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EXPLORATION AT ESA
AND THE TECHNOLOGY ROADMAPS FOR EXPLORATION
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ESA’S EXPLORATI

ON DESTINATION

LEO
Strategic Aspects

MOON

* Gradual transition to enlarged roles e Resource potential

of private sector

Science Aspects

* Human-assisted research in life and + History of solar system

physical sciences
* Opportunistic science and
applications

Programmatic Aspects

* Preparation of deep space
exploration
* Prepares European roles

ESA Programmes
* ISS up to 2020
* Beyond 2020
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* Origin of life on Earth
* Opportunistic science and
applications

+ First destination of humans
beyond LEO

« Shapes international roles and
partnership

MPCV-ESM

slide 4

« Participation in Russian-led
unmanned precursors

MARS

Extension of human activity
beyond Earth-Moon system

Search for life

Planetary evolution
Opportunistic science and
applications

Long term destination for
humans

ExoMars
Mars Robotic Exploration
Preparation



ESA EXPLORATION SCENARIOS

m I55 Extension
ety ™) Uttilization of Commercial or

Government-Owned Platforms

Post-ExoMars Mission
}G }D Participation Mars Sample Return Mission

| Participation in Human Missions

_ MPCV-ESMWY’

s

= g‘f’%_

) Strategic Role in Human Transportation

Transportation

Ml TR
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COORDINATION OF EXPLORATION ACTIVITIES

DG’s vision on Exploration presented to Council in June 2010 stated that “ESA
will optimise its internal and external interactions to provide coordinated and
coherent messages on Exploration”.

Under mandate of the Directors Committee for Exploration, in December 2011 an
internal process of coordination of on-going and possible future procurement
actions on Technologies for Exploration was initiated, in order to provide a
consistent view to ESA Delegations and a better visibility on the Agency’s
procurement actions and activities in this field.

The above action translated into:

- The compilation of technology roadmaps, as a living document, illustrating
the technology needed to support space exploration

- The preparation of co-ordinated procurement plans for space exploration
technologies in Europe, based on these roadmaps
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TECHNOLOGY ROADMAPS’ GENERATION

Preliminary
Technology
Procurement Ple

preparatic Minisﬁlerial

SP072012) Confer‘ence
203',*2 Roadmap re
Roadmap preparation: ' u J an-d_ .
2nd cycle with industry :Qéﬂﬂg?o%y

(coordinated by \
Eurospace) and )
Programme Board

Exploration QEIEIeEleIglS
involvergelgls

P12-7/2012) @

procurement
. activities

S -
1st Roadmap Issued: (2013-2015)
and presentation to F
Industrial Policy
Committee and
Exploration Programme
Board

(7/2012-9//2012)

© Roadmap
preparation:

1st cycle internal to ESA ¢
and presentation to
Delegations of

v Programime Board
' Exploration 2 The roadmaps have been cross-checked for
(12/2011-3/2012) '_: & consistency with the ones resulting from the ~

ESA Harmonisation Process
b T

<

CROSSCUTTING SO =CYNS YT

THEME - Directorate .
“Technolo - Initiative on : ’
for S - “Advancing ESA 8.

Technology

Exploration Programmes”
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A NEW VERSION OF THE

TECHNOLOGY FOR EXPLORATION ROADMAPS

After 2 years since the first edition of the Exploration Technology
Roadmaps was prepared and issued, an update of the Roadmaps
became necessary:

« To support the role of Technology in the ESA Exploration strategy

 To reflect a realistic situation in terms of funding (the original roadmap was
prepared with the intention to reflect, at least for a time span of 3-4 years, a realistic situation
in terms of funding available for R&D in this field. The first edition of the Roadmaps was
based, among other inputs, on the content of the Programmes as proposed to C-Min 2012 and
therefore the status of the technology actions in the Roadmaps needs to be updated following
the decisions taken at that Ministerial)

« To adapt the Roadmap’s structure to take into account Future
Programmes and Exploration Building Blocks.

Roadmaps extended to 2030
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Roadmaps

Co-ordinated among:
Technical and Quality Management Directorate (DfTEC)
Human Spaceflight and Operation Directorate (DfHSO)
Science and Robotic Exploration Directorate (D/SRE)
Reviewed by European Industry with inputs coordinated by Eurospace
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" ESA internal Process S Roadmaps Reviewed by
! European Industry and

; . : Research

| Roadmaps Reviewed by |

I relevant ESA I

I directorates I

| |

I I

| |

I Exploration I

I Technology I

| Road_maps | > Updated

I Revised | Roadmaps

l Version |

B J |

N e e e e e e e e e e e e e e e e e e = = —— - / ﬁ

Possible
additional
National /
(EV)

Contributions
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END-TO-END TECHNOLOGY PRIORITISATION PROCESS

Roadmaps Update

v

[ Updated Roadmaps ]

[ Exploration Technology J

Critical Assessment

v

Technology Developments
Prioritisation

R&D Workplans’ Preparation
and Implementation

ESA UNCLASSIFIED — Releasable to the Public | slide 11



N e
P il

. . ™ :
Funding Sources For Exploration

Technologies

The technologies presented in the Roadmap and required to engage in an effective Space Exploration
programme will be funded through a number of different sources, coordinated in such a way to guarantee
timely availability for approved missions and minimisation of procurement risks for technologies with long
development time.

GSP/TRP

Technologies only for Exploration or with multi-domain application

GSTP

Technologies only for Exploration or with multi-domain application

Technology development content inside each Programme

Technologies with an application potential also for Exploration
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Technology Roadmap: Overall Structure

The new roadmaps correlate the following elements:

g —

Technology
Application
Areas

g p—

Exloration

Building Technology

Operational

Blocks | Capabities
\ | (Oadmaps \

P

Missions/
Programme
Proposals
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pplicati
Areas

Exloration

Technology
Roadmaps

8. Communication,
Remote Sensing &

Imaging

7. GNC & Sensors

ESA UNCLASSIFIED — Releasable to the Public |

1. Life Support * &
Asset Protection

2. Novel Energy

B SHEURTS & Production & Storage
*

Processes

Each Technology Application Area
includes Technology Subjects
(application oriented),
each one including several
Technology Procurements
that might also be multidisciplinary
in nature (subsystem/major
equipment)

3. Advanced
Propulsion *

4. Automation &
Robotics *

6. Advanced
Structures &
Mechanisms
Applications

5. Thermal, TPS &
Aerothermodynamics
Aspects

slide 14

Priority Areas for Space Council




. - 5
' - ¥ ", s - . .
== . i L L - =
] PP
uie - ==
: -
- 3

THE NEW MISSIONS/PROGRAMMES

LEO Exploitation - permanent station (ISS, post-ISS Station)

LEO Exploitation - Free flyers (e.g. Dragon, Dreamchaser)
/Luna-Resurs-Landa— \

1st MPCV Unmanned Demonstration Mission

2nd MPCV Manned Demonstration Mission

Follow-on MPCV Missions

Lunar Polar Sample Return

Human-robotic Partnership Missions

Extended crew duration missions in cis-lunar space
Human-lunar surface missions

ExoMars 2016

ExoMars 2018

Post ExoMars mission

MSR preparation / MSR elements

Enabling long term technology
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THE OPERATIONAL CAPABILITIES

Exploring Space requires the progressive completion of several
“Incremental Steps” through the achievement of mandatory
“Operational Capabilities” that Europe has to reach alone or in partnership

1. RdV and Docking

2. High Capacity Cargo Transfer

- —J

3. Orbit Insertion and Maintenance

Exloration
Technology

Vdmaps

4. In-orbit Re-fuelling

6pe’ratio 1

nal
apabiti
es

5. Sustainable Human Cruise

6. Nuclear Energy Utilisation

— ——J _J

8. Precision Soft Landing

9. Rob/telerob. Surface Operations

10. Surface Habitability and Ops.

11. ISRU

12. Ascent and Return

[
[
[
[
[
[
[7- Eriry, Deceteration and bescent
[
[
[
[
[
[

—_ T J T

13. Interoperability
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THE BUILDING BLOCKS

Each building block represents an important capability at mission element, system or sub-system level
and integrates a set of ESA’s priority technologies. It represents therefore an area of European industrial

expertise.

Exloration

Technology
Roadmaps

Visual navigation, hazard detection and avoidance;
Sample acquisition, processing and containment system;
Sample return Earth re-entry capsule;

Inter-spacecraft communication systems;

Surface mobility elements;

Advanced Mars landing systems;

Miniaturized avionics;

Planetary protection;

Tele-robotic and autonomous control systems;
Rendezvous with non-cooperative targets and docking
systems;

Storable propulsion modules and equipment;
Habitation systems;

Ground segment elements.

ESA UNCLASSIFIED — Releasable to the Public

Building Blocks

Visual Navigation and Hazard Detection
and Avoidance (VN&HDA)

Lunar Resurs/LPSR

Sampling Acquisition, Processing and
Containment System

Lunar Resurs/LPSR || MREP/ExoMars

Sample Return Earth Re-entry Capsule

Lunar Resurs/LPSR MREP

Inter-spacecraft Communication
System

Lunar Resurs/LPSR || MREP/ExoMars

Surface Mobility Elements

MREP/ExoMars

2020

LunarResurs LPSR

HALSR Mission

2035

Human Lunar Surface Missions: HRLL

Post-ExoMars: MPL

MSR Mission

ExoMars18
LunarResurs

LPSR
HALSR Mission

Human Lunar Surface Missions

Post-ExoMars: Phobos SR

MSR Mission

T .

1 Post-ExoMars: Phobos SR

Log

MSR Mission

ExoMars18
LunarResurs

LPSR
HALSR Mission

Human Lunar Surface Missions

Post-ExoMars: MPL/SFR

't MSR Mission
ExoMars18
*— HALSR Mission
1 Human g.lnarSurface Missions: Mobility Elements

Post-ExoMars: MPL/SFR

o MSR Mission
L

Figure above shows (a detail of) the preparation of this building blocks by the planned missions up to the
2020 timeframe as well as opportunities for evolving these building blocks towards securing applications in
international post 2020 exploration mission scenarios - see Status of ESA's Space Exploration Strategy"

ESA/CWG(2014)

slide 17
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TYPES OF ROADMAPS

The database tools allows to generate different types of roadmaps, tailored to different
use (Delegations, Mission/Programme management, Technology procurement, etc.):

“Standard” Roadmaps

» Technology based Roadmaps

Technology Area
|

v v
Missions / Capabilities / Building blocks

ESA UNCLASSIFIED — Releasable to the Public | slide 18

“Reverse” Roadmaps

Mission /7 Programme

Technology Procurement Actions
|

European Operational Capabilityjl]

Technology Procurement Actions
|

Building Block

Technology Procurement Actions

»Mission based
Roadmaps

»Operational Capability
based Roadmaps

»Building Blocks based
Roadmaps
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HOW TO READ A CHART IN

TECHNOLOGY BASED ROADMAPS (1/72)

“Technology

Applicat

AN N/
Application Area: \ Communications, R Sensing & Imaging
Technology subject: TT&C An:hite:ture Technologies

[T .

Entry Descent
and Landing Technology...

Operational
capabilities

|7. Ertry, Decelerstion and Descent |Earth, targets)

|8 Inker-sporecraft communication systems
13 Ground seqiment eRivEnts

LBty Dlocks
which the
technology is

Missions) prograrminmes

LEQ Expinitad
to LED

LED Esploitation - Fro@ flyers (&5, Dragon, Dramechasar]

(total funding
Lrequired to

2nd Manresd MPCY Manned Demonsiration
Falaw-oi MPLY Misgiane =

Human.robotic Farinership Missi

Missions/prograrmmes
. Extended craw duration misson

beyond LED

Technal,
fumding

t which the
will enable

SOLNCES

=

Usnrs

Missions or users 7015 2016 2017 2018

1ESA direct, |
sthers...|

and/or programme
Directorate and/other)

tside Exploratiot
also important
terrestrial spin-off)

ty or mission
ments in due time

Timeline
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n/
programme proposal
or other major user for
the technology




HOW TO READ A CHART IN

TECHNOLOGY BASED ROADMAPS (2/2)

LECEEICHOOY

ADD tion.  Avonl

7

1 Qr\hnnlng\/ Sl |hJ|Qr‘t i

Description spe

technology (

subsystem or m

eguipment leve
detail

W—
Application Area: N‘Eﬁermal & Aerothermodynamics Aspects

Technology subject: rothermodynamics design tools for entry, descent, landing and take-off

Hypervelocity re-entry (physical modelling, facilities & mes. techniques, multi-domain CFD)

= High temperalure gas dynamic characterization (radiation, gas surface interaction, boundary layer transition, ..}
« Aero-(thermaldynamic data (performances prediction and optimization, measurement technigues, databases. )
= High fidelity multidisciplinary multidomain computational tool (schemes, software and hardware architecture...)

Activities list
ACti\]ities ajr_ - s Official ref  Name Budget (kE) Start TRL End TRL Start date  Duration P

me Reference person

T217-052MF Kinetic shock tube for radiation data base for plane 1000 2.0

/ 6.0 2011-01 36.0 TRP

approved

T217-051MP Ablation radiation coupling o 10 0 2012-01 24.0 TRP

Marraffa, Lionel

T417-018MF Planetary probe standard model testing in high entfafos 2.0 2012-01 24.0 TRP Molina, Rafael Funding programine
T418-304MF Characterisation of high enthalpy facilities and strg 499 20 2013-01 24.0 TRP Marraffa, Lionel

T418-306/30 Ablation and radiation in the presence of light ab sl § 75 1.0 2014-01 36.0 TRP Marraffa, Lionel

T218-004MF Marco Polo Rearth re-entry capsule dynamic st 50 20 2013-01 24.0 TRP Marraffa, Lional

ES1E-003MP ERC dynamic slability via balloon drop tests oo X . = 2013-01 24.0 MREP None

T718-402MF Modelling capsule stability accounting for sha 2.0 4.0 2015-01 8.0 TRP Longa, |ose

TASCO Simulation of reacting flows using discontinuolis G} 60 1.0 3.0 2013-01 240 TAS Marralfa, Lionel

GE14-009MP Aerodynamics of hypervelocity bodies 1000 4.0 6.0 2015-01 36.0 GETP Maolina, Rafael

T118-41MP Assessment of the key aerothermodynamic 3 10 3o 2015-01 240 TRP Longo, |ose
TA17-025MF Development of an innovative validation stfategylo 300 X 5.0 36.0 TRP Giordano, Domenico
T14-MPA-03 Novel methodology for gas-surface interagli i 2.0 kX 36.0 TAS Giordano, Domenico
Cnr 4000 1815implified models for agrothermodynami 30 5.0 240 GSP Molina, Rafael

ATV Sensor ATV re-entry development 350 4.0 7.0 24.0 IS5 Exp. Proi Murray, Neil
T718-309MP Experimental characterization of black- 4.0 7.0 24.0 TRP Murray, Neil
T718-310MF Characterization of the radio transmis: 4.0 10 24.0 TRP Murray, Neil
BOOO16302 Advanced laser diagnostic for the two kX 5.0 120 m Longa, |ose

Ty f i
R CHEN Al TCE T C
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HOW TO READ A CHART IN
MISSIONS BASED ROADMAPS

Technol. funding sources.
Mission/prog: Post ExoMars mission (1/6) ‘ e ﬁsr-_rrnp

- Post ExoMars mission L]

approvi M
CaC: M
approved: 0.5 M
CaC: 20M
approved: 2,3 M
CaC: 10M
approved: 0.4 M
CaC: 3M
approved: 5.8 M
CaC: 20M
approved; M
CaC: B

approved: 0.8 M
CaC: 12zM

ExoCube: Infrared
Spectroscopy fol
Particulate Manital

Directorate and/other)

Che rob.
Safety (MIDASS)
S

Technologies linked
to the Mission or

Near Real Time

VLBI tracking of assets
Solar cell

efficiency (conservative...
European radioisotope
production facility

Bedicated|programme)

; . - |
| caC: 12M |
P L O S PP N ey ey s (D) i e e e L L e e ead Cost at completion
High speclfic energy Li - 1 : . : : | : : : E : : : | [ - coroved: O i
\ol?cellp?> ZSOWh%:g) : P . : : : H : . (tOFaI fundlng
L., E : O SONOR. WU .. ... : } i regtiired to reach

approved: 0.6 M TRIL8
CaC: 2M .

E : : | approved: 8.2 M

5 5 : | CaC: 10M

2chnologies linke
o the the Mission or
programme

1.1 KN Bi-prop.

2013 2014 J015 2016 2017 2018 2019 2020 2021 2022 2033 2024 2025 2026 2037 2028 2029
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HOW TO READ A CHART IN
OPERATIONAL CAPABILITIES BASED ROADMAPRS

Operational Technol. funding sources.
e Precision Soft Landing (with Hazard Avoidance) (1/4) ot u:sP_rmp
capability: i
18, Precision Soft Landgng (with Hazard Avoidance) @ T L ]

[E B I
TRLI) 3 = - [TRLS) TALS

Particulate Monitaring apaptuved: 23 M

Solar cell

approved: 5.8 M
efficiency (conservative... CaC: 20M

)
o
=
&
=

Directorate a

approved
C:

. : DOM
220 N Bi-prop. M

Technologies linked
to the operational
' capability

High Performance

approved: 0.7 M
Propulsion System aC: M

3kN Throttleable descent

approved: 0.7 M
engine for Mars landing CaC: 12mM

kN Bi-propelitant

approved: 0.4 M
engine (throttleable) ac:

S5kN Bipropellant
Engine (fixed...

approved: 0.0 M
CaC: 20M

o, )
[s) In)
@ =
S o
=

Avionics architecture

approved:
for adaptive applications CaC:

M
M

Heat Storage
& Generation

approved: 0.3 M
CaC:

)
-
=

st at comipletion
(total funding
equired to reach
approved: %?"M TRLB

TPS/HS for atmospheric

approved: 1.2 M
entry - medium entry... CaC:

am

Advanced & Smart
Heatshleld and 5 CaC:

nnologies linked
to the operational py————
capability facllities for TPS...

approved: 0.7 M
aC: zZM

I
[2]
)

2015 2016 G 2018 2019

ESA UNCLASSIFIED — Releasable to the Public | slide 22 European Space Agency



HOW TO READ A CHART IN
BUILDING BLOCKS BASED ROADMAPS

Building block:  Advanced landing technologies for Mars (1/3)

Colour
legend

‘ Technol. funding sources.

110. Advanced Iandingétechnologles for Marﬁi

{TRL3] i
i T

Particulate Manitorir

Salar cell
effi cy (Cconserval

3kN Throttleable descent
engine for Mars landing

Technologies linked
to the Building Block

High

Avionics architecture
for adaptive applications

Fault Tolerant syste
Thermal Insulations &
Heat Control Management
Heat Storage

& Generation

TPS/HS for atmosphe
entry - medium ent;

Advanced & Smart
Heatshield and TPS.

hnologies linked
to the Building Block

J018"
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approved; 2.3 M
CaC: oM
approved: 5.8 M
CaC: 20M
approved: 0.7 M
CaC: zZM
approved: 51 M
CaC: oM
approved: 5.6 M
Cac: 5M
approved: 0.0 M
cac: s

approved: 3.4 M
cac: 6 M
approved: 0.3 M
CaC: 4

1LZz2M

2022 2023

Directorate and/other)

Cost at completion
(total funding
required to reach
e e




BUILDING BLOCKS FOR MOON MISS1ONS
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THE BUILDING BLOCKS FOR MOON MISSIONS

Visual navigation, hazard detection and avoidance;

Surface mobility elements;

Tele-robotic and autonomous control systems;

Storable propulsion modules and equipment;

Habitation systems;

O 0 0O 0O 0O o o o o o o o o
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VISUAL NAVIGATION, HAZARD DETECTION AND ~
&
AVOIDANCE

Technol. funding sources.
Building block:  Visual navigation, hazard detection and avoidance (1/3) &+ Gspmap

17, Wisual navigation, hazard detection and ayoidance © @ ¢ @ |- T @
| ! | |
| Il
f T T
|

|
! ] g g I : ' ' ' :
| TRL3 . . ! =S TRLE

— T T —

g-!
'?i

£
2
-

S
=

Avionics architecture
for adaptive applications

g
2
i
zo

g

g-!
i

8%
2

$
i

B M
6M

GNC for re-fuelling ’

[

g

g-!
i

Image processing

7
i

and pose estimation

1
L

GNC for manned missions [

g-!
i

g-!
i

Control of large vehicles [l

Advanced FDIR

g-!
i

g-!
i

TR0 0182019 GE0Z0 T R02YT 20227 02y
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VISUAL NA'\‘/IGATION, HAZARD DETECTION AND

AVOIDANCE

Building block:  Visual navigation, hazard detection and avoidance (2/3

17 Visual navigation, hazard detection and avoldance e e I.
. . : H : | . | :

[ T : . : TR
' . ' ey

GNC verification
& validation facilities

Miniaturized imaging lidar
technalogy for precision...

SR i 7 SRR~ 11 ) £ S B0 N 145 - R
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VISUAL NA'\'/IGATIE)N, HAZARD DETECTION AND
AVOIDANCE

Technol. funding sources.
Building block:  Visual navigation, hazard detection and avoidance (3/3) |#+ Gspmw

1 7. Visual navigation, hazard detection and avoldance I. @
| i i i i f i
g g |
|
T

: TRL2

1

e

1

zo

1

&,
T

7e
H

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
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Technol. funding sources.

Surface mobility elements (1/2)

B Building block:

EATACL] oo

2673

5013
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TELEROBOTICS AND AUTONOMOUS CONTROL

SYSTEMS

Building block:  Tele-robotic and autonomous control systems (1/2)

1 Tele-robotic and au}.onm?ms control sys‘fms L

I
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TELEROBOTICS AND AUTONOMOUS CONTROL

SYSTEMS

Building block: Tele-robotic and autonomous control systems (2/2) legengf] CSPTRP

1 Tele-robotic and a@ommow control syst;ems E L l L] |. [
! ! ! | I | I
f f T

[Human: '--"l Inframst ruc utre)in) ME]

g-!
i

GNC for re-fuelling

Image processing
and pose estimation

g-!
i

anned missions

$
i
we

8

£
2
s
z

Control of large vehicles

g

Advanced FDIR
and health monitoring

%
2

GNC verificat

g-!
i

g-!
!

7
i

g
2
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g

2
2
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g
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SW Engineering

EZE Verification of :
Highly adaptive Systems i
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Technaol. funding sources.

Storable propulsion modules and equipment (1/2)

Building block:

'3, Storable propulsion: modules and equip

5
]

of propulsion piping...
Fluid pump for
coolant loops of craw...

3D printing
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EQUIPMENT

Building block:  Storable propulsion modules and equipment (2/2)

13. Storable propulsion: modules and equipment e o
' ' ' | '
| TRLZ . . A THLS . . . . . : {TRLE
: : M5 ROLPER
f f | f 1 f f :
BMI resins, ather... L F, AS M
Fa RS

Advanced FDIR
and health monitoring
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HABITATION SYSTEMS

n Building block:  Habitation systems (1/4)

14. Habitation systerms:
THLL :

Health related tools
- Assistive Technologies...
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HABITATION SYSTEMS

n Building block:  Habitation systems (2/4) GSP(TRP
GSTP
;4.Habltatlonsystem95 j j 7 .ll. j I. T T . T j . .
\_[TAL) : : (TS R P 1

Health related tools

£
&
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Health related tools
- Mon-Invasive Imaging...

Health related tools

-
g

=
:

TALE .i. - [ - - |
P ’ ’ B . proved: 0.6 M
Radiation Manitoring » | CaC: 0M
@) B T L] SETSPEP A N S —
Radiation 1 f 5 approved: 1.0M
Countermeasures C : Cac: oM
¢ ' & 1 SEIOREEREE - - sefpocaammanao]
| | H oved: 23 M
Particulate Monitoring R , ; S proved: T
e e 1 [ AR Pt :
Materials ¢ atibil | B H ] oved: 0.5 M
with speu:lil?:ﬂl|p i i ! &M
- : TS - = scomsmes
Corrasion (prevention, H H approved: 0.8 M
Maonitaring, maintenance) Y : CacC: am
Material Management ] . 03 M
and recycling . : : : 15M
- PO [LCTT) R L - J
Flexible Antennas : approved
for Habitats | f H 1 H 1 CaC:
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HABITATION SYSTEMS

n Building block:  Habitation systems (3/4) legenal] G

'4. Habitation systems: : : I- @ :
! ! ! ! vl !

THRL3 . . THLS

i T e -
Textile antennas : A
for astronaut monitaring :

Regenerative (High
Temperature PEM) fuel...
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HABITATION SYSTEMS

n Building block:  Habitation systems (4/4) GSP/TRP

'4. Habitation systems; i : : . ; ; @

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
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IMPROVING THE
TECHNOLOGY ROADMAPS FOR EXPLORATION
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CRITICAL ASSESSMENT AND

IMPROVED USE OF TECHNOLOGY ROADMAPS

(WITH POLITECNICO OF TURIN)

Applicability analysis

=TT T~q - Building Blocks

- - ~ \
- N |
- < M 2 |
- o |
A \ @
r Mission Building \ _§
1} Concepts Blocks O
N g
1 1
\ S ~
/
\ o - Operational Capabilities
~ i Beyond

Initial Roadmap

Indications
Sy
: |

./. 7/
A !
/- N
Applicable & !
1
: :

’ |

- Mission Concepts '

4
i
1
,.
./.

Technology
Areas

Technologies

Main purposes:

o Prioritisation of Technologies and Mission
Concepts (including test and demos);

o New Path to TRL increase proposed for all
the technologies involved.

Technologies
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EXAMPLE
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Building Bloc|

INPUTS (Building Blocks):

Tele-robotic and autonomous
control systems;
Storable propulsion modules
and equipment.

Required

Technologies

Applicable

90 applicable and
40 required
Technologies

(o]

Required

Technologies

Applicable

11 applicable and
required
Operational
Capabilities

Required

Technologies

Applicable

25 applicable and
required Mission
Concepts and
activities
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1.
2.
3.

OUTPUTS: N
R R R R ~
Only 8 Mission Concepts (including tests and demos) S
H 2
are selected for TRL increase purposes: g
Q
Theoretical principles formulation (TRL 2), 3 techs; §
. . Slwn
Analytical proof (TRL 3), 37 technologies; g3
. . 310
Lab. components/breadboard validation (4), 100 § g
w
. ol
tec h ? Theoretical principles formulation
Components/breadboard Analytical proof
A A £ |Experimental proof
valid. n not controlled |& Laboratory components/breadboard validation
R R Components/breadboard valid. in not controlled env
environ. (TRL 5) 1 1 14 teCh ] Sys./subs. prototype demo. in not controlled environ|
Components/breadboard validation
SyS -/subs. p rOtOtype System/subsystem prototype demonstration
demo_ in not Contro”ed Complete system flight qualification 717
i LEO Exploitation - permanent station (ISS, post-ISS S
environ. (TRL 6) , 129 teCh ; g 1st MPCV Unmanned Demonstration Mission
| t t ﬂ ht 2nd Manned MPCV Manned Demonstration Mission
CO m p ete SyS em |g LEO Exploitation - Free flyers (e.q. Dragon, Dreamchaj
I. f - Follow-on MPCV Missions
qua Ification (7) and Orbital element launch 919
Orbital element launch or | [neResourslander 818
Lunar Polar Sample Return
Luna-Resours-Lan d er (8 § Extended crew duration missions in cis-lunar space
i S |Human-lunar surface missions
and 9), 130 technologies. Human-robotic Partnership Missions
Human Assisted Sample Return

3 lechnologies

and Mission

Concepts prioritisation

TRL increase path proposed for all the
technologies involved
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