the application of moderiT technologiesincludes
flight softwareand relatedsimulator technologies

(Source; ESA TD2 B)

~

Software
(1-D-5)

\_

Space Segment

~

J

July 2017

A 4

SUBDOMAINS:

1. Methodsand Tools for Onboard Software Engineering
Processes

All aspects of onboard software engineering, requirement
engineering, automation of the life cycle, testing, moetlased
development, etc. In particular, it includes software emulators
of onboardprocessors

2. Innovative Software Management Process

Adaptive engineering, new planning approaches, cost
estimation methodsdistributed development. The focus is on
the system aspectef software, the systersoftware co
engineeringlncludes als@oftware-hardware ceengineering.
(Note: The system side of systesoftware ceengineering,

and the hardware side of softwarBardware ceengineering,
are coveredn 1-A-1 and 1-E-3 respectively.)

3. SoftwareArchitectures

Software architectures for space segment software. Includes
e.g conceptssuch as Arinc653. In particular, it includes also
Plugand Playtechnologies.
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RESEARCH & TECHNOLOGY,
Avionics (OBDH, S/W,
components) (1D)

\ 4

DEFINITION:

For determining and enhancing technology/component
(fliability and suitability for flight applications. Definition of
radiation hardness assurance (RHA) requirements, modelling

particle interaction with matter and resulting radiation effects in

components, including simulation of component parameter
degradation- EEE and any other type of component like
optoelectronic or magnetic ones characterisation of radiation
effects in terms of technology and desigependent basic
mechanisms, radiation hardening/mitigation and radiation
verification testing, including definition of irradiation test facilit
requirements and dosimetry.

(Source: ESA TD 23B and PAE own elaboration)

of

( Methods & \

Processes for
Management of
components
(RHA included)

\ (1-D-6) Y

\ 4

SUBDOMAINS:

1. Evaluation and Testing

Includes the development of laboratory techniques and test
methods for characterisation, evaluation, qualification; de
rating, endof-life, failure analysis and procurement of space
components.

2. Radiation Hardening

Process hardening, design hardening, mitigation techniques,
verification and validation.

3. Design and Development

Development and design of components adapted to the
requirements for space applications and capable of meeting
space component qualification requirements.

4. Modelling

Simulation of component responses to radiation at
semiconductor level, including simulation and prediction of
component parameter degradation.

5. RHA Process

Definition of RHA requirements and development of irradiatio
test method/guidelines.

6. Reliability Test Facilities

Definition of test facilities for space, and in particular of
irradiation test facility requirements covering particle species,
energy, flux, beam size, uniformity and accuracy. Definition of
dosimetry and dosimetry accuracy. Definition of all interfaces
(mechanical and electrical) to enable irradiation testing of EE

-

components.

July 2017

PAESTXANX01/03 47



PLATAFORMA TECN I

AEROESPACIAL

ESPANOLA ==

RESEARCH & TECHNOLOGY (&

Avionics (OBDH, S/W,
components) (1D)

DEFINITION:

Covers the component technologigsst commonlyevaluated
%lng the processasacluded in 1D-6.

(Source: ESA TD 23A)

4 )

Components
technology
(1-D-7)

" J

SUBDOMAINS:

1. Passive Components

Capacitors, inductors, resistors, crystals, magnetics, switches, wire
cables, connectors, piezo actuators, heaters, harnesses, non
integrated electremechanical components. RF passive components
such as isolators, circulators, etc. are also addressed.

2. SiliconBased Components

Discrete, analogue, digital and mixed signal technologies and
device types across all integration levels and functional complexity
ranges in bipolar and MOS technologies.

3. RF Microwave and Millimetre Wave Components

Discrete and MMIC components including®®0S, GaAs,
SiGelnPtechnologies, packaging and RF passive components.

4. Optoelectronic Active and Passive Components

Optical and neapptical sensors, detectors, laser diodes, fibre
optical connectors, optical assemblies and associated passive
components.

5. Hybrids and Micrepackaging

Thick and thin film hybrid technologies, microwave hybrid circuits,
DCG-DC converter technologies, crystal oscillators, multichip modulg
systemon-a-chip (SOC), 3D stacking and interconnect technologieq
packaging technologies, RF and MMIC packaging and subassemb
6. Power Components

Veryhighvoltage MOSFETS, IGBI; GaNpower devices, power
including for realisation of higherformance DEDC power
conversion transistors and thermal management components.

7. Wide Band Gap Technologies

SiC GaNand Diamond for advanced MMIC applications and harsh
environment sensor technologies and for realisation of high
performance DEDC power conversion transistors.

8. Micro Electro Mechanical Systems (MEMS)

Evolving range of technologies and applications including RF MEM
pressure sensors, AOCS sensors, MOEMS, actuators, etc.

9. Nanotechnology in Microcircuits

Application of carbon nanotubesanofibres, innovative
nanomaterials to microcircuit improvement.

(g

b

s!
,IC
ies.

S,
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RESEARCH & TECHNOLDGY (

DEFINITION:

It includes:

A Spacecraft Thermal Controall technologies needed for the
thermal control of space systems.

A Aerothermodynamics Dynamics of gases (physical
processes & modelling), especially of atmospheric
interactions with moving objects at high speed. It
encompasses the whole spectrum from tadd to landing,
but also orbital ascent/descent, aeteeating and
thermodynamics of propulsion.

\ 4

(Source: ESA TD 21 and TD 18)

[ Thermal (1E)]

SUBDOMAINS:

1-F1. Heat Transport Technology

1-F2. Cryogenics and Refrigeration

1-F3. Thermal protections

1-F4. Heat Storage and Rejection

1-F5. Thermal Analysis Tools

1-F6. Aerothermodynamics Numerical Methods

1-F7. Aerothermodynamics Ground Based Facilities
1-F8. Aerothermodynamics Sensors and Measurement
Techniques

1-F9. Aerothermodynamics Flight Databases

A 4
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DEFINITION:

Covers all technologies associated witat transport
whether in the single phase aising thelatent heat in twe
phase systems

(Source: ESA TD 21A)

4 )

Heat Transport
Technology

(1-E1)

\_ J

A 4

SUBDOMAINS:

1. HeatPipes

Covers all technologies related to heat pipes, e.g. constant
conductance, variable conductance and heat pipe diodes.
2. CapillaryDrivenLoops

Covers all technologies related to capillaiyven two-phase
heat transportoops, including Capillary Pumped Loops (CPLs
and LooHeat Pipes (LHPRs

3. MechanicallyPumpedTwo-Phase Loops

Covers all elements and associated technologies for
mechanically pumped twphaseheat transport loops.

4. MechanicallyPumpedSinglePhase Loops

Covers all elements and associated technologies for
mechanically pumped singfghaseheat transport loops.

5 HeatSwitches

Covers all elements and technologies for heat switches, e.g.
based on_LHPs or mechanically driven.

July 2017
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DEFINITION:

Covers all technologies associateith transferringheat from
lower to higher temperaturdevels and cooling by evaporatiotl
of stored cryogens

-

(Source: ESA TD 21B)

4 )

Cryogenics and
Refrigeration
(1-E2)

. J

A 4

SUBDOMAINS:

1. Refrigeration and Heat Pumps

Covers all refrigeration technologies required for temperature
control of items in a nearoom-temperature environment,
including also heat pumps.

2.CryoCoolers

Covers all activeryo-machinery and associated technologies f
cooling to cryogenic temperatures (down to 1K).

3. Passive Coolers and Stored Cryogens

Covers all technologies related to nantive cooling (e.g.
radiators, cryostats).

4. SubKelvin Coolers

Covers all technologies required to provide cooling below 1K.

July 2017
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DEFINITION:

Covers all technologies associateith thermalprotection
and insulation systemf®r atmospheriantry.

(Source ESA TD 21C)

4 )

Thermal
protections
(1-E3)

\ J

A 4

July 2017

SUBDOMAINS:

1. Ablative Systems
Covers all technologies providing thermal protection based of
chemical and/or physical reactions.

2. Reusable&systems

Covers thermal protection technologies for multiple applicatio
on reentryvehicles.

—J

>

PAESTXANX01/03 53



AEROESPACIAL

ESPANOLA. =
RESEARCH & TECHNOLOGY (
THERMAL {E)

DEFINITION:

Covers all technologies associated witrat storageand
rejection using coatingsnsulation thermal capacitors and
radiators

A\ 4

(Source: ESA TD 21D)

4 )

Heat Storage
and Rejection
(1-E4)

\_ J

SUBDOMAINS:

1. Coatingsand Insulation
Covers all technologies for achieving thermal control surfaces
and insulation

2. HeatStorage

Covers all types of thermal capacitors, e.g. phetsange
materials.

3. Radiators

Covers all technologies associated with radiative interfaces
between thesystem and its environment, including louvres.

A 4
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DEFINITION:

Covers all software tools and methods tbe desigrand
verification of spacaystems.

(Source: ESA TD 21E)

4 )

Thermal
Analysis Tools
(1-E5)

. J

\ 4

July 2017

SUBDOMAINS:

1. ThermalSoftware Tools

Covers all software used for systdavel analysis in the thermal
area.

2. ThermalData Exchange

Covers all protocols, tools and methods for thermal data
transfer fromone software environment to another.

3. ThermalAnalysis Methods

Covers all analytical and numerical methods in relation with tl
development and application of software tools for design and
verification.
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DEFINITION:

Includes engineering and computatioriiaiid dynamicgCFD)
techniques, both fointernal andexternal flows, for the
multidisciplinary desigand analysis of Space Vehicles

(Source: ESA TD 18A)

-~

\_

Aero-

thermodynamics
Numerical
Methods

(1-E6)

~

J

July 2017

SUBDOMAINS:
1. Computational Fluid Dynamics (CFD)

algorithm and grid generation techniques) for mygtiysics
flow.

A 4

2. Engineering Techniques
Analytical, semempirical and parametric design tools.
3. Multidisciplinary Techniques

and/or databases of different technical disciplines.

Continuum and discrete particle models (including numeric

Coupling tools (including advanced optimisation algorithms
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DEFINITION:

Includes all types of wind tunnels anther testfacilities for
the design and analysis spacevehicles, both for internal and
external flow.

A 4

(Source: ESA TD 18B)

4 )

Aero-
thermodynamics
Ground Based
Facilities

(1-E7)

\_ J

SUBDOMAINS:

1. ColdGas Facilities
Continuous and blovdown wind tunnels, ballistic ranges, etq.
2. HotGas Facilities

Archeated, piston driven, detonation driven, etc.

3. Dedicatedracilities

Contamination, hovering, base flejt interaction, etc.

\ 4
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DEFINITION:

Includes all types of measuremetethniques forground

A 4

facilities and flight platformdpr the design and analysis of
space vehiclegyoth forinternal and external flow

(Source: ESA TD 18C)

-~

\_

Aero- \

thermodynamics

Sensors and
Measurement
Techniques

(1-E8) )

July 2017

A 4

SUBDOMAINS:

1. Intrusive Measurements

Sensing technologies suitable for measurements in hostile
environment—temperature, pressure, heat flux, etc.

2. NortIntrusive Measurements

Multi-spectral infrared, laser spectroscopy, electiomam

etc.

3. WirelesdMeasurements

Radio sensing, health monitoring, etc.
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DEFINITION:

A 4

Includes the informatics environmetd conserve retrieve
and use flight datérom experimentatest beds and
demonstratorsand theirassociated wind tunnel and CFD
extrapolation to flight data

(Source: ESA TD 18D)

4 )

Aero
thermodynamics
Flight Databases

(1-£9)

\ J

SUBDOMAINS:

1. Userinterface

Aspects related to tools and methods for data storage,
handlingand postprocessing

2. InformaticsEnvironment

Aspects related to systems for data storage, handling and
post-processing
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r N

PROPULSION
(1-F)

\ J

\ 4

DEFINITION:

Foll owing ESA’s technol ogy
launcher propulsion and tapace propulsion technologies
(separated by NASA in two different technology areas). Unde
the Advanced Propulsion subdomain, any unconventional
system could be included (the ones explicitly included in the

description and any other one that could appear in the future).
In any case, the description follows the one proposed by ESA.

(Source: PAE own description based on ESA TD 19)

s

July 2017

\ 4

SUBDOMAINS:

1-F1. Chemical Propulsion

1-F2. Electric Propulsion

1-F3. Advanced Propulsion

1-F4. Propulsion Supporting Technologies and Tools
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PROPULSIONHE)

DEFINITION:
Includes a wide range of technologies for propulsion systems

major applications: (1) spacecraftdmoard propulsion; (2)

f

\_

Chemical
Propulsion
(1-F1)

~

J

\ 4

reusable or expendable launch vehicles/upper stage propulsi
(3) reentry manoeuvring propulsion systems.

(Source ESA TD 19A)

based on the use of chemical energy, relevant to the following

DN,

SUBDOMAINS:

1. Liquid Propulsion Systems
Includes cold gas, monand bipropellant, onboard systems,
cryogenic and LOX/hydrocarbon launch vehicle systems

A 4

July 2017

2. Solid Propulsion Systems

Includes frommicro-thrust systems up to launch vehicle
boosters

3. Air-Breathing and Hybrid Propulsio8ystems
Includes ramjets, scramjets, rocket based cycles.
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PROPULSIONHE)

DEFINITION:

Includes propulsion systems andmponents thause electrical
energy (solar or nuclegrclassifiedaccording to the following

a4 _ )
Electrical
Propulsion
(1-F2)
_ J

\ 4

major applications(1) spacecrafbnboard propulsion(2) upper
stage propulsion

(Source: ESA TD 19B)

SUBDOMAINS:

1. Electrostatic Systems

Includes systems based on Hgiiiect thrusters, gridded ion
engines fieldemission thrusters

2. Electrothermal Systems

July 2017

A 4

Includes systems based ogsistojets arcjetsand power-
augmented catalytithrusters

3. Electromagnetic Systems

Includes systems based on magnglasmadynamic thrusters
and pulsedplasma thrusters.

PAESTXANX01/03 63



AEROESPACIAL

ESPANOLA ==
RESEARCH & TECHNOLDGY (

PROPULSIONHE)

DEFINITION:

Includes a wide range ofon-classical propulsiogystems, for
both spacecrafand launchers/uppestages and the

\_

Advanced
Propulsion
(1-F3)

J

\ 4

technology fieldof breakthrough propulsion physics

(Source: ESA TD 19C)

SUBDOMAINS:

1. SolarThermal PropulsiorSystems
2. Nuclear Propulsion Systems

Y

July 2017

3. Solar Sailing PropulsioBystems

4. Tethered Propulsioisystems

5. New Concepts

Includinglaserbeamedpropulsion, Lorentz force accelerators
cryo-solids etc.
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DEFINITION:

Includes several and tools that are usadgsupportof the
development, qualificationintegrationand monitoring of
propulsion systemsThese tools and technologiesithough
similar in scope and classificatiamightdiffer substantially
depending ortheir usefor chemical, electrical or advanced
propulsion

(Source: ESA TD 19D)

(" Supporting )
Technologies &
Tools

 (I-F4) )

A 4

SUBDOMAINS:

1. Modelling

Includes propulsion system design tools, thruster and engine
performance prediction tools, propulsion system/space vehicl
interaction tools and related orbit/trajectory definition tools.

2. Testing and Diagnostics

Including facilities and diagnostic tools for ground performang
gualification and acceptance tests of propulsion systems; on
board propulsion diagnostics and health monitoring systems.
3. Propellants

Including technologies for production, storage, transportation
and characterisation of solid, liquid or gaseous propellants.
4. Ground Support Equipment (GSE)

Including all mechanical, fluid and electrical ground support
systems dedicated to a propulsion system integration, testing
loading and launch preparation.

4

July 2017
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DEFINITION:

Y I includes:
A Space System ContraCovers the design and implementation of

A Flight Dynamics and GNSSomprises the activities related to the

Y

A Radio Navigation Systems / Subsyster@avers radio navigation

A Entry, Descent and Landing Syster@mvers the technologies

(Source: ESA TD 5 (Space System Control), ESA TD 10 (Flight Dy

a
a

control systems for space applications. Includes AOCS for satell
GNC for space vehicles and launchers; pointing acquisition and
tracking systems for antennas, laser terminals, anddfisight
stabilisation equipment.

analysis and definition of trajectory aspects of space projects,
known as mission analysis. It includes all operational ground
activities related to the measurement and control of spacecraft
orbit and attitude. Furthermore it deals with the provision of

Iite

precise navigation services to both ground and space based usegrs

and also the provision of the geodetic reference frame.

techniques and technologies, elements and subsystems capabl¢ c

generating, receiving, exploiting and analysing the signals from
current and upcoming radio navigation systems (GH&nass

EGNOS, Galileo), including system tools and navigation equipmger

enabling heavier payloads travelling at faster velocities to enter g

descend through atmospheres and land safely with higher precis

than currently possible.

nd GNSS) and ESA TD 6B (Raaliation Systems and Subsystem
nd NASA TA9 (Entry, Descent and Landing Systems))

LN (
0

J

Né

5)

July 2017

\ 4

SUBDOMAINS:

1. AOCS/GNC Sensors and Actuatordi(1)

N

BHOoOoNOO AW

Control System Engineering including innovative techniques
(1-H-2)

Control Techniques and Toolsfd-3)

Flight Dynamics (H-4)

Global Navigation Satellite Systems (GNSSH{8)

Radio Navigation Systems / SubsystemsHb)

Aero-assist and atmospheric entry {H-7)

Descent and Targeting {#-8)

. Landing (3H-9)

0.Vehicle for EDL ¢(H-10)
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\ 4

DEFINITION:

Covers the specification and developmeiigenericand custom
products based omission andnarket needs

(Source: ESA TD 5D)

\ 4

SUBDOMAINS:

1. AOCS/GNC Optical Sensors

StartrackersSun and Earth sensors, optical navigation sensors.
Includes detectors (with-H-8), optics (with 1), microelectronics
(with 1-D-3), electronics, image processing, software algorithms
2. AOCS/GNC Inertial and Magnetic Sensors
Gyros,acceleros IMUs, magnetometers. Includes MEMS, HRG,
FOG technologies, control loops and hybridisation,
microelectronics (with I-3), electronics.

3. AOCS/GNC Inertial and Magnetic Actuators

Reaction wheels, CMGs, magnetic torques). Includes control lo
mechanisms & tribology (with-B-11), power electronics (with-1
G4), microelectronics (with-D-3).

July 2017

PAESTXANX01/03 68



PLATAFORMA TECNOLOGICA |

AEROESPACIAL

ESPANOLA =

DEFINITION:

It includes:

RESEARCH & TECHNOLOGY 4

Guidance, Navigation &
Control and Entry, Descent &
Landing (1G)

YA ontrol Systemg&ngineeringCoverssystem aspects and
AOCS/GNC functionethain engineering

¢ A Control Systems Innovativ@echnologies Coversnabling

technologydevelopments dedicatetb specific missions and

generic applications.

(Source: ESA TD 5A and 5B)

\ 4

SUBDOMAINS:

1.1 AOCS/GNC Architecture

Includes concept and mode definition, and selection and
accommodation of sensors and actuators.

1.2 Autonomy and FDIR

Covers contretelated aspects and implementation (with(:4 , 1
D-5 and 1L-2).

1.3 Pointing Error Engineering

Covers budget methodology and tools.

1.4 Control Requirements Engineering

Includes software algorithm specification (witkDi4 and tD-5) and
sensor and actuator specification.

1.5 Control Design and Verification

Includes detailed analysis and performance verification on

A 4

functional engineering simulators and avionic test benches.

2.1 GNC Technologies for Entry, Descent and Landing

Covers GNC technology developments for dmaking, precision
landing, hazard avoidance, retithe guidance and navigation,
specialised simulation tools and test beds.

2.2 GNC Technologies for Cruise, Rendezvous and Docking or
Capture

Covers GNC technology developments for exploration as well as
active debris removal.

2.3 High Accuracy Pointing Technologies

Covers technology developments in AOCS and pointing acquisiti
and tracking systems.

2.4 Competitive AOCS Technologies

For commercial and generic applications, tackling cost reduction
all levels (design and verification effort, buildiblpck approach,

hybridisation of sensor s, o)

At

July 2017
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DEFINITION:

Covers generic and advancethniques dedicatetb design
analysis and verification

(Source: ESA TD 5C)

\ 4

SUBDOMAINS:

1. Modelling Techniques
Covers mathematical modelling and software model developme
for: satellite dynamics and environment, sensors and actuators,
and software components.

2. Advanced Control, Estimation & Optimisation

Covers the development of efficient techniques and tools for
design analysis and verification.

3. Multidisciplinary Optimisation

Includes the development of mathematical solvers and tools for
concurrent optimisation of GNf&lated aspects of the space
vehicle and trajectory.

July 2017
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\ 4

(DEFINITION:

Flight dynamics support addresses the trajectory and attitude
aspects of space missions. This includes théflmyiet trajectory
design (mission analysis). In flight, it includes the determination
and control of trajectory and attitude of the spacecratft,
monitoring of spacecraft AOCS and generation of eduit
attitude-related command parameters. The FD domain of
expertise comprises mathematics, dynamics, optimisation and
environment modelling. FD support is mission critical and thus
must be correct, robust, reliable and flexible.

(Source: ESA TD 10A)

\ 4

SUBDOMAINS:

1. Mission Analysis and Trajectory Design

Covers prdlight spacecraft mission design, trajectory optimisatig
and launch window calculations.

2. Advanced Flight Dynamics Operations

Covers higfprecision navigation at minor bodies, interplanetary
RVD and formation control, FD support to GNC systems includi
novel sensors and actuators; aecapture and aerdraking; entry,
descent and landing; higprecision formatiorflying control; high
precision orbit control for Earth observation.

3. Advanced Flight Dynamics Processes and Tools

Covers automation of flight dynamics operations, advanced
modules of FD application SW and advanced operational
processes.

DN
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DEFINITION:

Covers operation of GNSS sensor netwo@dd SSelateddata
processing, techniqudsr preciseorbit- and clockdetermination
concepts for MEOs and LEOs aattllite geodesy.

It does not include GNSS downstream applications but only the
use of GNSS signals to position and track space systems.

(Source: ESA TD 10B and PAE clarification)

July 2017

SUBDOMAINS:

1. GroundTracking Networks

Covers the deployment, operation and data collection for GNSS
sensor stations, network management, data handling services.
2. GNSS and Geodetic Data Processing

Models algorithms, data monitoring, data quality assessment a
delivery of services and products.

3. MEOand LEO Precise Orbit Determination Algorithms

Orbit dynamics and related models, analytical and numerical
algorithms, forreaktime (ground) anchon-reaktime
(onboard/ground) data processing, performance analysis.

4. GeodeticReference Frames

Satellite geodesy, standards, processing of different observatior

nd

1S.
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A 4

DEFINITION:

Covers radio navigation techniques and technologies, elements
and subsystems capable of generating, receiving, exploiting an
analysing the signals from current and upcoming radio navigatid
systems (GPS, GLONASS, EGNOS, Galileo), including system
tools and navigation equipment. (Note: It has strong relationship
with 1-G).

(Source: ESA TD 6B)

\ 4

SUBDOMAINS:

1. Navigation System Tools

Covering all aspects related to ground and space navigation
systems, subsystems, Signal in Space, simulators, analysis too
and methodologies.

2. Ground Receivers

Covering all technologies related to RF and baseband aspects,
positioning and integrity algorithms, integration with other
sensors, local augmentation, and integration with
telecommunication systems and services.

3. On-board Receivers

Covering all aspects related to navigation space receivers or
reference receivers, algorithms and technologies.

4. Formationflying RF metrology

Covering all aspects related to high accuracy RF metrology
required for formationflying applications, including algorithm
technology and tools.

July 2017
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Landing (1G)

A 4

(BEFINITION:

Aero-assistand atmospheric entry (AAE) systems are defined as
the intra-atmospheridechnologies thatlecelerate a spacecraft
from hyperbolic arrival through the hypersonic phase of entry. T
mission requirementsange from higkspeed entries of scientific
probes at Venus and Saturn, to sampdeurn capsuleso Earth
(Mars sample return being the most challenging), and human
missions to Mars

(Source: NASA TA9.1 except TA9.1.5 Instrument & Health
Monitoring included into 4B-3 and TA9.1.6 Entry Modelling and
Simulation included into-G-2)

A 4

SUBDOMAINS:

1. ThermalProtection Systems for Rigid Decelerators:
Rigiddecelerators are the tried anidue wayof entering planetary

atmospheres to date. TPS, a component of the rigid deceleratof

offers amass efficient wapf achieving mission success by
protecting human or science cargo from the extreme entry
environment encountered during rapid deceleration. Improved
robustness along with mass efficienail serveboth robotic and
human missions(Strong relationship with-E)

2. ThermalProtection Systems for Deployable Decelerators:
Thematerials that providehermal protectionfor deployed
decelerators must be lightweight, robust, and able to be stowed
anddeployed priorto operation (Strong relationship with-E)

3. RigidHypersonic Decelerators:

Massefficientrigid aeroshellsare required for most robotientry
missionsof the future. (Strong relationship with-B)

4. DeployableHypersonic Decelerators:

Deployableentry systems provide a means by whtble ballistic
coefficient at entry is relatively unconstrained by launch shroud
limitations. (Strong relationship with-B)

July 2017

PAESTXANX01/03 74



PLATAFORMA TECNOLOGICA I

AEROESPACIAL

ESPANOLA ==

RESEARCH & TECHNOLOG
Guidance, Navigation &

Control and Entry, Descent & terminal phase of landing. The presence of@mosphereis inherently
Landing (1G)

DEFINITION:

Y ggscent and targeting subsystems and technologies are defined as th
that bridge the hypersonic portioof the entry sequence with the

assumedDescents generally considered to include flight through
supersonic and high subsonic conditions. Initiai®opredicatecn a
staging event such as a parachute deployment that may not exist in e
mission sequenceDescenends with the initiation of terminal descent

\ 4

propulsion or a landing system. Targeting ocausng terminaldescent;
this is the phase of EDL in which terratative decisions and final
preparationsfor landingare made. The transition from descent to
terminaldescent could include the disposalspipersonic decelerators
vehicle reorientation to facilitate surface sensing, and using propulsion
divert awayfrom sensechazards

(Source: NASA TA9.2 except TA9.2.4. GNC Sensors include@ihto 1
and TA9.2.5 Descent Modelling and Simulation included i@}

er

July 2017

SUBDOMAINS:

1. AttachedDeployable Decelerators:

Largeincreases in the drag area of an entry vehicle lmamchievedhrough the use
of deployable decelerators. Theskevicediffer from the entry variant irthat they
are deployed endatmospherically after the peak heating and peak deceleration
phases of flight.

2. TrailingDeployable Decelerators:

Trailingdeployable decelerators are necessary for providing

stabilization and deceleration of the entry vehicle through low supersonic and
subsonic flight anéhto terminaldescent, and often have secondary applications f
events like stage separation.

3. Supersonic Retrgoropulsion

Utilizinga propulsive terminal descent stage higher in the

atmosphere and at higher speed may provide velocity reduction at a lower cost
risk than developing separate new aerodynamic decelerator system

4. LargeDivert Guidance

Numericalalgorithms are used to guide the vehicle to a target that is
relatively far away, given the vehi
5. TerrainRelativeSensing and Characterization:

Theseare the sensors used to determipesition andvelocity relative to a surface
or surface feature.

6. AutonomousTargeting:

Thevehicle makes an onboard decision, based on sensor data, about its
desired target point for that phase of the trajectory.

A
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Control and Entry, Descent & systems) and ends with the landing event itself, which is

Landing (1G)

DEFINITION:

complete when the kinetic energy ohpact haseen dissipated
and the vehicle is at zero velocity relative to the surface. The
landing event maglso includean egress or deployment phase
to bring the system to operational state. The landing phase

A 4

surface

sensing may begin before the descent phase ends, resulting i
an overlap between the two phases. Tkey area®f technology
development are the systems to sense the surface, descent
propulsion motors anglume surface interactiomitigation,
touchdown systems, high survivable systems, and srdatidy
guidance

>

(Source: NASA TA9.3)

\ 4
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SUBDOMAINS:

1. Propulsionand Touchdown Systems:

Systemghat enable safe, robust contact withsalid surfaceln some
cases, the touchdown could be destructive for some objective (e.g., a
penetrator).

2. Egressaand Deployment Systems:

Theseare methods to allow a robotic element or a huntarexitthe
landed vehicle and commence surface operations.

3. PropulsionSystems:

Thisarea includes requirements specification and implementation of
rocket engineshat are used for maneuvering the vehicle in the directign
of the target and (potentiallyavoiding hazardsither in the atmosphere
or on the ground.
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performance isnherent toall successful entry vehicle systems. Systems

RESEARCH & TECHNOLOG Ye¢hpology capabilities perform a key role for identifyinbaracterizingand
Guidance, Navigation & maturing systerdevel integration and desigrvVehicle systemchnologies

Control and Entry, Descent

Landing (1G)

&Will thus be segmented intsixareas that have implications across the entire
EDL architecture.

G1)

(Source: NASA TA9.4 except TA9.4.7 GNC Sensors and Systems included i

=

[
»

SUBDOMAINS:

1. ArchitectureAnalyses:

Inthis roadmap document, architecture analyses are not considetedhnologyunique
to EDL. Computational advances frtme whole G area wilbe utilized as appropriate
to enable architecturanalyses for future missions.

2. SeparationSystems:

Forthe purposes of this roadmap document, transition asgbaration systemare
considered to be an engineering design problem,thotghtat this time to requirenew
technology

3. Systemintegration and Analysis

EDLvehicle implementation requires integration ofultiple unique subsystemiato a
systemlevel capability. System integration and analysis pickshgre architecture
analysis ends by accomplishing subsystenel design and performirgubsysterdevel
designtrades based on detailed engineering assessments. Moderate levels of engine
fidelity should beexpected that rely on validated engineering approximations or
engineering design capabilities.

4. Atmosphereand Surface Characterization

Atmospherianodeling is important to atherodynamic phasesf flight, includingaero-
capture aero-braking entry, and descent. Precise landings reqgueled vehicleo
navigate through variations in atmospheric density and winds. Controlled terminal
descentand landingequires an accurate knowledge of the surface characteristics.
Instrumentfocusedtechnologies needetb fill this strategic knowledge gap for sending
humans to Mars can be fourid 1-1.

5. Modelingand Simulation:

Improvedmulti-disciplinary simulations that can capture tbemplex flowf larger,
heavier vehicles are needed to enable risk quantification and design denisikimg EDL
systems are reliant on robust and efficient modeling and simulation capability becaug
isgenerally nopossible to adequately test all aspects of an EDL system in a truly rele
environment prior to useSimulatiorcapability is thus on the critical path of defining
system design, margins, and reliability

6. Instrumentationand Health Monitoring:

EDLinstrumentation for both engineering datnd vehiclenealth monitoring provides a
critical link between predicted and observed performanc¢hef AAEsystem; it is crucial
for improving the design of current systems and for ensuring suffigigstem reliability
prior to deployment or use. EDL instrumentation provides the final validation for
modelingand simulatiorcapabilities, which drives down uncertainties and improves
overall prediction reliability fofuture missions

er|

e
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Communications
(RF & Optical)

(1-H)

)

A\ 4

DEFINITION:

It includes:

(A RF Systems, Payloads and Technolog@svers all technologie$
and techniques operating in the RF domain related to satellit¢

systems and networks, spacecraft payloads, instruments and
specific ground equipment (Technologies for control centres,
TT&C and Earth Observation Payload Data Transmission Gr:
Stations and Ground Station Networks are coveredi),Ifor
telecommunication, TT&C, Earth observation and space
science, including security aspects. Rathwigation systems
and subsystems are included ifH)

A Electromagnetic Technologies and Techniqu€svers
antennas and related technologies, wave interaction and
propagation, and electromagnetic compatibility.

A Optoelectronics:Covers the development and application of
technologies combining photonics (i.e. circuits handling
photons) with electronics to achieve given functions

A Optical CommunicationsCovers techniques and technologies
for the design, manufacture and testing of optical
equipment/subsystems and terminals for optical
communications between satellites and between spacecraft
and ground stations (e.g. feeder links, deggace
communications); includes specific technologies like quantun
communications for secure links, cryptography and global ke
distribution.

(Source: ESA TD 6A, 6C, 6D and 6E (6B is included3p, 1
TD7, TD17 and TD1&Q)

174

DU

=)
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SUBDOMAINS:

Telecommunication Systems / SubsystemsHl)

TTC & Payload Data Modulator Systems / Subsysterdd-¢)
RF Payloads (H-3)

RF Technologies & Equipmentsikii4)

Antennas (1H-5)

Wave Interaction & Propagation (H-6)

EMC / RFC / ESD-KL7)

Photonics Technologies (Emitters, Detectors and photonic
devices) (1H-8)

Optical Equipment for Communication{H-9)

ONohA~WNE

©
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Telecommunication
Systems /
Subsystems

(1-H-1)

= J
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DEFINITION:

Covers telecommunication techniques and algorithms
(coding, modulation, access, synchronisation, networking,
security etc.), system tools and telecom equipment.

(Source: ESA TD 6A)

\ 4
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SUBDOMAINS:

1. Telecom System Engineering Tools

Covering all aspects related to satellite telecom system and
subsystem analysis, design tools and methodologies.

2. Telecom Signal Processing

Covering all signal processing techniques and algorithms
related to coding/decoding, modulation/demodulation, acces
synchronisation, medium access control.

3. Networking Techniques

Covering telecom satellite networking aspects related to rad
resource management, network management and control
aspects, traffic modelling, etc.

4. Telecom Equipment

Covering all baseband telecom equipment (e.g. modulators,
demodulators, frortends). Used for fixed, mobile and
broadcast satellite or hybrid satellite/terrestrial telecom
systems, also including user terminals.

5. Telecom Security Techniques and Technologies
Covering the techniques and technologies to securetend
end telecom systems.
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Optical) (3H)

\ 4

DEFINITION:

Covers both spacecraftT &C/PDM techniqueand
technologiesspacelink communicationgRF, hybrid
RF/optical systemssignal coding/modulation, ranging
techniques, radio science experimends)d proximitylinks.

(Source: ESA TdT)

/

"l

TTC & Payload DaE
Modulator Systems
/ Subsystems

(d

H)

July 2017

A 4

SUBDOMAINS:

1. TT&CSystem Tools

Covering all aspects related to TT&C systems (coding,
modulation multiplexing link analysis, interference) and
subsystemanalysis tooleaind methodologies.

2. DeepSpacelransponders

Covering all aspects related to the design and developme

of deep-space TT&@Gansponders.
3. NearEarthTransponders

Covering all aspects related to the design and developme

of near EarthTT&C transponders.
4. Proximity Link

Covering all aspects related to the design and developme

of units forproximity link applications.

5. HighspeedDownlink PDM

Covering all aspects related to (coded) modemsigh
speed payloadiownlink (e.g. for EO, DRS applications).
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DEFINITION:

Covers telecommunicatiopayloadstfansparent and
regenerative), remotaensing instrumentsand navigation
payloads exploitingnalogue, digital and optical
technologies

(Source: ESA D)

C )

RF Payloads
(1-H-3)

\ 4

July 2017

SUBDOMAINS:

1. PayloadTools

Advanced simulation tools and analysis paradigms for
complex

payloads for Telecom/EO/Navigation.

2. TelecommunicatiorPayloads

Covering telecommunication payloads aardhitectures
encompassindgrF, digital and optical technologies.

3. EOInstruments

Covering EO instruments both passive (e.g. radiometers,
GNSSR) andactive (e.g. SAR, altimeters, RF sounding).
4. NavigationPayloads

Covering navigation payload systems and subsystems.
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-

Equipments
(1-H-4)

RF Technologies &

~

)

\ 4

DEFINITION:

Covers RF equipment, subsystems and building blocks,
active and passive components, and related design and
characterisation tools in the whole RF domain.

(Notes: All quasoptic are covered by-H-9 and freespace
aspects are covered byll All quality aspects are covered
by 1-D-6 and 1A-7. All ground station RF technologies for
TT&C and payload data are covered Hy)1

(Source: ESA TaE)

July 2017

SUBDOMAINS:

1. RF Modelling and Design Tools

Covering design and analysis tools for RF equipment and
components.

2. RF Equipment

Covering RF equipment and subsystems (e.g. SSPAs, LNA$

frequency converters and multipliers, local oscillators and
synthesisers, multiplexers).

3. RF Devices

Covering the design, specification, development and
characterisation of active devices (e.g. diodes, transistors,
mixers, multipliers, integrated circuits) and passive devices
(e.q. filters, resonators, MEMS devices, cables and connect
including packaging and interconnection.

4. Vacuum Electronics

Covering technologies and techniques related to kpokwver

RF amplification using vacuum electronic devices (e.g. TWT)).

5. Time and Frequency

Covering the techniques and technologies for the generatior

of reference signals (oscillators and clocks of all types, e.qg.

guartz, VCOs/NCORf Cs, Hmaser) and their means for

comparison and dissemination as required for telecom,

navigation and science applications. (Note: Optical atomic

clocks are covered inG-8)

6. RF Measurement, Characterisation and Calibration
Techniques

Covering RF equipment and components, including for-high

power, corona ananultipactortesting.

Py

Nt
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DEFINITION:

Covering antenna systems and architectures, design tools,

etc. (Note: Ground TT&C antennas are coveredlh 1

(Source: ESA TD 7A)

\ 4

Giegchnologies and measurement techniques for various application
for space systems and ground users, up to THz frequencies, such a
communications, navigation or sensing, spacecraft pointing, TT&(

[72)

Antennas
(1-H-5)

July 2017

A 4

SUBDOMAINS:

1. Antenna Design Tools
Covering modelling, synthesis and optimisation techniques and tool

development for new types of antennas and their feed networks, arrgys

reflector and small antennas, both isolated and in the spacecraft
environment.

2. Reflector and Lens Antennas

Covering single and multiple beam reflector antenna architectures,

reflector design, multiple reflectors, reconfigurable reflector antennas

shapedunfurlableand foldable reflectors, frequenegnd polarisation

selective surfaces, active and passive lenses, feed elements and fegd

arrays with their feed networks, refleetrrays.

3. Array Antennas and Standalone Radiators

Covering planar and conformal arrays, mirgiquency arrays, dual
polarization arrays, active, seiactive and passive arrays. Small arrays
and standalone radiators for medium and low gain applications for
spacecraft and for user terminals. Array feed networks. Electronic

scanning arrays. Fixed and steerable beam arrays for fixed and mobije

user terminals. Satellite TT&C standalone and reldtiment antennas.
4. Millimetre-Wave and SuiMillimetre-Wave Antenna FrorEnds
Covering antennas, instruments, new architectures and technologies
THz passive and active remote sensing instruments such as radiomg
imagers, limb sounders. Also reflectors and quagic assemblies, focal
plane arrays and fror¢nds.
5. Measurement, Characterisation and Calibration Techniques for
Radiative Payloads and Antennas
Covering new antenna and payload measurement techniques (e.g. f
multi-beam payloads), validation of modelling software, techniques fg
measurement of antennas in the spacecraft environment, interaction
between antennas, millimetrgvave and THz antennas. RF
characterisation of reflective and transparent materials.

fo
b te

=
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DEFINITION:

Covering technologies and techniqueated topropagation models
andmodelling techniquesinterference modellingnd experimentation
wave interaction modellingandassociated retrieval algorithnend
models Applicationsare telecommunications, navigatipremote
sensing (both for EartAnd planet$, TT&C and payload data transfer

(Source: ESA TIB)

Wave
Interaction &
Propagation

(1-H-6)

A 4

SUBDOMAINS:

1. Wave Interaction

Covering modelling of wave interactions for passive actove
microwaveand optical remote sensing of atmosphere, surface and
subsurface features of Earth and planets. Retrieval algorithms

2. Wave Propagation

Covering propagation and interference models and thelidation at
microwave and optical frequencies through Earth alahetary
atmosphere stratosphere, ionosphere. Microwave propagatiorurban
and indoor environments. Link budgetsciomplex propagation
environments.

July 2017
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DEFINITION:

Covering design, models, simulatioesting techniquesind
technologies in the fieldsf electromagneticompatibility (EMC), radio
frequency compatibility (RF@Jectrostatic dischargéESD), and
magnetic cleanliness

(Source: ESA TIT)

EMC / RFC /
ESD
(1-H-7)

\ 4

SUBDOMAINS:

1. EMC Modelling an&imulation

Covering development of specific EMC models and simulation tools
for application to spacecraft

2. EMC Test Techniques

Coveringvalidation of new EMC designs and novel EM&
magnetostatidest methods for application to spacecratft.

July 2017
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DEFINITION:
Covers the development and application of technologies combining photonics (i.e. circuits handlir]
photons) with electronics to achieve given functions.

aser Technologiesovering the technologies and techniques needed for the generation of

2. Detector Technologiescovering all the technologies and techniques needed for the detection
optical radiation.

or to achieve specific functions for various applications.

(Source: ESA TIDA, 17B, 17C) (Note: it also exists a strong relationship with alea 1

3. Photonics Covers guidesvave optical technologies and technigques for handling optical signals

of

kY

[
»

-

Photonics N
Technologies
(Emitters,
Detectors
and photonic
devices)

 @H8)

SUBDOMAINS:

1.1 Laser Sources
Covers continuous wave (CW) lasers and pulsed efiodeped bulk soliestate lasers (e.dNd:YAGetc.), modeaugmented
diode lasers for the neanfrared (NIR) spectral region (VCSEL, ECLD, etc.); emmgaented quantum cascade lasers (QCL)

and GaNfor the midIR and visible spectral regions respectively, LEDs, giooped rare Earth (RE) doped waveguide laserp,

doped fibre lasers, etc.

1.2 Laser Pumping

Covers lasediode arrays LDA (CW and QCW), fuigtver single emitter (CW) diode sources and related pysapkaging
issues, flasttamp, solar pump, electreheam, etc. Implementation of efficient spectral control of LDA emission.

1.3 Laser Oscillators and Amplifiers

Geometrical mode control of both stable and unstable resonator designs. Mode matching techniques and device
technologies, etc. @witched and modéocking techniques. Laser amplifier stages, coherent power control and
combination. Amplifier designs for CW and pulsed applications; bulk amplifiers, flared semiconductor amplifiers, doped
amplifiers.

1.4 Laser Frequency Control and Stabilisation

Covers laser cavity length control and tuning techniques, injection locking and seeding, for frequency control. Covers
frequency stabilisation and locking techniques using optical stabilizing reference cavities (OSRC) for phase control and
achievement of suiiz line widths and absolute frequency locking to narrow spectral features. Implementation of electro|
optical feedback techniques for linewidth reduction. Development and implementation of methods to reduce the Therm
Noise Limit (TNL) on SRC optics. Development and verification of novel methods to achimzéinbwidth emission.

1.5 NonlLinear Optics

Covers harmonic generation, ndinear crystals and poled waveguide materials, parametric conversion,-pington
processes, stimulated light scattering, spatial laser beam cleaning using phase conjugated sgitooadleabsorbers, etc.
2.1Visible Detectors (mostly Si based)

Covers singlpixel (photodiodes), linear and 2D arrays, CCD and CMOS image sensors (APS), APDs, /APMamays.

2.2 Infrared detectors. (NIEFIR)

Covers both photon and thermal technologies, including M@GaAslIFV, QWIP, QDIP, T2&licrobolometers

pyroelectrics.

2.3 UV, Xay & GammaRay Detectors

Covers Si, wide bandgap semiconductors, scintillators.

2.4 Superconducting Detectors

Covers HEB,SINISuncti ons, heterodyne mixers,

2.5 Superconducting Devices

Including lowtemperature and highemperature superconducting devices and sensors such as SQUIDs, Josgphson
junctions, gradiometers, etc.

2.6 Focal Plane Technologies

Covers component technologies, integration, accommodation techniques, proximity electronics, interconnects (e.g. flex
circuits), filters and windows

3.1 RF Photonics

Covers photonic devices for generation, handling and distribution of microwave signals on board satellites, frequency d
conversion, time delay, RF signal phase and amplitude control, optical beamforming and distribution networks, on boar
optical links & interconnects, etc.

3.2 Micro- & Nano-Photonics

Covers photonic IC technologies, hybrid and monolithic integration of active and passive functions in various material
systems including silica and semiconductor materials. Silicon photonics-fdripmoptical functions.

3.3 FibreOptic Sensors

Covers pressure, temperature and strain sensors, including interrogation units for satellites, platforms and launchers.
3.4 Optical Atomic Clocks

Covers laser cooling and trapping techniques for atoms, ions and molecules, optical frequency combs basedlookedde
lasers and ultrehigh-Q microcavities Includes also fibreptic and freespace optical frequency dissemination over large
distances, subsystem integration and verification into clock systems, space

qualification of subsystem elements.

3.5 Quantum Devices

Covers lasecooled atom sensors including atom interferometers, magnetometers, photon confinement and trapping
techniques leading to BECs, atoratale sensing devices, etc. Implementation of laseied and coherent population
trapping (CPT) and the technology required for its implementation; chip gas cells, etc.

fibre
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DEFINITION:

Covers techniques and technologies for the design,
manufacture and testing of optical equipment/subsystems
and terminals for optical communications between satellit
and between spacecraft and ground stations (e.g. feeder
links, deepspace communications); includes specific
technologies like quantum communications for secure link
cryptography and global key distribution.

(Source: ESA TIBGVI)

D
(7]

( N

Optical
Equipments for
Communications
(1-H-9)

(& /

A 4

SUBDOMAINS:

July 2017
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Science
Instruments,
Observatories
& Sensors

a-nH J
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/  Science

Instruments,

Observatories
& Sensors

NG ¢ 5 )

DEFINITION:

The Science Instruments, Observatories, and Sensor Systems
technology are@ncompasses technologiés collect disparate
types of data from Earth and space. These technologies are eit
identifiedtos at i sfy a particul ar mi
or to develop new measurement techniquésat maylead to new
scientific discoveries (“pus
three subareasrremote sensing instrumen@nd sensors;
observatories; and ksitu instruments and sensors. These
technologiesare applicabldéo missions from very small to large

(Source: NASA TAS8 (fot-1, 1-1-2 and 11-3 and ESA TD 16A, 16B
and 16C (except 16 included into 4H-9))

A 4

July 2017

SUBDOMAINS:

Remote Sensing Instruments & Sensotsl{1l)
Observatories 1-1-2)

In-situ Instruments and Sensorsl{-3)
Crosscutting support technologies and tools {[t4)

PN
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(BEFINITION:

Remote sensing instruments and sensors include components,
sensors, and instruments sensitit@eelectromagneticadiation,
particles (charged, neutral, dust), electromagnetic fields, both
direct current (D andalternating current (AC), acoustic energy,
seismic energy, or whatever physical phenomenology the
science requires

Note: see also-H-8 and 1I-4.

(Source: NASA TA8.1. See also ESA TD 16B and 16C)

4 Remote N
Sensing

Instruments
& Sensors

\_ (1-1-1) .

A\ 4

SUBDOMAINS:

1. Detectorsand Focal Planes:

Improvesensitivity and operating temperature of singdéement
and largearraydevices.

2. Electronics

Radiationrhardened extreme environment capable, and data
processinglectronics withreduced volume, mass, and power.
3. OpticalComponents:

Highthroughputoptics with large fields of view, high stability,
spectral resolutionand uniformity at many different
temperatures

4. Microwave, Millimeter-, and Submillimeter Waves:
Transmittersand receivers: lowoiseamplifier technologieswith
reliable lowpower highspeed digitaland mixedsignal processing
electronics,and algorithms

5. Lasers

Reliable highly stable, efficient, radiation hardened, and long
lifetime (> 5 years).

6. Cryogenic/Thermal

Activetechnologies used to cool instruments and focal planes,
sensorsand largeoptical systems.

July 2017
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DEFINITION:

Observatory technologies are necessary to design, manufactur
test, and operate space telescopasd antennaswhich collect,
concentrate, or transmit photons. Observatory technologies
enable or enhancéarge aperture monolithiand segmented
single apertures as well as structurally connected or-figi@g
sparseand interferometricapertures. Applications span the
electromagnetic spectrum

Note: see also-H-5

(Source: NASA TA8.2. See also ESA TD 16B and 16C)

4 N

Observatories
(1-1-2)

- )

Y

July 2017

SUBDOMAINS:

1. Mirror Systems:

Theability to manufacture and test monolithic and segmented
large-mirror systems thatan accommodate normal and grazing
incidence in the visible/ultraviolet (UV)/infrared (IR) arda}(
portions of the spectrum.

2. Structuresand Antennas:

Structureghat can support large antennas and hold mirrors in a
stable strainfree state under the influence of anticipated dynam
and thermal stimuliNote: see also-B-2

3. Distributed Aperture:

Forextralarge apertures, a method to create the aperture via
deployment assemblyor formation flying—where formation
flying technology is an actively controlleditual structure

Iic
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DEFINITION:

In-situ instruments and sensors include components, Sensors, &
instruments sensitive to fields arghrticles ablgo perform insitu
characterization of the space environment and planetary samplq
In-situ instruments andsensors technologies enable or enhance
broad range of planned and potential missions in the next two
decades. Irsitu instruments and sensors support comet, Moon,
and planetary missions

Note: see also-M-3

(Source: NASA TA8.3)

LN(

ES.
el

4 N

In-situ
Instruments
and Sensors

(1-1-3)

\ )

A 4

July 2017

SUBDOMAINS:

1. Fieldand Particle Detectors:

Avariety of instruments aiming to characterize a larggatially
rich, andtemporally dynamic space environment spanning from
Earth’s and pl andeagaetogphere® th® s p
solar corona, the heliosphere beliopause and the local
interstellar medium.

2. In-situ (other):

In-situ sensor technologies (for chemical, mineralogical, organic
andin-situ biologicasamples) include sample handling,
preparation and containment; chemical amdineral analysis
organic analysis; biological detection and characterization; and
planetary protectionThese technologieseed to be applied in
extreme temperatures, pressures, and environments.
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4 Crosscutting\
support
technologies
and tools

\_ (1-1-4) .

DEFINITION:

This area covers the basic technologies and tools needed to
develop instruments and observatories and not included in
another areas (as RF instruments or Optoelectronics already
included in 1H). Particularly, it includes optical system
engineering.

(Source: PAE own definition based on ESA TD 16A)

A 4

July 2017

SUBDOMAINS:

1. Overall Optical System Definition, Design and Engineering

Covers the definition, design and engineering of optical systems

and subsystemand the conceptual definition of optical
payload/instrument architectures.

2. OpticalDesign Performance Evaluation and Analysis
Covers evaluation and verification of optical design performanct
by analysis (e.g. optical modeEemax ASARCodeV and/or
testing (e.g. optics laboratory); includes evaluatiorsto@ylight

and desigrof means foistraylightsuppression (e.g. baffles).
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DEFINITION:

Covers the specification, development, verification, operation and

utilisation of space automation systems. Such systems include:

A Space robot systems (comprising both avased systems for
inspection, servicing and assembly of space system
infrastructure or payloads and mobile robots for surface
exploration on celestial bodies)

A Space laboratory automation and payload control systems in
manned and unmanned missions.

\ 4

Note: Detailed mechanisms aspects are coveredinll, 1B-12
and :B-13.

(Source: ESA TD 13)

Automation,
Telepresence
& Robotics
(1-J)

SUBDOMAINS:

| 1. Applications & Concepts (k1)
2. Automation & Robotics Systems {12)
3. Automation & Robotics components & technologies-I“B)
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DEFINITION:

Covers system aspects and innovative robotic concepts for
missions.

(Source ESA TD 13A)

Applications
& Concepts
(1-J1)

A\ 4

July 2017

SUBDOMAINS:

1. Planetary Exploration

Includes novel concepts for handling/assembly of surface
infrastructure elements, novelerobotconcepts, novel robot
concepts for exploration (including of asteroids), miaod nano-
rover concepts and swarms.

2. Orbital Systems

Includes automation of orbital infrastructure, or na@ooperative
satellites, satellite design for robotic servicing, compound
operation of arms on fredlying platforms, assembly and servicin
of space structures in orbit, mutobot cooperation.
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DEFINITION:

Covers the detailed definition of robotic systems and subsysten
including technology developments dedicated to specific
applications.

(Source ESA TI3B)

Automation
& Robotics
Systems
(1-32)

\ 4

July 2017

SUBDOMAINS:

1. Manipulation Systems

Includes robot arms, endffectors and tools. (Note: Detailed
mechanisms aspects are covered {8-11, 1B-12 and 1B-13)
2. Mobility Systems

Includes roversaerobots underground and underwater explorers|.

3. Payload Automation Systems
Covers all automation aspects of space laboratories.
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DEFINITION:

Includes general purpose and specific Automation & Robotics
(A&R) components and methods.

(Source ESA TD 13C)

4 Automation\
& Robotics
components
&
technologies

0 (1-33) Y

\ 4

July 2017

SUBDOMAINS:

1. Perception

Includes sensors and sensing methods (e.g. computer vision)
which allow robots to perceive their environment and the state ¢
the process they are controlling.

2. Control, Autonomy and Intelligence

Covers methods that allow robot systems to perform perception
processing, understanding of the operating environment, motior
planning and control, attention allocation, anticipation, activity
planning, and reasoning about their own state and the state of
other agents.

3. Motion and Actuation

Covers the means that allow a robot to physically interact with i
environment (e.g. limbs, joints, chassis, wheel units, balloon
envelopes, propulsion units). (Note: Detailed mechanisms aspe
are covered in B-11, 1B-12 and 1B-13)
4. RobotUser Interfacing

Includes commanding and programming means (e.g. immersive
systems, haptic devices) and methods that allow users to intergct

with an automation and robotics system. Includes teleoperation
telepresence, telescience.

5. Robot Ground Testing

Includes tools, methods and facilities that allow-ground

—h

Ct:

characterisation and verification of A&R systems.
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DEFINITION:
Y (
It includes:

A Instruments in support of Life and Physical Scienaasrering:

A Instruments and technologies to study aspects of human
physiology, biology, biotechnology, exobiology/planetary
exploration and solve specific problems of planetary
exploration, planetary protection and human lotgrm
presence in space.

A 4

Manned
Spaceflight
Technologies

(1K) P

(¥

A Instruments and technologies to study aspects of fluid
science, material science, crystal growth, applied physicy
planetary exploration and solve problems of specific
application of material science technology to use in situ
resources for extrderrestrial production of components
(e.g. heat and radiation shields etc.)

A Human Health, Life Support and Habitation
A Human Exploration Destination

(Source: NASA TA6.1. See also ESA TD 13, 14, 22A and 22B)

A 4

SUBDOMAINS:

Environmental Control Life Support Systems ECL-8-11
Extravehicular activity systems (K-2)

Human Health and Performance {4-3)

Environmental Monitoring, Safety and Emergency Response
(1-K-4)

Radiation effects on humans {K-5)

In-Situ Resource Utilization ¢K-6)

Sustainability & Supportability (4-7)

Human Mobility Systems (K-8)

9. Habitat Systems (:K-9)

10.Missions Operations and Safety{&:10)

11.Cross cutting systems {K-11)

P E

© NG

July 2017
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A 4

DEFINITION:

It deals with providing aenvironment suitabldor sustaininghuman
life throughout the duration of a mission. Coverstatthnologiedor
controlling maintainingand supporting humapresence imon-
terrestrial environments, suchs regenerativérecycling)
technologies for ajiwaterand waste, food production and
preparation, environmental monitoringnd contro| including
habitability issues

Not e: |t i s retAated with ESA’ 9

(Source: NASA TA6.1)

/Environmental

Control Life
Support

Systems ECLS

(@K

A 4

July 2017

SUBDOMAINS:

1. Air Revitalization:
Theoverarching function of this area is to maintain a safe and

habitable atmospheravithin a spacecraft, surface vehicle, or habitaf.

2. Water Recovery and Management:

Thisarea provides a safe and reliable supply of potatdéer to meet
crew consumption and operational needs.

3. WasteManagement:

Theobjective of this area is to safeguard crew health, increase safy

and performancerecover resources, and protect planetary surfaces

all while decreasing mission costs.
4. Habitation:
Thisarea focuses on habitation functions that closely interface with
life-support systemsincludingfood preparation and production,
hygiene, metabolic waste collection, clothing/laundry, and the
conversion of logistics trash to resources.

bty
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Y

7 Extra )

vehicular
activity
systems

(K2

A 4

DEFINITION:

EVA systems are critical to every foreseeable human exploration
ission, from irspace microgravitynissions irLEO to planetary

face exploration. In addition, a launch, entry, and abort (LEA) sui

system imeeded toprotect the crew during launch, landing, and
cabin contamination/depressurization events, as well as the
ascent/decent transition for planetary excursio®nEVA system
includes hardware and software that spans multiple assets in a giv
missionarchitecture andnterfaces with many vehicle systems, such
as life support, power, communications, avionics, robotics,
materials, pressure systems, and thermal systems.

Not e: | t i s refHated with ESA’ s

(Source: NASA TA6.2)
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SUBDOMAINS:

1. PressureGarment:

Thesuit, or pressure garment, is the set of components a crew
memberwears anduses. It includes the torso, arms, legs, gloves,
joint bearings, helmet, and boots. The suit emplaysomplexsystem
of softgoods and mobility elements in the shoulders, arms, hips,
legs, torso, bootsand glovego optimize performance while
pressurized without inhibiting unpressurized operations. The LEA
suit also contains provisions to protect the crew member from both
nominal and offnominalenvironments €.g., gravitational, sound,
chemical) encountered during launch, entry, and landing, as well &
potential descent/ascento planetary surfaces.

2. PortableLife Support System (PLSS):

ThePLSS performs functions required to keepr&w memberalive
during an EVA. These functions include maintaining thermal contrg
the astronaut providinga pressurized oxygen (O2) environment, an
removing products of metabolic output suels carbordioxide (CO2)
and water (H20).

2. Power, Avionics, and Software (PAS):

ThePAS system is responsible fo
supply and distribution, collecting and transferring several types of
data to and from other mission assefwovidingavionics hardware to
perform numerous data display and-suit processing functions, and
furnishing information systems to supply data that enables crew
members to perform their tasks wittmore autonomyand efficiency.

[72)
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v (hiP technologies is to maintain the health of the crew and suppof

Human Health
and
Performance

Ky

A 4

DEFINITION:

optimaland sustainegberformance throughout the duration of a
mission

Not e: 't is relAated with ESA’ g

(Source: NASA TA6.3)

—
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SUBDOMAINS:

1. Medical Diagnosis and Prognosis:

Thisfunctional area provides a suite of medical technologies,
knowledge, and procedures that minimize the likelihood and
consequence of offiominal medicaévents duringexploration
missions. Efforts are also focused on developing novel screening,
diagnosisand treatmenttechnologies for conditions that drive
medical risk, as well as developing ty@propriate infrastructureo
match the level of care required for exploration Design Reference
Missions (DRMs).

2. LongDuration Health:

Thisarea focuses on providing validated technologies for medical
practice toaddress the effects of the space environment on human
systems and countermeasuresraintain crewphysical health,
behavioral health, and sustained performance on extendadation
missions.

3. BehavioralHealth:

Theobjective in this area is to provide countermeasures and condt
monitoring toreduce the psychosocial, neurobehavioral, and
performance risk associated with extended spae®el andreturn to

ct

Earth. Technology advancements are needed to identify, charactetiz:

and prevent oreduce risksassociated with space travel, exploration

and return to terrestrial I i f e

and performance
4. HumanFactors:
Thisar ea focuses on technol ogi eg
effectively reliably and safely interact within mission environments.
Elements include physical accommodation, digonomic®f crew
hardware interfaces, physical and cognitive augmentation, training
andHumanSystemsntegration (HSI) tools, metrics, methods, and
standards.

D

PAESTXANX01/03 104



AEROESPACIAL

ESPANOLA ==

RESEARCH & TECHNOLOGY (1)

Manned Spaceflight
Technologies (K)

\ 4

/” Environmental
Monitoring,
Safety and
Emergency
Response

QK4

DEFINITION:

EMSER is aimed tlevelop technologies that ensure crew health an
safetyby protectingagainst spacecraft hazards and to ensure
effective response should an accident occur

(Source: NASA TA6.4)

A 4

July 2017

SUBDOMAINS:

1. SensorsAir, Water, Microbial, and Acoustic:

Theobjective of this area is to providature spacecraftvith
advanced, networks of integrated sensors to monitor environmentg
health andaccurately determin@nd control the physical, chemical,
and biological environments of crew living areas and their
environmental control systems.

2. Fire Detection, Suppression, and Recovery:

Theobjective of spacecratft fire safety is develop technologiethat
ensure crew health and safety by reducing the likelihood of a fire, ¢
if one does occuminimizinghe risk to the crew, mission, and/or
system.

3. ProtectiveClothing and Breathing:

Theobjective of this area is to provide the crew with sufficient
capability to address offiominal situations within the habitable
compartments of the spacecraf@ff-nominal eventsnclude fire,
chemical release, microbial contamination, and unexpected
depressurization.

4. Remediation

Thefocus of remediation is to provide the crew with the ability to
clean thehabitable environmenbf the spacecraft in the event of an
off-nominal situation. Ofhominal events include firgn inadvertent
chemical release, or microbial contamination.

|

DI,
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DEFINITION:

The radiation area is focused on developing technologies to incregse
crew mission duration (10 1,000days, depending on the mission
Y {dthe freespace radiation environment while remaining below the
space radiation permissible exposure limits (PELS). It is generally
accepted that to meet the sugoalof extendingcrew mission

4 N

Radiation
effects on
humans
(1-K-5)

A /

\ 4

duration, an integrated, optimized approach utilizing shielding
options,biological countermeasuresmproved understanding of the
risks, and the ability to better predict and monititre radiation
environment will be required

Not e: |t i s reiCanddddnvi t h ESA’ {

(Source: NASA TA6.5)

SUBDOMAINS:

1. RiskAssessment Modeling:

Thefocus of this area is to develop tools that enable, quantify, and
reduce uncertainty in assessing astronaut risk due to space radiatior
exposure, as well as tmprove missioroperations, mission planning
and system design for LEO, desggace, lunar, and Mars missions.

2. RadiationMitigation and Biological Countermeasures (BCM):
Thefocus of this area i® developBCMs that can minimize or
prevent physical, cognitive, and behavioral disorders due to space
radiation without adverse side effects and loss of life.

3. Protection Systems:

Thefocus of this area is to advance the design of integrated radiatipn
protection shielding technologies that extend the duration of

July 2017

\ 4

missionsbeyond LEO by more th&® days within the scope of
reasonable vehicle design and mass. The focus is to provide passjve
or active shieldinghrough design advances, advanced materials,
lightweight structures, and Hsitu resources.

4. SpaceéNeather Prediction:

Thefocus of this area is to advance improvements in solar particle
event (SPE) forecasting and alert systems to minimize operational
constraints for missions outsidbe protectionof t he Ear |
magnetic field Note: it is related with K-10.

2. Monitoring Technology:

Thefocus of this area is to prototype and mature advanced,
miniaturized radiatiormeasurement technologies, and to
demonstratethese technologies as integrateghicle systemssing
available platforms.
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In-Situ
Resource
Utilization

(1-K-6)

AV )

A 4

DEFINITION:

In-SituResource Utilization (ISRU) is the identification, acquisition,
and utilization of local resourcelpth naturaland discarded, for

useful products and services. The purpose of ISRU is to significant

reducethe mass cost, and risk of shoterm and sustained human
exploration by eliminating the need to launtdrge amount®of
consumables, structures, and other items that are required for
survival and for completinission objectivesuccessfully. ISRU alsd

enables selsufficiency at particular locations, especially destinatiops

far from Earth
Not e: I t i s r eiBandddl/BianddD ESA’ {

(Source: NASA TA7.1)

A 4
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SUBDOMAINS:

1. DestinationReconnaissance, Prospecting, and Mapping:
Thisaddresses investigatingampling and mapping regolith, the
atmosphere, and the environment for future mining and utilization.
2. ResourcéAcquisition:

Thisaddresses extracting, collecting, recycling,-precessing, and
storing targeted' r a wsitu résources.

3. Processin@nd Production:

Thisaddresses producing, transferring, and storing consumable
products, such as water, air, and propellants that are needed by th
crew, as well as scientific equipmenbbots rovers, etc.

4. ManufacturingProducts and Infrastructure Emplacement:
Thisaddresses creatingfrastructure (anding pads, blast walls,
thermalwadi), fabricating tools and parts, and constructing items
neededfor safety redundancy, and comfort, as well as using
resources (metals, plastics, regolith, etc.) availatigitu.

112
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DEFINITION:

Sustainability and Supportability includes technology candidates
required to establish a seffufficient sustainableand affordable
human space exploratioprogram.

(Source: NASA TA7.2)

July 2017

SUBDOMAINS:

1. AutonomousLogistics Management:

Thisaddresses technologies needed to institateentralizedogistic
depot to manage and optimize the use of consumables at the
explorationdestination andninimize humarspecific logistics (i.e.,
food), as well as other logistics items that canrégurposed or
recycled in order to reduce Earth dependency and logistics train.
2. MaintenanceSystems:

Thisaddresses technologies needed to perform routine system
evaluation preventivemaintenance, and corrective actions on humg
exploration systems.

3. RepairSystems:

Thisaddresses technol oantdteesart 'h arte
well as thosehat perform minimum or norintrusive repair.

4. FoodProduction, Processing, and Preservation:
Thisaddresses technologies that feecew membersand keep their
food safe.

LN
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DEFINITION:

Mobility systems include rovers, EVA tools, and translation aids thi
improve the safety andffectiveness o€rews. They are essential for
conducting surface operations and establishing architectural
infrastructure Theyenable the exploration of asteroids and mission
to destinations like Mars.

Many of the mobilitycore technologiesre covered irl-J
Automation, Telepresence and Robotics.

vJ

(Source: NASA TA7.3)

July 2017
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SUBDOMAINS:

1. EVAMobility:

Thisaddresses EVA tools, transition systems, and mobility aids to
facilitate crew egress&nd ingress, and expedite the movement of
crew on site.

2. SurfaceMobility:

Thisaddresses technologies for navigating rough surface terrain,
allowing humansgo work on the surface of terrestrial destinatians
3. Off-Surface Mobility:

Thisaddresses technologies for navigating in the migravity
environment orat destinations with an atmosphere, including
balloons and other airships.
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duration human exploratiomissions bysing fully autonomous, resouree
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spaceflightisk associated with those missions
Note: it is relat#ldndwhz2randBSA’' s T

.| (Source: NASA TA7.4)

4 )

Habitat
Systems
(1-K-9)

A /|_>

SUBDOMAINS:

1. IntegratedHabitat Systems:

Addressescoustical treatments and noise reduction; solar optic

lighting and heating; lovtoxicity, fireretardant textiles; antimicrobial and
surface coatings; aneimbedded sensorthat monitor system performanceélso
includes Structures f or HaHd)i Additibmnal (
dependency technologies that suppdntegrated HabitaSystems capabilities
are beingncluded in 1J (Robotics),-L(Science Instrument®©bservatories, and
Sensors), A (Systems) as well ad1l, 1-K-3, 1-K-4 and 1K-5.

2. Habitat Evolution:

Addressegxploration Habitat Systems Concurrent Enginedvingeling and
Simulation. Maturing exploration habitat integrated concurrent model based
engineering ananodel basedsystems engineering design environment and
simulations capabilities are imperative achieving overalliesign optimization,
mass reduction, and crew performance optimization. Additional dependency
technologies that support Habitat Evolution capabilities are being includéd in
(Robotics)1-1 (Science Instruments, Observatories, and Sensoi)(Qystems)
as well ad-K-1, 1-K-3, 1-K-4 and 1-K-5.

3. a{ YENLIOAGIGAY

Focuse®n evolutionary, intelligent, and autonomous habitat capabilithest
enablelong-duration, deepspace human missions that increase crew
productivity, as well as creand missiorsafety, while reducing mass, power, an
volume needs. Additional dependen®chnologiesthas uppor t “ Sm
capabilities are being included 1rJ(Robotics)1-l (Science Instruments,
Observatories, and SensorsjAl(Systems) as well a€k-1, 1-K-3, 1-K-4 and

1-K-5.

4. Artificial Gravity (AG):

Includesspacecraft technologies that will reduce the detrimergtikcts oflong-
duration, zeregravity on human physiology, including thrust vector navigation
coursecorrection ofan AG (rotating) spacecraft in transit; technologies that
manage the center of gravity (Ckglance ospacecraft while providing thrust to
perform course correction; and momentum excharigedeploymentof the AG
spacecraft. These technologies will also benefit LEO and HEO commercial
facilities developmentAdditional dependency technologies that support AG
capabilities ardeing included iri-J(Robotics)1-l (Science Instruments,
Observatories, and Sensors)AlSystems) as well as<-1, 1-K-3, 1-K-4 and

1-K-5.

July 2017
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DEFINITION:

Mission Operations and Safety technology candidates manage sp:
missions, usually from the poiot launchthrough the end of the

mi ssi on ( Ho-fei.n,i sthhe d'esvtealrotp me nt
complex robotiand human spaceflight operations

(Source: NASA TA7.5)

AC

July 2017
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SUBDOMAINS:

1. CrewTraining:

Crewtraining for deep space, lorduration missions will be improved
with immersivev i r t u a | r etail me ,y” -smomitinet “ er xet
training. TA 11.3.4, SimulatidBasedlraining andecision Support
Systems, addresses crdwining needs for the purposes of Human
Exploration Destinatio®ystems.

2. PlanetaryProtection:

Planetaryprotection is a potentially significant challenge for human
exploration. These technologies address threats to the Bslidion
system from returning astronautdardware and extraterrestrial
samples.

3. IntegratedFlight Operations Systems:

Integratedflight operations for longluration,deep space

missions will require striking complex balances between ground ar
space operations, with shift towardincreasing crew autonomy that
will benefit from autonomous systems and comprehenshighly
integrated operationasystems.

4. IntegratedRisk Assessment Tools:

Integratedrisk assessment tools for deep spaomg-duration
missionswill help identify and analyze risks reducing threats to crev
and missions.

<
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Cross cutting
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DEFINITION:

This section includes dust mitigation and technology candidates fo
construction, assembly, and deploymeaitdestinationsystems
hardware

(Source: NASA TA7.6)

July 2017

SUBDOMAINS:

1. ParticulateContamination Prevention and Mitigation:

Includesa layered engineerindefense thaincorporates
technologiedor contamination prevention, exterior cleaning and
protection,interior cleaningand protection, and preserving gas
quality, as well as technologies associated wiibdeling plumeand
soil interactions.

2. Constructionand Assembly:

Includegtechnologies for construction and assembly ekpace

and surface structures and completing construction or assembly o
deployable systems. Bothaditional constructiorand assembly
concepts and advanced deployable systems are included. Since n
of the neededConstruction and Assembly capability technologies g
being developed under othareas (suclas1-J(Robotics) -

(Science Instruments, Observatories, and Sensoi)(ystemys
1-B-2 (Special types of Structureay well ad-K-1, 1-K-3, 1-K-4, 1-K-5
and1-K-9),these technologies are focused on shagargedor
excavation and fabric bladebris protection

PAESTXANX01/03 112
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DEFINITION:
It includes:

A Mission OperationsAddresses aspects related to the control andl
operations of space system elements (satellites, transfer vehiclgs,
orbiters, landers, probes, rovers, etc.) and related ground
segments, addressing the technologies associated with supportint
systems and tools.

A Ground Systems (including softwarefovers all elements and
knowhow required for engineering of the facilities that connect
the space segment with control centres. The application range
covers higkperformance deegspace stations to networks of smal
ground stations. It also includes mission control system software
design, verification, validation and maintenance methods/tools

\ 4

174

/ el \ and application of modern IT technologies to spacecraft
MiSsion operations, including Objeddriented Technologies.
Operations
& Ground (Source: ESATD 9, ESATD 12 and ESA TD 2C)

Systems

@

SUBDOMAINS:

Advanced System Concepft-L-1)

Mission Operationg1-L-2)

Ground Data Systemdission Control Systems) {[13)
Ground Stations Systemd-L-4)

Ground Communications Network4d4{-5)

Ground Segment Softwargl-L-6)

\ 4

ok~ wNE

July 2017 PAESTXANX01/03 114



AEROESPACIAL

ESPAROLA =
RESEARCH & TECHNOLOGY (1)

Mission Operations & Ground
Systems (4L)

DEFINITION:

Covering studies, technologyvestigations angbrototyping related to
the implementation andvalidation of innovative or advanced

\ 4

-

A

Advanced
System
Concepts
(1-L-1)

o

)

system and mission operation concepts

(Source: ESA TD 9A)

SUBDOMAINS:

\ 4

July 2017
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o
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DEFINITION:

Covering aspects related to operation processes and mission cont
concepts, including automation, autonomy at various levels and
distribution/decentralisation, operations support processes (such g
operation training) and associated tools, dependability of operation]
systems and processes.

1]

(Source: ESA TB)

July 2017

SUBDOMAINS:

1. Distributed and Decentralised Operations

Includes operations of single missions and families of missions,
formation flying and constellations.

2. Automation, Autonomy and Mission Planning Concepts
Includes concepts for automation and mission planning of ground
data systems and spacecraft operations.

3. Operation Support Processes

Covering aspects such as operation preparation, knowledge transfer

from manufacturer to operations, training, dependability of operatid
systems and processes.

n
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Ground Data
Systems
(MCS)

(1-L-3)
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\ 4

DEFINITION:

Coveringechnologies and techniques related to mission control
systems (MCS' s), SIM and DC ai
operations planning and scheduling, commonalities of AlV and
operations, decision support and process control, operations data
archiving and access, humatomputer interfaces (HCIs).

(Source: ESA ™)

A 4

July 2017

SUBDOMAINS:

1 - Mission Control System Automation, Mission Planning
Simulators and Station M&C and Data Centre Architecture and
Technologies

Includes architectural concepts, definition of a general framework,
set of building blocks/libraries for any type of mission and state of
the art technologies for Ground Segment CSOS (Complex System
of Systemi

2 - Preparationand ProcedureTools

Taking into account commonalities with EGSE requirements

3 - HumarzComputerinterfaces and Technologies

Includes frameworks, toolkits and other aiding tools that ease the
definition of HCI, sharing a common look and feel and usability.

a
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DEFINITION:

Covering technologies and techniques related to the design of a
ground station system and its constituent elements such as groung
TT&C and payload data reception antenna systems using RF and
optical techniques; transmit and receive radar and optical systems
ground based space surveillance; TT&C, radar and optical signal
data processing.

(Source: ESA TIRA)

an

July 2017

A 4

SUBDOMAINS:

1. Advanced Ground Station Design Concepts

Covers design concepts for RF and optical ground stations for spalce

communication and space surveillance applications.

2. Ground TT&C and Payload Data Reception Antenna Systems
Includes RF design, optical design, mechanical structures,
servomechanisms, and tracking processes.

3. Microwave and Optical Active/Passive Systems

Includes all active components such as LNAs, detectors, HPAs, la
frequency converters, microwave sources, all passive components
such as filters, switches, isolators, waveguides.

4. TT&C, Radar and Optical Signal & Data Processing

Covers telemetry receivers, decoders and demodulators; tele
command modulators and encoders, telemetry data-precessors,
ranging subsystems and precise navigation techniques.

5. Frequency & Time Generation and Distribution

Covers all means of frequency generation such as atomic clocks,
masers and crystal oscillators. Time reference generation and
synchronisation.

Note: Reference signals required for navigation, telecom

and science applications are covered a2 (5)

1%2)
D
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DEFINITION:

Covering all technological aspects 1or&C angbayload data
distribution, related tothe useof moderncommercialoff-the-
shelf grounccommunication technology/servicefor providing
cost/performanceeffective solutiongo the operations of space
missions

(Source: ESA TI2B)

-

A

Ground

Communications

Networks
(1-L-5)

o

)

July 2017
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SUBDOMAINS:

1. AdvancedGround Communication Networking Concepts
Covers new design concepts for data/communication in the
ground segment

2. CommunicationNetwork Technologies and Protocols
Covers issues related to communication and data exchange,
including routing and modem issues as well as network protoco

PAESTXANX01/03 119

Is.



AEROESPACIAL

ESPANOLA ==

RESEARCH & TECHNOLOGY (1)
Mission Operations & Ground

Systems (4L)

DEFINITION:

Mission control system software desigrerification validation
andmaintenance methods/toolsApplication of moderhT

\ 4

technologiego spacecraft operationgncludingObjectOriented
Technologies

(Source: ESA TAT)

Ground
Segment
Software

(1-L-6)

SUBDOMAINS:

July 2017

A 4
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DEFINITION:
It includes:

A SSA (Space Situational AwarenesSpace environmental effects
that are limiting on all space missions and need to be assessed
during all mission phases. Assessment requires the creation of
environment models and the knowledge of effects, which is
obtained by inflight measurement and testing.

A SST(SpaceSurveillance & Trackingpll aspects relatedo
knowledgeof the meteoroidand debrisenvironment including
space surveillancalatabasesassessing debrissk levels for
currentand futuremissions, reentry o$pace objectshyper
velocity impactand protection andmitigation measures.

A Clean Space related technologiesll the specific technologies
(not included into other areas, although affecting to some of the
to develop an ecdriendly approach to space activities.

(Source: ESA TD 4A, 4B and 4C for SSA, TD 11A and 11B for SS
PAE own elaboration based on Clean Space Program from ESA fq
M-4)

m)

T

July 2017

A 4

SUBDOMAINS:

1. SSTGround and space based debris and meteoroid
measurements -M-1)

2. SST: Modelling, risk analysis, mitigation, remediation and

protection (1-M-2)

SpaceEnvironments and Spacd&/eather (:M-3)

Clean Space related technologiesi-4)

hw
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DEFINITION:

Includes groundandspacebased measuremenisnd related
technology developments.

(Source: ESA TD 11A)

July 2017
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SUBDOMAINS:

1. GroundbasedRadar Measurements of Debris and
Meteoroids

Beamparkexperiments, observation and performance modelling

for trackingand surveillance sensors, comparison of

measurements and model®rocessing of radar tracking data e.g

to reconstituteorbits ofuncorrelated objects for operational

collision avoidancand anomalyesolution.

2. GroundbasedOptical Measurements of Debris and
Meteoroids

Highaltitude surveys for faint objects. Follewp and catalogue

maintenance of objects in higdltitude orbits. Development and

operation of planning and processing software for optical

measurements of artificial objects. Orbit determination and

observations for anomaly resolution. Planning and performance

analysis for optical spadeased sensors.

2. Insitu Radar and Optical Measurements of Debaisd
Meteoroids

Spacebased radar and optical detection techniques to

characterize thesmallparticle environment. Development, flight

anddata evaluation
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DEFINITION:
It includes:

Y @)Modelling and Risk Analysis:
Includes population models for meteoroids and debris (current and futyre
evolution), statistical and operational risk analysis in space athimny
survivability and safety analysis on the ground.

A 4

A Mitigation, Remediation and Protection:

Includes identification, standardisation and verification of the
implementation of mitigation measures and accompanying models,
environment prediction modelling, active removal techniques as well ag
HVI test techniques, development and validation of numerical simulatigns,
evaluation and modelling of materials for shielding.

(Source: ESA TIDB and 11C)

SUBDOMAINS:

1.1 Debris and Meteoroid Environment Models

Development and application of models for the characterisation of impact
flux on orbital surfaces. Development and operation of databases on spage
objects, launch and space event information.

1.2 Inorbit Risks

Operational collision avoidance, conjunction detection and analysis, orbit
refinement, avoidance manoeuvre optimisation. Statistical risk assessment
and analysis of requirements for collision avoidance (d€lteemaining risk)
for mission planning.

1.3 Reentry Risks

Structural analysis to determine the survivability of spacecraft components
under the influence of aerothermal and aerodynamic stress during controflec
and uncontrolled reentries. Development of simulation models and model$
of the spacecraft geometry, materials. Computation of ground safety.
Prediction of reentry windows (date and location) of risk objects from
surveillance data.

2.1 Space Debris Mitigation

Development of models and tools for the analysis of mitigation requiremepts
for a space mission, which includes the prediction of orbital lifetime, fuel
assessments, rentry survivability and mission survivability with respect to
debris impacts, as well as standardisation of these activities.

2.2 Space Debris Environment Remediation

Longterm environment projections using models for traffic and mitigation
actions. Identification of removal targets and evaluation of removal optiong.
2.3 Protection against Debris and Meteoroids
Testing, evaluation and development of HVI test techniques, development
and validation of numerical simulations, evaluation and modelling of
materials under HVI, impact damage data on S/C configuration, shield
optimisation.

July 2017
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DEFINITION:

It includes:
A Space Environmentylethods and models, and inflight monitoring of

micro-debris, atmosphere and contamination).

A Environment EffectsCovers effects due to space environment
(radiation damage and interference, spacecraft charging, nparticle
i mpact ri sk, ...) devel opment of

A 4

experimental investigations.

establishment of capabilities for predicting or evaluating hazardous
environmental conditions in space, in the ionosphere or on the groun
due to space weather, through use of observation technologies coup
with modelling and IT technologies. The observations and modelling
relate to phenomena on the Sun, in interplanetary space and couplin
with the nearEarth environment.

(Source: ESA ¥

(1) space environments (including radiation, plasmas, micrometeoroids ane

A Space Weathe€overs technology developments that contribute to the

174

[oXN

e

July 2017

SUBDOMAINS:

1.1. Numerical modelling of environment&stablishment of numerical

models that represent space environments and their variables, as required

by mission development and operation. Associated data analysis, and
systems delivering model output for efficient use in development and
operations.

1.2. Inflight Monitoring Technologies to gather data on the space

environment. Includes radiation detection (fluxes and derived quantities for

all radiation components), plasmas, direct migrarticle detection.
2.1. Effects Analysis ToolBevelopment of tools for each environmental
domain and resources for coordinated assessment. Tools for use in

development and operations for quantifying environmental effects in termis

of engineering parameters, and for use in product assurance and testing.
2.2. Ground and Space Effects Investigatiofsoviding data for the
development and validation of the analysis tools and including establishm
and/or exploitation of orground and irspace investigations of the
environments and the effects on technologies. Includes radiation effects,
charging and ESD monitoring, direct and indirect impact detection, analys
of returned material, etc.

3.1. Modelling Development and IT InfrastructurBrevelopment of
numerical models in the various space weather domains (Soddigspheric

magnetosphericionospherig. Also covers IT infrastructure: development of

an integrated but distributed system that includes réiate and archived
data, coupled modelling and useriented informatics tools.

3.2. Space Weather Monitoring Technolagy situ and remote
measurement of space weather features for use in forecasting and
nowcasting including solameliospheri¢magnetospheriandionospheric
domains.
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SSA & Clean SpaceNi)

DEFINITION:

Covers althe specific technologies (not included into other areas, although
affecting to some of them) to develop an efi@endly approach to space
activities as defined in the ESA Clean Space Program.

A 4

(Source: PAE own elaboration based on ESA approach for Clean Space
program)

SUBDOMAINS:

1. Ecocdesign:technologies oriented taddress environmental impacts and
foster greentechnologies in space development.

2. CleanSattechnologies implemented from the design to reduce the

> production of space debris.

3. eDeOrbit technologies developed specifically to-debit space debris
and, particularly large pieces of it.
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Data

Technologies
(1-N)
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DEFINITION:

It includes all the technologies related with data generated by the
different types of space missions (downstream applications). In
particular:

A Data engineering and processing: integrate, visualise, archive,
search, mi ni ng ...

A Exploitation of data coming from Earth observation missions.

A Exploitation of Space Science and Exploration data.

A Application of Big Data technologies to space data.

(Source: PAE own elaboration taking into account ESA TD 2D and

Data
Technologies
(1-N)

A 4

SUBDOMAINS:

1. 5F0F SyaAySSNAy3IY AyiS3aNI Sz
(1-M-1)

Earth Observation Data Exploitation {#-2)

Exploitation of Space Science and Exploration dataV{13)

4. Big Data Application in Space TechnologiesM#4)

w N

July 2017
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DEFINITION:

It includes all the technologies related with the management of spac
generated data oriented to their applications (from the final user
point of view).Coversarchiving systems and analytical processing O
spacedata (integration/fusion, visualization, searching, mining...) fc
any kind of space mission. Particularities of Earth Observation
Missions and Space Science ones are included i@ Bnd N-3.

=3

A 4

=

(Source: ESA TD 2D and PAE own elaboration)

4 Data )

engineering:
integrate,
visualize,
archive,
search,
mi ni ng

 (@ND)

SUBDOMAINS:

1. Data Archiving Systems
Longt er m data storage, | arge dat
2. Analytical Processing

Data integration and fusion, data visualization, data searching, dat
mi ning, etc..) Big data technol ¢
generated data are included intoNl-4

A 4

je)
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-

Earth
Data

(1-N-2)

\_

Observation

Exploitation

~

/

A 4

DEFINITION:

Technologies associated with provision of Earth Observation base
data and information to user communities, support to data
utilisation, applications and services, creation of higher level
information products and the creation and provision of information
based services.

(Source: ESA TD 2E and PAE own elaboration)

July 2017

A 4

SUBDOMAINS:

1. EO Dataand Information Processing and Exploitation
Coversspecific aspects of EO missions relatedata and
information acquisitionarchiving processing, dissemination, and
quality control, ando missionplanning. Also covers exploitation of
federatedand collaborativepayload data ground segment services
anddata dissemination

2. Applicationsand Services

Covers aspects related 0 based applicatiorfs.g. algorithms,
models relatedenvironments, etc.), highdevel processing,
information mining informationbased services, service support,
outreach.

3. Information Systems and User Interfaces

Covers aspects related to systems for accessing data and informa
and user interface tools and methods.
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Exploitation
of Space
Science and
Exploration

data (EN-3)

- J

A 4

DEFINITION:

Technologies associated with provision of Science and Exploratior
missions based data and information to user communities, suppor
data utilisation, applications and services, creation of higher level
information products and the creation and provision of information
based services.

(Source: PAE own elaboration)

[ 1C
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A 4

SUBDOMAINS:

1. ScienceData and Information Processing and Exploitation
Covers specific aspects ®€iencamissions related to data and
information acquisition, archiving, processing, dissemination, and
quality control, and to mission planning. Also covers exploitation o

federated and collaborativdata with special emphasis on fusion with

ground based data (i.e.: coming from-ground telescopes) andata
dissemination.

2. ExplorationData and Information Processing and Exploitation
Covers specific aspects of Exploratmissions related to data and
information acquisition, archiving, processing, dissemination, and
quality control, and to mission planning. Also covers exploitation o
federated and collaborativdata.
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4 )

Big Data
Application
in Space
Technologies

(1-N-4)

\_ /

DEFINITION:

It includes the application of big data technologies to any kind of d
generated from space related missions including: data from the
development of the ground and space infrastructure (phases A to
data from the mission operations including disposal (phases E andg
to obtain valuable results not trivially extractable directly from the
data.

(Source: PAE own elaboration)

s1F.

D
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A 4

SUBDOMAINS:

1. BigDataTechnologies applied to on ground infrastructure
development

2. Big Data Technologies applied to in space infrastructure

development

Big Data Technologies applied to EO space mission data

4. Big Data Technologies applied to Science and Exploration

mission data

Big Data Technologies applied to telecom missions

Big Data Technologies applied to Navigation missions

7. Big Data Technologies applied to manned space flights

w

2

PAESTXANX01/03 132

)
F



AEROESPACIAL S

ESPANOLA =
RESEARCH & TECHNOLDGY (

July 2017 PAESTXANX01/03 133



AEROESPACIAL

ESPANOLA. =

RESEARCH & TECHNOLDGY~

/

-

New Space
Paradigms
(1-O)

~

)

A 4

\
DEFINITION:

It includes all the technologies related with new methodologies for
space development improvement. In particular:

A Use of COTS (commercial of the shelf) components and
technologies for space systems.

A Adaptation of mass production techniques to space systems (fo
launch systems, constellations and standardized products)
including the automated manufacturing techniques applied to
space systems.

A Additive Manufacturing including in space conditioning.

A Sustainable space manufacturing supply chain.

A Customer based manufacturing technologies.

(Source: PAE own elaboration and SMART Technology Roadmap
1-P-5 and 1P-6)

fo

July 2017

A 4

SUBDOMAINS:

1. Use of COTS "Commercial Of The Shetifhponents /
technologiesin space {-P-1)

Mass production techniques for spacé-p-2)

Additive Manufacturing (including in space conditions)-P-3)
Sustainable Space Manufacturing Supply ChdiiP{4)
Customerbased Manufacturing1-P-5)

arwN

PAESTXANX01/03 134



AEROESPACIAL

ESPANOLA. =

RESEARCH & TECHNOLOGY (1)

New Space Paradigms Q)

4 Use of COT§
"Commercial
Of The Shelf"
components
&
technologies
In space

\_ (1-0-1) )

A 4

DEFINITION:

It includes all the new approaches using commercial of the shelf
components forspacecraftand the necessary quality approaches tq
be implemented to assure the overall mission performances.

It also includes the spim of technologies used by other sectors inta
space vehicles and space missions in general.

(Source: PAE own elaboration)

July 2017

A 4

SUBDOMAINS:

1. Technologies for using COTS electronic components into spac
vehicles

2. Technologies for using COTS software components into space
vehicles

3. Technologies for implementing in space vehicles technological
solutions coming from another sectors

D
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DEFINITION:

It includes all the technologies developed to adapt the mass
production technigues coming from another industriespecially
from aeronautic one-to space.

It also includes the technologies implemented to massively produg
satellites for big constellations

A 4

(Source: PAE own elaboration)

4 )

Mass
production
techniques
for space
(1-0-2)
SUBDOMAINS:
1. Launch vehicles mass production technologies
2. Satellite constellations mass production technologies
» 3. Standardization applied to space launchers
4. Standardization applied to satellites
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DEFINITION:
It includes additive manufacturing, otherwise known as 3D printing,
which builds up hardware layer by layer, enabling the construction |of
hardware that simply could not be built in any other manner.

(E S A’ pageland PAE elaboration)

( N

Additive
Manufacturing
(including in
space
conditions)
(1-O-3)

- /

A 4

July 2017

SUBDOMAINS:

1. Design and development technologies and guidelines for AM
applied to space systems

2. Verification technologies and guidelines for AM applied to spage

systems

Quialification methodologies for AM space parts and systems

4. In-space manufacturing using AM technologies

w
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\

~

Sustainable
Space
Manufacturing
Supply Chain
(1-O-4)

)

\ 4

DEFINITION:

Includes innovative processes and systems for sustainability in
terms of energy and resource consumption and impact in the
environment.

OBJECTIVE:

Deploy production processes compatible with the REACH
regulation. Reduction of raw materialsse with respect to current
reference by means of reduction of noronformities, netshape
production and reuse of materials.

Note: It has a strong relationship withM-4 (Clean Space in
particular with Ecadesign subdomain)

(Source: SMART report, paragraph 4.1.7 and ESA Clean Spacg

program)

July 2017

\ 4

TECHNOLOGIES:

1. Process and product monitoring with Instant automatic
feedback to design and manufacturing with sédfrning
systems to assure optimum design for manufacturing and z¢
defects

2. Cleaner processes, with less resource consumption: materig
energy, lubricants, etc. and reduction of generated waste

3. Il mproving the “Buy to Fly r
and other netshape manufacturing techniques

4. Environmental compliant auxiliary materials

5. Reuse of ancillary materials

6. Less energy consumption processes such as titanium cold
forming

7. Reducing consumption of tools by component, optimising th
use with intelligent tool life control

8. Advanced supply on demand management tools

r=—4

S
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Includes involving customers in manufacturing value chain, from
product process design to manufacturing associated innovative
services

OBJECTIVE:

\ 4

Development of management processes that permit standard
production in environments with highly changing rates or model
changes.

(Source: SMART report, paragraph 4.1.8)

( N

Customer
based
Manufacturing
(1-O-5)

- /

TECHNOLOGIES:

1. Simulation, concurrent engineering methods and prototyping
technologies for shortening development and certification
cycles

2. Development of SHM (Structural Health Monitoring) as a
qualificationelement forspacecraft

3. Modular systems, structures and manufacturing for efficient

adaptation to customer demands

Flexible toolless manufacturing and assembly

Rapid prototyping techniques

A 4

ok
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SPACE TAXONOMY

SEGMENTS OF)

A 4

Space Science
(2-A)

\ 4

Research & Technology
Development (2B)

A 4

Commercial & Programmes
(2C)

ACTIVITY
@ |

What the people is
working for?

A 4

Design
(2-D)

\ 4

Manufacturing
(2-E)

\ 4

Quiality
(2F)

A 4

People can work in one or several of th

following fields:

A Doing science from space (2A)

A Doing RTD for space (2B)

A Managing programs (2C)

A Selling or studying the market (2C)

A Designing space systems or
subsystems (2D)

A Manufacturing space elements (2E)

A Assuring the quality (2F)

A Assembling, integrating and validatin
(including testing) space elements or|
systems (2G)

A Providingthe services linked with
accesdo space(2H)

A Operating space missions (21)

A Developing space based services (2.

A Providing transportation and servicing
in space (2K)

A Detecting hazards (coming from
natural or artificial sources) to space
infrastructure (2L)

A Allowing human flight to space @)

A Doing general management &

11%)

administration (2N)

Assembly, Integration, Verification
& Tests (A35)

A 4

Access to Space
(2H)

A 4

Mission Operations

(21)

A 4

Services & Applications
(2J)

A 4

In Space Transportation & €ambit
Servicing (XK)

A 4

Space Situational Awareness
(2L)

\ 4

Human Factor
(2-M)

General Management &
Administration (2N)
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Space Science
(2-A)

DEFINITION:

Space science encompasses all of the scientific disciplines involved in space exploration an
studying phenomena occurring in outer space, such as space medicirstaobiology. It
includes:

1. Astronomy including astrophysics, stellar astronomy, planetary science, galactic astronon
extra-galactic astronomy and physical cosmology

2. Space Exploration including manned and unmanned spaceflight

3. Astronautics including space medicine

4. Astrobiology

(Source https:// en.wikipedia.org/wiki/Outline_of space_scienge

Research &Technolog
Development 2-B)

DEFINITION:

It includes all the activities dedicated to research (scientific studies) and technology
development oriented to space infrastructure development including ground infrastructure
dedicated to space related activities

(Source: PAE own elaboration)
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Programmes
(2-C)
DEFINITION:

It comprises all the activities dedicated to manage the space programs starting from the
commercial activities (looking for new businesses) and including all the program manageine
disciplines applied to space prograntisincludes:

Commercial

Project planning and implementation
Configuration and information management
Cost and schedule management

Integrated logistic support

Risk management

oOhwWNE

(Source: PAE own definition based on ECSS standards about management:
http://ecss.nl/standards/ecsstandardson-line/active-standards/management)y

Design
(2-D)

DEFINITION:

It comprises all the activities dedicated to desagy kind ofspacecraft and associated grounc
systems starting from the applicable set of requirements and finalizing with the definition f|les
to be used for manufacturing, AlV and quality assurance.

(Source: PAE own elaboration)
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Manufacturing

(2E)

DEFINITION:

It comprises all the activities dedicated to manufacture the different paremngfkind of
spacecrafor ground stationstarting fromthe files defining thedesign.

(Source: PAE own elaboration)

Quality
(2-F)

DEFINITION:

It comprises all the activitie®lated with the assurance of the quality of any kind of spacecraft
or ground station including product assurance and quality measurement, as well as quality
system maintenance.

(Source: PAE own elaboration)

Assembly, Integration,
Verification & Tests
(2-G)

DEFINITION:

It comprises all the activitie®lated with the assembly and integration of subsystems and
parts to construct the space systems (spacecraft or ground stations), as well as all the
verification activitiesncluding testingat different levels.

(Source: PAE own elaboration)
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(2-H)

DEFINITION:

It comprises all thactivities (commercial and technical ones) related with the provision of the
service to launch any kind of satellite and position it into its orbit. Launcher development is n
included here.

(Source: PAE own elaboration)

Mission Operations

(2-1)

DEFINITION:

It comprises all the activitie®lated with the operations of the space systems excluding the
development of the ground stations. It includes mission design and preparation and missipn
operation itself from launching to final disposal. The development of services based on data
coming from space missions is included intd 2

(Source: PAE own elaboration)

Services & Application
(2-J)

DEFINITION:

=

It comprises all the activitie®lated with the development and commercialization of any kin
of service or application based on the use of data coming from space.

(Source: PAE own elaboration)
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In-space transportation
& on orbit servicing
(2-K)

DEFINITION:

It comprises all thactivities related with the provision of the service of transporting satellitgs
from the injection point provided by the launcher to their final orbital position as well as on
orbit servicing, including ISS or any other future serviceable space vehicle. The development o
the necessary infrastructure (vehicles and ground systems) is not included.

(Source: PAE own elaboration)

Space Situational
Awareness (SSA)
(2-1)

DEFINITION:

SSAaims to detect predict and assess the risk to life and property due to 1mele space
debris objects, reentries, iarbit explosions, irorbit collisions, disruption of missions and
satellite-based service capabilities, potential impacts of NEarth Objects (NEOs), and the
effects of space weather phenomena on spaaed groundbased infrastructure.

SSA mean® knowwhat goes on in space by acquiring the independent capability to watch
for objects and natural phenomena that could harm our infrastructticamprises all the
activitiesrelated with the application of SSA measurements to watch and try to prevent the
possible effects of space related environment into the Earth, including natural environmental
effects, meteoroid and debris impact.

(SourceESA SS#rogrammeg
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Human Factor
(2-M)

DEFINITION:

It compriseghe activitieslinked with the human factor in the space flight such as: selection
and training of astronauts, flight as an astronaut, nutrition and care of astronauts, space
medi cine, space psychology, etc..

(Source: PAE owalaboration)

General Management &
Administration
(2-N)

DEFINITION:

It comprises all thactivities related with the general management of the entities and all the
administrative services (human resources

(Source: PAE own elaboration)
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What the space activity
is applied for?

July 2017 PAESTXANX01/03

Earth Observation
(3-A)

Navigation
(3-B)

Communications
(3-C)

Security
(3-D)

Defence
(3-E)

Science
(3F)

Robotics Exploration
(36)

Manned Space Flight
(3H)

Future Domains
(3)
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Earth
Observation
(3-A)

DEFINITION:

The single location where we can learn the most about our planet is found nowhere on Eafth
but high up above it. Today, images of our planet from orbiting satellites are acquired
continuously; they have become powerful scientific tools to enable better understanding and
improved management of the Earth and its environment.

Earth observation provides objective coverage across both space and time. In the long tern,
monitoring of the Earth’s environment wil
human activity and the likely future extent of climate change.

One major class of Earth observation instruments are termed optical because they obtain gat
by recording the Earth reflected energy across various wavelengths, including visible light anc
invisible infrared bands.

Other sensors known as radar instruments actively shine microwaves pulses down to Earth it
order to record how these pulses get reflected back up to space. These instruments measpre
surface roughness instead of light or heat energy, and have the advantage of being able tq se
through cloud and darkness. A different type of instrument named a altimeter records very
precisely the time it takes for a microwave or laser pulse to be bounced back to the satellit
measuring both land and sea height to an accuracy of a few centimetres.

(D

Themakeup of the Earth’s atmosphere is also
Atmospheric instruments work by detecting how the envelope of air surrounding our plane
affects light, heat or radio energy passing through it. Certain 'signature’' spectral wavelengths
either absorbed or emitted by the atmosphere indicate the presence of associated chemicals
and gases.

Earth observation techniques are also applied by satellites orbiting another objects in the
universe to study them and their environments.

(Source: PAE own webpabgeor ati on from ESA’s
http:// www.esa.int/Our_Activities/Observing_the Earth/View_from_abgve
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Navigation
(3-B)
DEFINITION:
Using the fixed stars, you can deter mine

a few hundred metres, provided the weather is fine. But navigation satellites can tell you whel
you are to the nearest few metres or better, whatever the weather.

Distance measurements from two satellites tell you that you are situated somewhere on th

circle where two spheres intersect. The spheres each have one of the two satellites at theif
centerand their radii are the satelliteeceiver distances. Knowing your distance from a third
satellite fixes your position at one of the two points where the circle intersects the third sphert
One of the intersection points can usually be discourtéat instance, it may be thousands of
kilometersa b o v e t Iswfac& &mractice, & fourth satellite is needed synchronizeyour

receiver’'s clock with a common ti me st an|d
board all the satellites. The use of a fourth satellite also resolves the position ambiguity tha
occurs with only three satellites. In general, the more satellites used, the greater the positipni
accuracy. Many receivers have channels for receiving signals from up to 15 satellites

~+

It is only possible to determine a location on Earth if you know the location of the navigationa
satellites very precisely. This is achieved by placing the satellites in highly stable Medium Ear
Orbits (MEOSs) at an altitude of about 22 ddl@meters.MEOQOSs are the orbits of choice for a
number of reasons: their stability enables exact orbit predictions; the satellites travel relatiely
slowly and so can be observed over several hours, and the satellites can be arranged in a
constellation so that at | east four ar.e |v

Benefits from satellite navigation data are well known by everybody since every smart phohe
incorporates a navigation sensor and associated applications.

(Source: PAE own el abioration from ESA’ s Wi
http:// www.esa.int/Our_Activities/Navigation/About_satellite_navigation2
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Communications
(3-C)

DEFINITION:

Satellite telecommunication is the most mature of space applications. Starting 50 years ag
the launch of Telstar in 1962 agyncomn 1963,satcomhas continued to grow ever since.

O
=

At first, satellite performance was very limited. To compensate for this, very large ground
stations with dish antennas more than 20 metres in diameter were required to establish links
with them. The use of satellites was limited to long distance telephony and to the transport of
television signals between studios.

New technology and different kinds of demand have changed the way communications
satellites are used. More powerful satellites and the use of higher frequencies have made
possible for many people to receive direct signals from the sky. At the beginning of the 219
century, more than 100 million European homes were able to watch telepsogrammes
transmitted by satellites, either by direct reception or through cable distribution systems

~t ~—+

A When you listen to the radio, it is very likely that the signal you are receiving has been
distributed from the central studios lsatellite.

A Many newspapers and magazines are produced locally but printed centraigontent of
the paper is sent to the printing plants using satellite links

A Even when a news or sports event shown on television is taking place juskddeweters
away from the studios, it has probably been transmittedsatellite.

A Most news agencies use satellites to distribute text, audio and video todffdiates.

A In many countries, access to the Internet is by satellite communicatiomvithdhe
emergence of very powerful broadband satellites, useesjuipped with their own
broadband interactive satellite terminatswill get access to the Internet regardless of their
distance from the nearest terrestrial node

A Big satellite constellations al MEO orbits are currently under development to provide
universal Internet and communication service all around the world.

(Source: PAE own el aboration from ESA’ s w
http:// www.esa.int/Our Activities/Telecommunications Integrated Applications/Telecommuni
cations_satellite$
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Security
(3-D)

DEFINITION:

Spacebased systems are making an increasingly important contribution to security and to the
Security and Defence Policy (CSDP). The world faces constantly evolving security threats [the
more diverse, less visible, and less predictable than before.

Space assets provide a significant contribution to confronting these threats through their glob
monitoring, communication, and positioning capabilities.

(Source: PAE own el aboration and EU’ s wel
https://ec.europa.eu/growth/sectors/space/security &s

Defence
(3-E)

DEFINITION:

Besides the security applications (most of the time considered as part of defence policy), thel
are another military uses of the space including the weapon andvegaipon systems based on
space.

But there are civilian applications of space (particularly, observation, navigation and
communications) that also have military uses and, most of the times, dedicated space
infrastructures due to security reasons.

(Source: PAE own elaboration and NATO SPgezation Assessment:
https:// www.japcc.org/wpcontent/uploads/NATEEpaceOpsAssessmenjar09.pdf)
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Science
(3-F)

DEFINITION:

Space science encompasses all of the scientific disciplines involved in space exploration anc
studying phenomena occurring in outer space, such as space medicine and astrobiology

It includes:

A Astronomy including astrophysics, stellar astronomy, planetary science, galactic astronofny
extra-galactic astronomy and physi@dsmology

A Scientific studies coming from Space Exploration (manned and unmanned ones)

A Astronauticsncluding spacenedicine

A Astrobiology

(Sourcehttps://en.wikipedia.org/wiki/Outline_of space_scienge

Robotics Exploration
(3-G)

DEFINITION:

Although in a wide sense any unmanned satellite could be considered as a robot space robot
as a particular application of general robotics, considers two main scenarios: robotics undgr
microgravity conditions for uses inside space stations and some tasks as orbital servicing @nc
planetary robotics where the application field is the development of autonomous vehicles tp
move close to the surface of another planets or celestial bodies in general.

(Source: PAE own el aboration and | EEE Rof
http:// www.ieeeras.org/spaceobotics)
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Flight
(3-H)
DEFINITION:

Any time where a vehicle flying up to space (internationally considered as flying at an altityde
higher than 100 km) has any human being inside, we are doing a manned space flight.

Space development has always included manned space systems and, although the roboti¢
exploration has made a lot of advances, the interest to fly to the space has been renewed |n 1
last decade with the concept of space tourism and the more recent objective of going to Mgrs
probably coming back to Moon first.

Development of manned systems and long duration space travelling are currently acting a$
research and technology tractors for many other space andspace technologies.

(Source: PAE own elaboration)

Future Domains

(3-)

DEFINITION:

If the travel to the Moon or Mars become a reality in the next decades, some new applicati
of space could appear.

1<)

n:

Mining from asteroids, energy harvesting from space and some another future applicationg nc
yet implemented or demonstrated can appear.

(Source: PAE own elaboration)
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How the relationship
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SPACE & SOCIETY (4)

The definition of the economic sectors to establish the possible
relations between Space Industry and the rest of the sectors in
society is made based into the reference document R4.

Although not all the included economic sectors are considered

a I
Other
industries
(4-A)

- J

A 4

industries, we include here most of of them because they are
defined as “lI ndustry Classifi
Each subdomain has a correspondence with a sector in R4. Ther
some special sectors included in the other classes of this domain

(Source: NAICS and PAE synthesis)

D
[e))

July 2017

Y

SUBDOMAINS:

A AGRICULTURE, FORESTRY, FISHING AND HUMFINGegtor 11

A MINING, QUARRYING, OIL & GAS EXTRACAIGN: Sector 21

A UTILITIEENERGY, WATER AND OTHER SYSTHEVE) ¥ctor 22

A CONSTRUCTIONA4): Sector 23

A PETROLEUM, CHEMICAL & PLASTIC PRODUCTS MANUFAGTRJR
5): Sectors 324, 325 and 326

A METALLIC & NGMETALLIC PRODUCT MANUFACTURING)(4
Sectors 327, 331 and 332.

A MACHINERY MANUFACTURING-{@: Sector 333

A COMPUTER, ELECTRICAL & ELECTRONIC PROBUEBNCTURING
(4-A-8): Sector 334 and 335

A MOTOR VEHICLE MANUFACTURINGO}4Sectors 3361, 3362, 3363

A AIRCRAFT & MISSIIFFSODUCTS AND PARTS MANUFACTRING
10): Sector 3364 except Spacecraft related products and parts.

A RAILROAD PRODUCTS MANUFACTURINGI): Sector 3365

A SHIP & BOATS MANUFACTURING12): Sector 3366

A OTHER TRANSPORT EQUIPMENT MANUFACTURINEE: (8ector
3369

A OTHERMANUFACTURING-f414): Sectors 311 to 316 (food, beverage
tobacco, textiles, apparel, leather and allied), 321 to 323 (wood, pape
and printing), 337 (furniture) and 339 (miscellaneous)

A AIR TRANSPORTATI@M-15): Sector 481

A OTHER'RANSPORTATIONMSA-16): Sectors 482 to 493

A ENGINEERINEERVICHS-A-17):related with sector 54 (professional
&technical) and 55 (management of companies)

A HEALTH CARE & SOCIAL ASSISTANGB)( Sector 62

A OTHERSERVICES AND OTHER SECF®RS) Sectors 42 (wholesale
trade), 44/45 (retail trade), 53 (real state, rental and leasing), 56
(administrative and waste services), 72 (accommodation and food

N(

=

services) and 81 (other services except public administration)
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DEFINITION:

Here we include the economy in general (sector 52 of NAICS classification) and, in particulaf:
A The different funding schemes applicable to space related activities (public or private fund|nc
A The studies from economical point of view of space related activities.
A The insurance applied to space related activities.

(SourceNAICS and PAE own elaboration)

Policy
(4-C)

DEFINITION:

Space policy is the political decisioraking process for, and application of, public policy of a state
(or association of states) regarding spaceflight and uses of outer space, both for civilian (scignt
and commercial) and military purposes. International treaties, such as the 1967 Outer Space
Treaty, attempt to maximize the peaceful uses of space and restrict the militarization of space

174

We include here all the public administration bodies related with space.

(Source Wikipediahttps:// en.wikipedia.org/wiki/Space policand sector 92 of NAICS)

Law
(4-D)

DEFINITION:
Space law can be described as the body of law governing-spkted activities. Space law, much
like general international law, comprises a variety of international agreements, treaties,
conventions, and United Nations General Assembly resolutions as well as rules and regulatipn:
international organizations.

We include here all the legal aspects of space including patents.

(Source: UNOOSH#ALp:// www.unoosa.org/oosa/en/ourwork/spacelaw/index.htrl
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International ceoperation
(4-E)

DEFINITION:

One of the benefits of space exploration is international cooperation. Although the Age of Spac
began in a fiercely competitive mode, political and funding realities have now shifted the balgnc
toward cooperation. This is particularly true in the case of the International Space Station, with |
16 partner nations. And it promises to be increasingly true with the Vision for &paoderation.

(Source: NASHKLtps://www.nasa.gov/exploration/whyweexplore/Why We 10.htjnl

[ Ed(u4cﬁ:gion ]

DEFINITION:

Education includes all the activities dedicated to learning. Particularly:

A All the official education system levels from primary to university degrees.

A All the unofficial learning systems from MOOCs (Massive open online courses) and any ofhe
distance learning to internal training courses provided inside industry, research centers angl a
other entity.

The inspirational activities, many ti mes

“Outre&ch” (4

(Source PAE owrelaborationand sector 61 of NAICS)

July 2017 PAESTXANX01/03 160


https://www.nasa.gov/exploration/whyweexplore/Why_We_10.html

PLATAFORMA TECNOLOGICA I

AEROESPACIAL
ESPANOLA = [ Outreach J

SPACE & SOCIETY (4) (4.G)

DEFINITION:

Under this generic title we include all the activities related with the public information, including:

A Press and news.

A Publicity at any level.

A Any communication activity: from general public ones to specialized congresses and events.

A Any inspirational program launched to attract young people to pursue scientific and technglog
careers.

(SourcePAE own elaboration and sector 51 of NAICS)

Humanities
(4-H)

DEFINITION:

Under this generic definition we include all the activities related with humanities as, for instarjce

A History (humansave dreamed about spaceflight since antiquity. The Chinese used rocketg fo
ceremonial and military purposes centuries ago, but only in the latter half of the 20th centyry
were rockets developed that were powerful enough to overcome the force of gravity to reatch
orbital velocities that could open space to humaxploration: that adventure continues today).

A Arts, entertainment and recreation, including museums and planetariums, as well as filming «
any other artistic expression.

A Social studies related with space.

A Libraries and any database containing relevant data for space.

(Source PAE own elaboration, sector 71 of NAICStdd//www.aerospace.org/education/stem
outreach/spaceprimer/a-brief-history-of-spaceexploration )
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