
SPARC
The$Partnership$for$
Robo1cs$in$Europe

Str
ate

gic
 ꀀ

Res
ear

ch ꀀ

Ag
end

a

For
 ꀀRo

bo3
cs ꀀi

n ꀀE
uro

pe

201
4괠㴀2

020

SPARC
The$Partnership$for$
Robo1cs$in$Europe

Str
ate

gic
 ꀀ

Res
ear

ch ꀀ

Ag
end

a

For
 ꀀRo

bo3
cs ꀀi

n ꀀE
uro

pe

201
4괠㴀2

020



SPARC
The$Partnership$for$
Robo1cs$in$Europe

Str
ate

gic
 ꀀ

Res
ear

ch ꀀ

Ag
end

a

For
 ꀀRo

bo3
cs ꀀi

n ꀀE
uro

pe

201
4괠㴀2

020
© ꀀeuRobo(cs ꀀaisbl ꀀ2013 ꀀ& ꀀ2014 ꀀAll ꀀRights ꀀReserved.

This document and other supporting documents can be obtained from:
http://www.eurobotics-project.eu

The euRobotics Coordination Action started on January 1, 2010 and was funded by 
the European Commission within the 7th Framework Programme, Challenge 2: Cog-
nitive Systems, Interaction, Robotics (FP7-ICT-244852) until December 31, 2012.

The RockEU Coordination Action started in January 2013 and is funded by the Ruro-
pean Commission within the 7th Framework Programme Grant Agreement Number 
611247.

Document prepared by iTechnic Ltd and RUR Ltd under contract to euRobotics.

#

RURobot s
Cognitive Science at Work

All images in this document are © Shutterstock Inc. iTechnic Ltd has the right to use 
these images under the terms of the Limited License available here
http://www.shutterstock.com/licensing.mhtml
You do not have the right to reuse these images in your own work unless you also 
have a Shutterstock licence.

Acknowledgements



SPARC
The$Partnership$for$
Robo1cs$in$Europe

Str
ate

gic
 ꀀ

Res
ear

ch ꀀ

Ag
end

a

For
 ꀀRo

bo3
cs ꀀi

n ꀀE
uro

pe

201
4괠㴀2

020

Who ꀀshould ꀀread ꀀthe ꀀSRA?
If ꀀyou ꀀare ꀀa ꀀpolicy ꀀmaker, ꀀinvestor, ꀀor ꀀentrepreneur ꀀtrying ꀀto ꀀun괠㴀
derstand ꀀthe ꀀrobo:cs ꀀmarket ꀀin ꀀEurope ꀀyou ꀀshould ꀀread ꀀthis ꀀ
document. ꀀIt ꀀwill ꀀgive ꀀyou ꀀan ꀀoverview ꀀof ꀀthe ꀀstatus ꀀand ꀀpoten괠㴀
:al ꀀof ꀀrobo:cs.

Depending ꀀon ꀀyour ꀀinterests ꀀsome ꀀparts ꀀof ꀀthe ꀀcompanion ꀀdocu괠㴀
ment the ꀀMulti-Annual Roadmap (MAR) , ꀀpar:cularly ꀀthose ꀀre괠㴀
la:ng ꀀto ꀀinnova:on ꀀand ꀀproducts, ꀀmay ꀀprovide ꀀa ꀀdeeper ꀀinsight.

If ꀀyou ꀀare ꀀan ꀀinnovator, ꀀtechnologist ꀀor ꀀresearcher ꀀyou ꀀmay ꀀfind ꀀ
the ꀀdetail ꀀyou ꀀare ꀀlooking ꀀfor ꀀin ꀀthe ꀀMAR document, ꀀand ꀀa ꀀ
higher ꀀlevel ꀀoverview ꀀof ꀀrobo:cs ꀀin ꀀEurope ꀀin ꀀthis ꀀdocument. ꀀ

An ꀀoverview ꀀof ꀀthe ꀀcontent ꀀof ꀀthe ꀀSRA
This ꀀdocument ꀀprovides ꀀa ꀀhigh ꀀlevel ꀀstrategic ꀀoverview ꀀfor ꀀthe ꀀ
robo:cs ꀀcommunity. ꀀIt ꀀis ꀀalso ꀀintended ꀀto ꀀact ꀀas ꀀan ꀀintroduc:on ꀀ
to ꀀthe ꀀEuropean ꀀrobo:cs ꀀcommunity ꀀfor ꀀnon괠㴀robo:c ꀀspecialists, ꀀ
policy ꀀmakers, ꀀentrepreneurs ꀀand ꀀindustries ꀀintending ꀀto ꀀuse ꀀor ꀀ
work ꀀwithin ꀀthe ꀀrobo:cs ꀀmarket.

Its ꀀcompanion ꀀdocument ꀀMulti-Annual Roadmap ꀀis ꀀa ꀀmore ꀀde괠㴀
tailed ꀀtechnical ꀀguide ꀀiden:fying ꀀexpected ꀀprogress ꀀwithin ꀀthe ꀀ
community ꀀand ꀀproviding ꀀa ꀀdetailed ꀀanalysis ꀀof ꀀmedium ꀀterm ꀀ
research ꀀand ꀀinnova:on ꀀgoals.

This ꀀSRA ꀀdocument ꀀhas ꀀbeen ꀀupdated ꀀfrom ꀀthe ꀀSRA ꀀ2009 ꀀdocu괠㴀
ment ꀀto ꀀreflect ꀀthe ꀀfollowing ꀀfactors:

• Feedback ꀀand ꀀcommentary ꀀon ꀀthe ꀀcontent ꀀof ꀀSRA ꀀ2009.

• The ꀀneed ꀀto ꀀset ꀀresearch ꀀpriori:es.

• The ꀀintroduc:on ꀀof ꀀSPARC ꀀand ꀀits ꀀeffect ꀀon ꀀthe ꀀgoals ꀀof ꀀthe
SRA.

• The ꀀchanges ꀀintroduced ꀀin ꀀHorizon ꀀ2020.

• The ꀀneed ꀀto ꀀbroaden ꀀthe ꀀapplicability ꀀof ꀀthe ꀀSRA ꀀto ꀀnon괠㴀
robo:cs ꀀorganisa:ons.
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The ꀀadvent ꀀof ꀀHorizon ꀀ2020 ꀀand ꀀthe ꀀcrea:on ꀀof ꀀSPARC ꀀ
the ꀀrobo:cs ꀀPublic ꀀPrivate ꀀPartnership ꀀ(PPP) ꀀbetween ꀀ
the ꀀEuropean ꀀCommission ꀀand ꀀthe ꀀrobo:cs ꀀcommunity, ꀀ
represented ꀀby ꀀeuRobo:cs ꀀaisbl, ꀀprovide ꀀan ꀀopportunity ꀀ
to ꀀreassess ꀀthe ꀀStrategic ꀀResearch ꀀAgenda ꀀ(SRA) ꀀpub괠㴀
lished ꀀin ꀀ2009. ꀀThis ꀀSRA ꀀreflects ꀀthese ꀀdevelopments, ꀀ
the ꀀunderlying ꀀchanges ꀀin ꀀthe ꀀmarket, ꀀtechnical ꀀadvances ꀀ
and ꀀthe ꀀincreased ꀀawareness ꀀof ꀀthe ꀀpoten:al ꀀoffered ꀀby ꀀ
Robo:cs ꀀTechnology.

The ꀀcrea:on ꀀof ꀀSPARC ꀀchanges ꀀthe ꀀmechanisms ꀀfor ꀀim괠㴀
plemen:ng ꀀstrategy ꀀand ꀀfor ꀀseSng ꀀresearch ꀀpriori:es. ꀀ
The ꀀEuropean ꀀCommission ꀀand ꀀeuRobo:cs ꀀaisbl ꀀmem괠㴀
bers ꀀhave ꀀjoint ꀀresponsibility ꀀfor ꀀseSng ꀀand ꀀpriori:sing ꀀ
R&D&I ꀀgoals. ꀀThe ꀀshiV ꀀin ꀀemphasis ꀀin ꀀHorizon ꀀ2020 ꀀ
closer ꀀto ꀀmarket ꀀled ꀀac:vi:es ꀀand ꀀthe ꀀestablishment ꀀof ꀀ
instruments ꀀto ꀀsupport ꀀthis ꀀmust ꀀbe ꀀreflected ꀀin ꀀthe ꀀstra괠㴀
tegic ꀀemphasis ꀀof ꀀthe ꀀrobo:cs ꀀcommunity.

The ꀀAcademic ꀀand ꀀIndustrial ꀀcommuni:es ꀀhave ꀀaligned ꀀ
their ꀀvisions ꀀand ꀀthis ꀀdocument, ꀀtogether ꀀwith ꀀits ꀀcom괠㴀
panion ꀀthe ꀀMul:괠㴀Annual ꀀRoadmap, ꀀrepresent ꀀa ꀀjoint ꀀover괠㴀
view ꀀof ꀀthe ꀀdirec:on ꀀrobo:cs ꀀmust ꀀtake ꀀin ꀀthe ꀀcoming ꀀ
decade.

The ꀀblurring ꀀof ꀀtradi:onal ꀀsector ꀀdis:nc:ons ꀀand ꀀthe ꀀ
crea:on ꀀof ꀀnew ꀀtechnologies ꀀwill ꀀalter ꀀthe ꀀshape ꀀof ꀀthe ꀀ

3SPARC: Section 1

Execu&ve ꀀSummary

Robo$cs ꀀ Technology ꀀ will ꀀ become ꀀ dominant ꀀ in ꀀ
the ꀀcoming ꀀdecade. ꀀIt ꀀwill ꀀinfluence ꀀevery ꀀaspect ꀀ
of ꀀwork ꀀand ꀀhome. ꀀRobo$cs ꀀhas ꀀthe ꀀpoten$al ꀀto ꀀ
transform ꀀ lives ꀀ and ꀀ work ꀀ prac$ces, ꀀ raise ꀀ
efficiency ꀀ and ꀀ safety ꀀ levels, ꀀ provide ꀀ enhanced ꀀ
levels ꀀ of ꀀ service ꀀ and ꀀ create ꀀ jobs. ꀀ Its ꀀ impact ꀀwill ꀀ
grow ꀀ over ꀀ $me ꀀ as ꀀwill ꀀ the ꀀ interac$on ꀀ between ꀀ
robots ꀀand ꀀpeople.
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market, ꀀit ꀀis ꀀimportant ꀀthat ꀀthe ꀀcommunity ꀀembraces ꀀthese ꀀ
changes ꀀand ꀀis ꀀready ꀀto ꀀrise ꀀto ꀀthe ꀀchallenge. ꀀTechnologies ꀀtradi괠㴀
:onally ꀀassociated ꀀwith ꀀthe ꀀservice ꀀrobo:cs ꀀsector ꀀwill ꀀmigrate ꀀ
into ꀀindustrial ꀀautoma:on ꀀyielding ꀀsmarter ꀀrobots ꀀand ꀀopen ꀀup ꀀ
new ꀀmarkets. ꀀThe ꀀmaturing ꀀof ꀀnaviga:on, ꀀlocalisa:on, ꀀsensing ꀀ
and ꀀmo:on ꀀcontrol ꀀtechnologies ꀀwill ꀀenable ꀀeconomically ꀀviable ꀀ
service ꀀapplica:ons. ꀀBoth ꀀof ꀀthese ꀀtrends ꀀwill ꀀdemonstrate ꀀthe ꀀ
impact ꀀof ꀀrobo:cs ꀀtechnology ꀀand ꀀthe ꀀimportance ꀀof ꀀinvest괠㴀
ment, ꀀboth ꀀfinancial ꀀand ꀀintellectual.

In ꀀorder ꀀto ꀀsustain ꀀgrowth, ꀀinvestment ꀀin ꀀappropriate ꀀand ꀀtar괠㴀
geted ꀀresearch ꀀis ꀀessen:al. ꀀThis ꀀmust ꀀbe ꀀfocused ꀀon ꀀEuropean ꀀ
need ꀀand ꀀtargeted ꀀwhere ꀀthe ꀀimpact ꀀwill ꀀbe ꀀgreatest. ꀀInvestment ꀀ
must ꀀfocus ꀀon ꀀachieving ꀀstep ꀀchanges ꀀin ꀀperformance ꀀin ꀀkey ꀀ
technology ꀀareas ꀀsuch ꀀas ꀀMechatronics, ꀀHuman ꀀRobot ꀀ
Interac:on, ꀀSystems ꀀDevelopment ꀀand ꀀCogni:on.

Europe ꀀmust ꀀface ꀀthe ꀀchallenge ꀀof ꀀgrowing ꀀan ꀀinnova:on ꀀbased ꀀ
community ꀀwhere ꀀSMEs ꀀand ꀀglobal ꀀcompanies ꀀcan ꀀwork ꀀto괠㴀
gether ꀀto ꀀinnovate, ꀀproducing ꀀrobo:c ꀀtechnology ꀀto ꀀbe ꀀsold ꀀon ꀀa ꀀ
global ꀀscale. ꀀAchieving ꀀopen ꀀinnova:on ꀀand ꀀcrea:ng ꀀa ꀀstrong ꀀ
component ꀀmarket ꀀplace ꀀare ꀀimportant ꀀstrategic ꀀobjec:ves.

The ꀀproduct ꀀvisions ꀀset ꀀout ꀀhere ꀀare ꀀa ꀀsmall ꀀsample ꀀof ꀀwhat ꀀ
might ꀀbe ꀀachieved ꀀwith ꀀrobo:cs ꀀtechnology. ꀀThe ꀀcompanion ꀀ
Mul:괠㴀Annual ꀀRoadmap ꀀdocument ꀀprovides ꀀgreater ꀀdetail ꀀand ꀀ
range ꀀin ꀀpresen:ng ꀀvisions ꀀand ꀀthe ꀀtechnologies ꀀneeded ꀀto ꀀ
achieve ꀀthem.

Markets ꀀwill ꀀencounter ꀀnon괠㴀technical ꀀbarriers ꀀto ꀀdeployment ꀀ
and ꀀgrowth, ꀀthese ꀀmust ꀀbe ꀀaddressed ꀀwith ꀀthe ꀀsame ꀀdetermina괠㴀
:on ꀀas ꀀthe ꀀtechnical ꀀhurdles. ꀀThe ꀀEuropean ꀀstrategy ꀀfor ꀀrobo:cs ꀀ

should ꀀalign ꀀwith ꀀthe ꀀmajor ꀀsocietal ꀀchallenges ꀀiden:fied ꀀin ꀀHori괠㴀
zon ꀀ2020 ꀀand ꀀtarget ꀀthe ꀀeconomic ꀀdevelopment ꀀthat ꀀthe ꀀEuro괠㴀
pean ꀀcommunity ꀀneeds. ꀀIt ꀀmust ꀀseek ꀀna:onal ꀀalignment ꀀand ꀀbe괠㴀
come ꀀa ꀀkey ꀀpart ꀀof ꀀwhat ꀀHorizon ꀀ2020 ꀀdelivers.

Robo:cs ꀀhas ꀀthe ꀀpoten:al ꀀto ꀀplay ꀀa ꀀpart ꀀin ꀀthe ꀀsolu:on ꀀof ꀀwider ꀀ
societal ꀀobjec:ves ꀀand ꀀchallenges. ꀀAlthough ꀀrobo:cs ꀀalone ꀀcan괠㴀
not ꀀsolve ꀀthese ꀀproblems ꀀit ꀀcan ꀀbecome ꀀa ꀀsignificant ꀀelement ꀀin ꀀ
a ꀀsolu:on ꀀto ꀀthe ꀀproblems ꀀposed ꀀby; ꀀan ꀀageing ꀀpopula:on; ꀀthe ꀀ
need ꀀto ꀀbring ꀀmanufacturing ꀀback ꀀto ꀀEurope; ꀀthe ꀀmaintenance ꀀ
of ꀀour ꀀhistoric ꀀinfrastructure; ꀀmaking ꀀour ꀀtransport ꀀsystems ꀀ
more ꀀefficient. ꀀWhile ꀀnone ꀀof ꀀthese ꀀmajor ꀀlong ꀀterm ꀀchallenges ꀀ
will ꀀbe ꀀsolved ꀀwithin ꀀthe ꀀ:meframe ꀀof ꀀthis ꀀdocument ꀀit ꀀpoints ꀀto ꀀ
the ꀀimportance ꀀof ꀀinves:ng ꀀin ꀀresearch ꀀand ꀀinnova:on ꀀnow ꀀto ꀀ
create ꀀa ꀀpoten:al ꀀfuture ꀀbenefit.

The ꀀstrategy ꀀpresented ꀀin ꀀthis ꀀdocument ꀀpromotes ꀀcollabora:on ꀀ
between ꀀpartners ꀀin ꀀthe ꀀwider ꀀEuropean ꀀrobo:cs ꀀcommunity, ꀀ
the ꀀs:mula:on ꀀof ꀀinvestment ꀀand ꀀthe ꀀcrea:on ꀀof ꀀan ꀀinnova:on ꀀ
climate, ꀀall ꀀof ꀀwhich ꀀare ꀀcri:cal ꀀto ꀀensuring ꀀthat ꀀadvances ꀀin ꀀtech괠㴀
nology ꀀare ꀀbrought ꀀto ꀀmarket ꀀin ꀀ:me ꀀto ꀀincrease ꀀEuropean ꀀcom괠㴀
pe::veness ꀀand ꀀestablish ꀀEurope ꀀas ꀀa ꀀglobal ꀀsupplier ꀀin ꀀkey ꀀro괠㴀
bo:c ꀀmarkets.

Executive Summary 4
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SPARC ꀀVision
What ꀀcan ꀀbe ꀀachieved? ꀀAn ꀀoutline ꀀof ꀀthe ꀀ
Robo4cs ꀀVision.

SRA ꀀAims
An ꀀoverview ꀀof ꀀthe ꀀobjec4ves ꀀof ꀀthe ꀀStrate괠㴀
gic ꀀResearch ꀀAgenda.

The ꀀrole ꀀof ꀀSPARC
The ꀀrole ꀀand ꀀfunc4on ꀀof ꀀSPARC. ꀀIts ꀀstake괠㴀
holders, ꀀits ꀀfunc4on ꀀand ꀀopportunity.

Commitment ꀀto ꀀSPARC
The ꀀcommitment ꀀmade ꀀby ꀀmembers ꀀto ꀀ
SPARC. ꀀIllustra4ng ꀀits ꀀimportance ꀀin ꀀcreat괠㴀
ing ꀀa ꀀcohesive ꀀcommunity. ꀀ
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The ꀀtechnology ꀀto ꀀachieve ꀀthese ꀀbenefits ꀀis ꀀbeing ꀀdevel괠㴀
oped ꀀnow. ꀀEurope ꀀis ꀀin ꀀa ꀀstrong ꀀposi:on ꀀand ꀀneeds ꀀto ꀀ
capitalise ꀀand ꀀinvest, ꀀboth ꀀintellectually ꀀand ꀀfinancially, ꀀin ꀀ
order ꀀto ꀀreap ꀀthe ꀀlong ꀀterm ꀀbenefit. ꀀThis ꀀStrategic ꀀ
Research ꀀAgenda ꀀsets ꀀout ꀀa ꀀstrategy ꀀbacked ꀀby ꀀindustry ꀀ
and ꀀacademia ꀀto ꀀachieve ꀀthese ꀀgaols.

The ꀀbroad ꀀimpact ꀀof ꀀrobo:cs ꀀis ꀀsuch ꀀthat ꀀthis ꀀagenda ꀀcan괠㴀
not ꀀsimply ꀀconcentrate ꀀon ꀀresearch ꀀalone. ꀀIt ꀀmust ꀀset ꀀa ꀀ
path ꀀthat ꀀconsiders ꀀthe ꀀwider ꀀimpact ꀀof ꀀrobo:cs, ꀀdetails ꀀ
the ꀀnecessary ꀀinfrastructural ꀀdevelopment, ꀀsupports ꀀinno괠㴀
va:on ꀀand ꀀcreates ꀀthe ꀀstructures ꀀfor ꀀsector ꀀgrowth ꀀand ꀀ
collabora:on. ꀀBoth ꀀthe ꀀacademic ꀀand ꀀindustrial ꀀcommu괠㴀
nity, ꀀin ꀀconjunc:on ꀀwith ꀀthe ꀀEuropean ꀀCommission, ꀀrec괠㴀
ognise ꀀthat ꀀEurope's ꀀadvantage ꀀcan ꀀonly ꀀbe ꀀexploited ꀀby ꀀ
:mely, ꀀappropriate ꀀand ꀀcollabora:ve ꀀac:on.

There ꀀhave ꀀbeen ꀀsignificant ꀀdevelopments ꀀin ꀀboth ꀀthe ꀀ
global ꀀcontext ꀀand ꀀthe ꀀrobo:cs ꀀmarket ꀀin ꀀrecent ꀀyears. ꀀ
There ꀀhave ꀀbeen ꀀkey ꀀtechnical ꀀadvances ꀀand, ꀀcri:cally, ꀀ
the ꀀpublic ꀀhas ꀀbecome ꀀmore ꀀaware ꀀof ꀀrobo:cs. ꀀAll ꀀof ꀀ
these ꀀfactors ꀀguide ꀀthe ꀀfocus ꀀof ꀀthe ꀀSRA ꀀand ꀀthe ꀀobjec괠㴀
:ves ꀀof ꀀthe ꀀrobo:cs ꀀcommunity.

Robo:cs ꀀhas ꀀa ꀀsignificant ꀀrole ꀀto ꀀplay ꀀin ꀀthe ꀀcrea:on ꀀof ꀀ
jobs ꀀand ꀀthe ꀀs:mula:on ꀀof ꀀthe ꀀEuropean ꀀeconomy. ꀀBy ꀀ
lowering ꀀproduc:on ꀀcosts ꀀand ꀀincreasing ꀀthe ꀀefficiency ꀀ

6Introduction: Section 1

SPARC ꀀVision

Robo$cs ꀀ Technology ꀀ will ꀀ become ꀀ dominant ꀀ in ꀀ
the ꀀcoming ꀀdecade. ꀀIt ꀀwill ꀀinfluence ꀀevery ꀀaspect ꀀ
of ꀀwork ꀀand ꀀhome. ꀀRobo$cs ꀀhas ꀀthe ꀀpoten$al ꀀto ꀀ
transform ꀀ lives ꀀ and ꀀ work ꀀ prac$ces, ꀀ raise ꀀ
efficiency ꀀ and ꀀ safety ꀀ levels, ꀀ provide ꀀ enhanced ꀀ
levels ꀀ of ꀀ service ꀀ and ꀀ create ꀀ jobs. ꀀ Its ꀀ impact ꀀwill ꀀ
grow ꀀ over ꀀ $me ꀀ as ꀀwill ꀀ the ꀀ interac$on ꀀ between ꀀ
robots ꀀand ꀀpeople.
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of ꀀmanufacturing ꀀrobots ꀀit ꀀcan ꀀbecome ꀀmore ꀀprofitable ꀀto ꀀpro괠㴀
duce ꀀgoods ꀀwithin ꀀEurope. ꀀThe ꀀpressing ꀀneed ꀀto ꀀaddress ꀀstrate괠㴀
gic ꀀlong괠㴀term ꀀsocietal ꀀissues ꀀprovides ꀀa ꀀreal ꀀopportunity ꀀto ꀀex괠㴀
ploit ꀀrobo:c ꀀtechnology ꀀin ꀀkey ꀀareas ꀀsuch ꀀas ꀀhealthcare ꀀand ꀀ
demographic ꀀchange, ꀀfood ꀀsecurity ꀀand ꀀsustainable ꀀagriculture, ꀀ
smart ꀀand ꀀintegrated ꀀtransport ꀀand ꀀsecure ꀀsocie:es.

Europe ꀀhas ꀀa ꀀstrong ꀀresearch ꀀbase ꀀand ꀀindustrial ꀀinfrastructure ꀀ
from ꀀwhich ꀀit ꀀcan ꀀinnovate ꀀto ꀀexploit ꀀthis ꀀfast ꀀchanging ꀀland괠㴀
scape. ꀀIn ꀀorder ꀀto ꀀensure ꀀthat ꀀEurope ꀀcaptures ꀀthis ꀀnew ꀀmarket ꀀ
it ꀀmust:

• Develop ꀀprogressive ꀀtechnology, ꀀahead ꀀof ꀀthe ꀀwave.

• Exploit ꀀemergent ꀀrobo:cs ꀀmarkets.

• Engage ꀀand ꀀembrace ꀀdisrup:ve ꀀrobo:cs ꀀtechnologies ꀀand ꀀ
systems ꀀwhich ꀀredefine ꀀthe ꀀeconomics ꀀof ꀀapplica:ons.

• Ins:l ꀀincreasing ꀀawareness ꀀin ꀀSociety ꀀof ꀀthe ꀀpoten:al ꀀfor ꀀro괠㴀
bo:c ꀀsystems.

SPARC Vision 7
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The ꀀSRA ꀀdetails ꀀ the ꀀ strategic ꀀobjec:ves ꀀof ꀀ the ꀀ robo:cs ꀀ
community ꀀ and ꀀprovides ꀀ a ꀀ focus ꀀ for ꀀ the ꀀ aims ꀀof ꀀ the ꀀ ro괠㴀
bo:cs ꀀPublic ꀀPrivate ꀀPartnership ꀀand ꀀits ꀀstakeholders. ꀀ

The ꀀSRA ꀀsets ꀀout ꀀto ꀀachieve ꀀthe ꀀfollowing:

• To ꀀpromote ꀀthe ꀀobjec:ves ꀀof ꀀthe ꀀwhole ꀀEuropean ꀀro괠㴀
bo:cs ꀀcommunity.

• To ꀀhighlight ꀀopportuni:es ꀀfor ꀀresearch ꀀand ꀀinnova괠㴀
:on.

• To ꀀiden:fy ꀀthe ꀀcurrent ꀀstate ꀀof ꀀtechnology ꀀand ꀀiden괠㴀
:fy ꀀfuture ꀀrequirements.

• To ꀀintroduce ꀀthe ꀀEuropean ꀀrobo:cs ꀀcommunity ꀀto ꀀ
new ꀀstakeholders.

This ꀀdocument ꀀis ꀀaugmented ꀀby ꀀthe ꀀmore ꀀtechnically ꀀori괠㴀
ented ꀀMul:괠㴀Annual ꀀ Roadmap ꀀ (MAR) ꀀ and ꀀ together ꀀ they ꀀ
cons:tute ꀀsource ꀀdocuments ꀀfor ꀀthe ꀀcall ꀀtexts ꀀof ꀀrobo:cs ꀀ
programmes ꀀin ꀀHorizon ꀀ2020, ꀀthe ꀀeighth ꀀframework ꀀpro괠㴀
gramme. ꀀThe ꀀMAR ꀀwill ꀀbe ꀀupdated ꀀannually. ꀀIt ꀀiden:fies ꀀ
key ꀀtechnologies ꀀthat ꀀshould ꀀbe ꀀpriori:sed ꀀin ꀀa ꀀEuropean ꀀ
context. ꀀ It ꀀ overviews ꀀkey ꀀmarkets ꀀ and ꀀapplica:on ꀀareas ꀀ
that ꀀ impact ꀀon ꀀcompe::veness. ꀀ It ꀀhighlights ꀀ innova:on ꀀ
and ꀀ research ꀀ strategy ꀀ and ꀀ iden:fies ꀀ alignment ꀀwith ꀀ key ꀀ
societal ꀀpriori:es. ꀀIt ꀀiden:fies ꀀresearch ꀀopportuni:es ꀀand ꀀ
their ꀀcontext.

8Introduction: Section 2

SRA ꀀAims

This ꀀ Strategic ꀀ Research ꀀ Agenda ꀀ (SRA) ꀀ
encapsulates ꀀ the ꀀ collec$ve ꀀ consensus ꀀ of ꀀ the ꀀ
robo$cs ꀀ community ꀀ in ꀀ Europe. ꀀ It ꀀ sets ꀀ out ꀀ
objec$ves ꀀ and ꀀ provides ꀀ a ꀀ coordinated ꀀ and ꀀ
defini$ve ꀀview ꀀof ꀀthe ꀀrobo$cs ꀀlandscape. ꀀ
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In ꀀa ꀀtechnology ꀀbased ꀀeconomy ꀀthe ꀀrole ꀀof ꀀpublic ꀀbodies ꀀ
is ꀀto ꀀdevelop ꀀand ꀀimplement ꀀpolicy ꀀthat ꀀsupports ꀀthe ꀀ
crea:on ꀀof ꀀa ꀀviable ꀀand ꀀrelevant ꀀscience ꀀbase, ꀀwhile ꀀthe ꀀ
role ꀀof ꀀprivate ꀀindustry ꀀis ꀀto ꀀtransform ꀀthe ꀀresul:ng ꀀtech괠㴀
nical ꀀadvantage ꀀinto ꀀproducts ꀀand ꀀservices ꀀthus ꀀcrea:ng ꀀ
wealth ꀀand ꀀeconomic ꀀgrowth. ꀀSPARC ꀀembodies ꀀthis ꀀsym괠㴀
biosis.

To ꀀfulfil ꀀthis ꀀvision ꀀSPARC ꀀwill ꀀdevelop ꀀstrategic ꀀgoals ꀀfor ꀀ
European ꀀrobo:cs ꀀand ꀀfoster ꀀtheir ꀀimplementa:on, ꀀ
thereby ꀀimproving ꀀindustrial ꀀcompe::veness ꀀand ꀀindus괠㴀
trial ꀀleadership ꀀof ꀀboth ꀀEuropean ꀀmakers ꀀand, ꀀespecially, ꀀ
users ꀀof ꀀrobo:cs ꀀtechnology. ꀀA ꀀkey ꀀmission ꀀin ꀀthis ꀀre괠㴀
spect ꀀwill ꀀbe ꀀto ꀀaccelerate ꀀEuropean ꀀrobo:cs ꀀinnova:on, ꀀ
turning ꀀthe ꀀresults ꀀof ꀀresearch ꀀand ꀀtechnology ꀀdevelop괠㴀
ment ꀀinto ꀀcompe::ve ꀀproducts ꀀand ꀀservices ꀀat ꀀa ꀀmuch ꀀ
faster ꀀpace.

SPARC ꀀenvisages ꀀthat ꀀEuropean ꀀsociety ꀀwill ꀀbenefit ꀀ
greatly ꀀfrom ꀀthis ꀀleadership ꀀposi:on; ꀀ ꀀfrom ꀀan ꀀincreased ꀀ
produc:vity, ꀀflexibility, ꀀsustainability, ꀀcompe::veness ꀀ
and ꀀquality ꀀof ꀀmanufacturing ꀀto ꀀan ꀀimproved ꀀquality ꀀof ꀀ
life ꀀand ꀀindependence ꀀof ꀀits ꀀci:zens.

SPARC ꀀjoins ꀀtogether ꀀthe ꀀEuropean ꀀCommission, ꀀon ꀀthe ꀀ
public ꀀside, ꀀand ꀀeuRobo:cs ꀀaisbl ꀀon ꀀthe ꀀprivate ꀀside. ꀀ

9Introduction: Section 3

The ꀀRole ꀀof ꀀSPARC

SPARC ꀀ is ꀀ the ꀀ agent ꀀ for ꀀ implemen$ng ꀀ robo$cs ꀀ
strategy ꀀwithin ꀀEurope. ꀀIts ꀀpurpose ꀀis ꀀto ꀀconnect ꀀ
the ꀀ science ꀀ base ꀀ to ꀀ the ꀀ marketplace, ꀀ a ꀀ
connec$on ꀀ that ꀀ ul$mately ꀀ benefits ꀀ society. ꀀ Its ꀀ
vision ꀀ is ꀀ to ꀀaIain ꀀa ꀀworld괠㴀wide ꀀ leading ꀀposi$on ꀀ
in ꀀthe ꀀrobo$cs ꀀmarket ꀀacross ꀀall ꀀdomains.
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Where ꀀeuRobo:cs ꀀaisbl ꀀrepresents ꀀthe ꀀinterests ꀀof ꀀthe ꀀrobo:cs ꀀ
community ꀀin ꀀEurope.

The ꀀfocus ꀀof ꀀSPARC ꀀis ꀀto ꀀs:mulate ꀀthis ꀀinterface ꀀbetween ꀀpublic ꀀ
and ꀀprivate ꀀsectors ꀀbuilding ꀀon ꀀcommon ꀀinterests ꀀto ꀀdevelop ꀀ
strategy, ꀀexploit ꀀrobo:cs ꀀtechnologies, ꀀenable ꀀinfrastructure ꀀand ꀀ
promote ꀀinvestment ꀀand ꀀinnova:on ꀀin ꀀturn ꀀreducing ꀀrisk.

SPARC ꀀdisseminates ꀀits ꀀinten:ons ꀀthrough ꀀdelivery ꀀof ꀀthe ꀀStrate괠㴀
gic ꀀResearch ꀀAgenda ꀀ(SRA) ꀀsupported ꀀby ꀀthe ꀀMul:괠㴀Annual ꀀRoad괠㴀
map ꀀ(MAR), ꀀand ꀀthe ꀀupda:ng ꀀof ꀀthese ꀀdocuments ꀀto ꀀreflect ꀀnew ꀀ
developments ꀀand ꀀmarkets. ꀀThe ꀀprimary ꀀtask ꀀof ꀀSPARC ꀀis ꀀto ꀀen괠㴀
capsulate ꀀthe ꀀconsensus ꀀof ꀀits ꀀstakeholders ꀀin ꀀthe ꀀobjec:ves ꀀof ꀀ
the ꀀSRA ꀀand ꀀensure ꀀtheir ꀀimplementa:on.

SPARC ꀀstakeholders ꀀcons:tute ꀀthe ꀀfull ꀀspectrum ꀀof ꀀinterest ꀀin ꀀ
robo:cs ꀀacross ꀀEurope. ꀀOn ꀀone ꀀside, ꀀthe ꀀEuropean ꀀCommission ꀀ
and, ꀀon ꀀthe ꀀother, ꀀEuropean ꀀresearchers, ꀀindustry ꀀand ꀀend ꀀusers. ꀀ
euRobo:cs ꀀaisbl, ꀀled ꀀby ꀀindustry, ꀀhaving ꀀequal ꀀrepresenta:on ꀀ
from ꀀthe ꀀindustrial ꀀand ꀀresearch ꀀcommuni:es ꀀin ꀀits ꀀexecu:ve ꀀ
and ꀀa ꀀwide ꀀrange ꀀof ꀀmembers ꀀalso ꀀengages ꀀwith ꀀend ꀀusers ꀀand ꀀ
interested ꀀpar:es ꀀthrough ꀀassociate ꀀmembership.

The ꀀgoals ꀀof ꀀSPARC ꀀare ꀀto:

• Develop ꀀstrategic ꀀgoals ꀀfor ꀀEuropean ꀀrobo:cs ꀀand ꀀfoster ꀀ
their ꀀimplementa:on.

• Improve ꀀthe ꀀindustrial ꀀcompe::veness ꀀof ꀀEurope ꀀthrough ꀀ
innova:ve ꀀrobo:c ꀀtechnologies.

• Posi:on ꀀrobo:cs ꀀproducts ꀀand ꀀservices ꀀas ꀀkey ꀀenablers ꀀfor ꀀ
solving ꀀEurope‘s ꀀsocietal ꀀchallenges.

• Strengthen ꀀnetworking ꀀac:vi:es ꀀwithin ꀀthe ꀀEuropean ꀀrobot괠㴀
ics ꀀcommunity.

• Promote ꀀEuropean ꀀrobo:cs.

• Reach ꀀout ꀀto ꀀnew ꀀand ꀀexis:ng ꀀusers ꀀand ꀀmarkets.

• Contribute ꀀto ꀀpolicy ꀀdevelopment ꀀand ꀀaddress ꀀEthical, ꀀLegal ꀀ
and ꀀSocietal ꀀ(ELS) ꀀissues.

SPARC ꀀwill ꀀbuild ꀀon ꀀEurope’s ꀀstrong ꀀposi:on ꀀin ꀀboth ꀀthe ꀀindus괠㴀
trial ꀀand ꀀservice ꀀdomains ꀀtaking ꀀa ꀀlead ꀀrole ꀀin ꀀnew ꀀmarkets. ꀀBy ꀀ
doing ꀀso ꀀEuropean ꀀrobo:cs ꀀcompanies ꀀwill ꀀgain ꀀa ꀀcompe::ve ꀀ
leadership ꀀposi:on ꀀin ꀀworld ꀀmarkets ꀀfor ꀀboth ꀀthemselves ꀀand ꀀ
their ꀀcustomers.

The Role of SPARC 10
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SPARC ꀀwill ꀀbring ꀀtogether ꀀboth ꀀindustry ꀀand ꀀacademia ꀀ
from ꀀall ꀀareas ꀀof ꀀrobo:cs ꀀtechnology ꀀand ꀀapplica:on, ꀀas ꀀ
well ꀀas ꀀother ꀀstakeholders ꀀwho ꀀare ꀀcri:cal ꀀto ꀀthe ꀀestab괠㴀
lishment ꀀof ꀀa ꀀnew ꀀhigh괠㴀tech ꀀindustry, ꀀinto ꀀa ꀀsingle ꀀfo괠㴀
cussed ꀀbody ꀀwhich ꀀis ꀀled, ꀀon ꀀthe ꀀprivate ꀀside, ꀀby ꀀeuRobot괠㴀
ics ꀀAISBL.

SPARC ꀀaims ꀀto ꀀfacilitate ꀀthe ꀀbuilding ꀀand ꀀempowerment ꀀ
of ꀀan ꀀindustry ꀀand ꀀa ꀀsupply ꀀchain ꀀthat ꀀis ꀀcapable ꀀof ꀀcap괠㴀
turing ꀀover ꀀ42% ꀀof ꀀthe ꀀworld ꀀmarket ꀀin ꀀrobo:cs ꀀby ꀀ2020. ꀀ
Even ꀀmore ꀀimportantly, ꀀSPARC ꀀaims ꀀto ꀀfacilitate ꀀthe ꀀ
building ꀀof ꀀvalue ꀀchains ꀀthat ꀀwill ꀀenable ꀀsolu:ons ꀀto ꀀbe ꀀ
quickly ꀀdeveloped ꀀand ꀀchanged ꀀas ꀀmarkets ꀀarise ꀀand ꀀ
change. ꀀ

To ꀀachieve ꀀthe ꀀnecessary ꀀimpact ꀀon ꀀmarkets ꀀrequires ꀀa ꀀ
concerted ꀀac:on ꀀfrom ꀀacross ꀀEurope ꀀthat ꀀcreates ꀀsuffi괠㴀
cient ꀀcri:cal ꀀmass. ꀀ

In ꀀthis ꀀyoung ꀀindustry ꀀSMEs ꀀare ꀀpar:cularly ꀀimportant ꀀ
and ꀀform ꀀa ꀀvital ꀀpart ꀀof ꀀthe ꀀrobo:cs ꀀlandscape ꀀin ꀀterms ꀀ
of ꀀestablishing ꀀcomponent ꀀsupply ꀀchains, ꀀdriving ꀀinnova괠㴀
:on, ꀀopening ꀀup ꀀnew ꀀmarkets ꀀand ꀀfilling ꀀniches ꀀwith ꀀvalu괠㴀
able ꀀproducts ꀀand ꀀservices. ꀀSPARC ꀀwill ꀀdrive ꀀentrepre괠㴀
neurship ꀀand ꀀSMEs. ꀀThe ꀀHorizon ꀀ2020 ꀀdedicated ꀀSME ꀀ
instrument ꀀwill ꀀbe ꀀa ꀀpar:cularly ꀀuseful ꀀtool ꀀwithin ꀀ
SPARC.

11Introduction: Section 4

SPARC ꀀImpact

SPARC ꀀ builds ꀀ on ꀀ the ꀀ extremely ꀀ successful ꀀ
ini$a$ves, ꀀ underwriIen ꀀ by ꀀ the ꀀ European ꀀ
Commission, ꀀ which ꀀ have ꀀ already ꀀ created ꀀ
community ꀀ effort ꀀ and ꀀ technical ꀀ achievements ꀀ
that ꀀare ꀀinterna$onally ꀀacclaimed. ꀀSPARC ꀀwill ꀀbe ꀀ
the ꀀ world’s ꀀ largest ꀀ and ꀀ broadest ꀀ ini$a$ve ꀀ to ꀀ
both ꀀbring ꀀrobo$cs ꀀ into ꀀthe ꀀmarket ꀀand ꀀto ꀀpush ꀀ
excellence ꀀin ꀀrobo$cs. ꀀ
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SPARC ꀀwill ꀀenable ꀀEurope ꀀto ꀀcapitalise ꀀon ꀀits ꀀtechnical ꀀexcel괠㴀
lence ꀀand ꀀthe ꀀskill ꀀbase ꀀit ꀀhas ꀀsuccessfully ꀀcreated.

The ꀀexpected ꀀimpacts ꀀcan ꀀbe ꀀsummarised ꀀas ꀀfollows:

• A ꀀposi:ve ꀀeconomic ꀀimpact ꀀon ꀀthe ꀀcompe::veness ꀀand ꀀ
growth ꀀof ꀀdomains ꀀdeploying ꀀrobo:cs ꀀtechnology.

• A ꀀposi:ve ꀀeconomic ꀀimpact ꀀon ꀀthe ꀀcompe::veness ꀀand ꀀ
growth ꀀof ꀀthe ꀀEuropean ꀀrobo:cs ꀀindustry.

• The ꀀcrea:on ꀀof ꀀnew ꀀjobs ꀀcrea:on ꀀand ꀀincreased ꀀjob ꀀprotec괠㴀
:on;

• The ꀀprovision ꀀof ꀀsolu:ons ꀀto ꀀEurope’s ꀀsocietal ꀀchallenges;

• Increasing ꀀEurope’s ꀀtechnical ꀀexcellence ꀀand ꀀskill ꀀbase.

SPARC Impact 12
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The ꀀindustrial ꀀcommunity ꀀrecognises ꀀthe ꀀimportance ꀀof ꀀ
SPARC ꀀas ꀀa ꀀnecessary ꀀand ꀀprogressive ꀀstep ꀀin ꀀthe ꀀgrowth ꀀ
of ꀀan ꀀeffec:ve ꀀand ꀀviable ꀀrobo:cs ꀀmarketplace ꀀin ꀀ
Europe. ꀀeuRobo:cs ꀀAISBL ꀀand ꀀthe ꀀEuropean ꀀCommission ꀀ
are ꀀjointly ꀀcommiced ꀀto ꀀleading ꀀSPARC ꀀand ꀀensuring ꀀ
that ꀀit ꀀfulfils ꀀits ꀀobjec:ves. ꀀIt ꀀrecognises ꀀthe ꀀstrategic ꀀim괠㴀
portance ꀀof ꀀclose ꀀsustainable ꀀcollabora:on ꀀwith ꀀacade괠㴀
mia ꀀand ꀀof ꀀengaging ꀀwith ꀀthe ꀀwider ꀀcommunity ꀀof ꀀEurope ꀀ
to ꀀpromote ꀀrobo:cs. ꀀIt ꀀwelcomes ꀀthe ꀀopportunity ꀀto ꀀcol괠㴀
laborate ꀀwith ꀀthe ꀀEuropean ꀀCommission ꀀin ꀀthe ꀀimplemen괠㴀
ta:on ꀀof ꀀthe ꀀStrategic ꀀResearch ꀀAgenda ꀀfor ꀀRobo:cs ꀀand ꀀ
in ꀀeffec:vely ꀀu:lising ꀀthe ꀀresults ꀀof ꀀthe ꀀresearch ꀀand ꀀinno괠㴀
va:on ꀀprogrammes.

The ꀀacademic ꀀcommunity ꀀsimilarly ꀀrecognises ꀀthe ꀀimpor괠㴀
tance ꀀof ꀀSPARC ꀀin ꀀcrea:ng ꀀan ꀀeffec:ve ꀀand ꀀsustainable ꀀ
partnership ꀀwith ꀀthe ꀀindustrial ꀀrobo:cs ꀀcommunity ꀀand ꀀ
the ꀀEuropean ꀀCommission. ꀀIt ꀀis ꀀcommiced ꀀto ꀀsuppor:ng ꀀ
SPARC ꀀand ꀀensuring ꀀthat ꀀit ꀀfulfils ꀀits ꀀobjec:ves. ꀀIt ꀀrecog괠㴀
nises ꀀthe ꀀstrategic ꀀimportance ꀀof ꀀa ꀀclose ꀀand ꀀsustainable ꀀ
collabora:on ꀀwith ꀀindustry ꀀand ꀀthe ꀀpromo:on ꀀof ꀀ
research ꀀand ꀀinnova:on ꀀstrategy ꀀthat ꀀis ꀀaligned ꀀwith ꀀfu괠㴀
ture ꀀEuropean ꀀneed. ꀀIt ꀀwelcomes ꀀthe ꀀopportunity ꀀto ꀀcol괠㴀
laborate ꀀwith ꀀthe ꀀEuropean ꀀCommission ꀀin ꀀthe ꀀimplemen괠㴀
ta:on ꀀof ꀀthe ꀀStrategic ꀀResearch ꀀAgenda ꀀfor ꀀRobo:cs ꀀby ꀀ
carrying ꀀout ꀀworld ꀀclass ꀀresearch ꀀand ꀀpromo:ng ꀀinnova괠㴀
:on ꀀand ꀀtechnical ꀀexcellence.

The ꀀmembers ꀀof ꀀSPARC ꀀshare ꀀa ꀀcommon ꀀgoal ꀀto ꀀmake ꀀ
and ꀀmaintain ꀀa ꀀviable ꀀand ꀀsuccessful ꀀglobal ꀀrobo:cs ꀀcom괠㴀
munity ꀀwithin ꀀEurope.

13Introduction: Section 5

Commi>ment ꀀto ꀀ
SPARC
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Why ꀀis ꀀrobotics ꀀimportant?
What ꀀwill ꀀrobots ꀀdo? ꀀWhat ꀀadvantages ꀀwill ꀀ
they ꀀhave?

ELS ꀀIssues ꀀand ꀀtheir ꀀImpact
Ethical, ꀀLegal ꀀand ꀀSocietal ꀀissues ꀀwill ꀀdomi괠㴀
nate ꀀsome ꀀrobot ꀀmarkets. ꀀResponding ꀀto ꀀ
these ꀀimportant ꀀchallenges ꀀis ꀀkey.

Horizon ꀀ2020 ꀀand ꀀits ꀀimpact
A ꀀbrief ꀀintroduc4on ꀀto ꀀthe ꀀsize ꀀand ꀀscale ꀀof ꀀ
Horizon ꀀ2020 ꀀand ꀀthe ꀀrole ꀀrobo4cs ꀀwill ꀀ
play ꀀwithin ꀀit.

Documentation ꀀOverview
An ꀀintroduc4on ꀀto ꀀthe ꀀdifferent ꀀdocuments ꀀ
that ꀀcompose ꀀthe ꀀSRA ꀀwith ꀀinforma4on ꀀ
about ꀀhow ꀀto ꀀaccess ꀀthem.
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Tradi:onal ꀀindustrial ꀀrobots ꀀhave ꀀhad ꀀa ꀀvital ꀀrole ꀀin ꀀmain괠㴀
taining ꀀ the ꀀ compe::veness ꀀ of ꀀ European ꀀmanufacturing ꀀ
industry. ꀀWhile ꀀthis ꀀrole ꀀwill ꀀcon:nue ꀀand ꀀwiden, ꀀit ꀀ is ꀀro괠㴀
bots ꀀ outside ꀀ of ꀀ these ꀀ tradi:onal ꀀ roles ꀀ that ꀀwill ꀀ have ꀀ in괠㴀
creasing ꀀ importance ꀀand ꀀprovide ꀀopportuni:es ꀀfor ꀀrapid ꀀ
market ꀀgrowth. ꀀThe ꀀsignificant ꀀshort ꀀto ꀀmedium ꀀterm ꀀop괠㴀
portuni:es ꀀ will ꀀ be ꀀ in ꀀ areas ꀀ such ꀀ as ꀀ agriculture, ꀀ health괠㴀
care, ꀀ security ꀀ and ꀀ transport ꀀwhile ꀀ in ꀀ the ꀀ longer ꀀ term ꀀ ro괠㴀
bots ꀀwill ꀀ enter ꀀalmost ꀀall ꀀ areas ꀀof ꀀhuman ꀀac:vity ꀀ includ괠㴀
ing ꀀthe ꀀhome.

The ꀀuse ꀀof ꀀ industrial ꀀ robots ꀀ in ꀀ large ꀀmanufacturing ꀀcom괠㴀
panies ꀀ is ꀀ generally ꀀwell ꀀ established ꀀ and ꀀ understood. ꀀ To ꀀ
expanding ꀀthe ꀀmarket, ꀀsmaller ꀀscale ꀀand ꀀSME ꀀmanufactur괠㴀
ing ꀀ need ꀀ to ꀀ embrace ꀀ smart ꀀ robo:cs ꀀ to ꀀ maintain ꀀ effi괠㴀
ciency ꀀand ꀀcreate ꀀjobs. ꀀRaising ꀀthe ꀀoutput ꀀand ꀀefficiency ꀀ
of ꀀ SME ꀀmanufacturers ꀀwill ꀀ have ꀀ a ꀀ significant ꀀ impact ꀀ on ꀀ
Europe’s ꀀ manufacturing ꀀ and ꀀ employment ꀀ capacity. ꀀ In ꀀ
turn ꀀthis ꀀwill ꀀ increase ꀀoverall ꀀemployment ꀀas ꀀcompanies ꀀ
expand ꀀ into ꀀ markets ꀀ considered ꀀ inaccessible ꀀ given ꀀ
Europe’s ꀀ compara:ve ꀀ labour ꀀ costs. ꀀ Increasingly ꀀ Europe ꀀ
will ꀀnot ꀀonly ꀀbe ꀀcompe:ng ꀀagainst ꀀ low ꀀwage ꀀeconomies ꀀ
but ꀀalso, ꀀincreasingly, ꀀhighly ꀀautomated ꀀones. ꀀLeadership ꀀ
in ꀀrobo:cs ꀀtechnology ꀀwill ꀀbe ꀀa ꀀkey ꀀdifferen:ator ꀀof ꀀmar괠㴀
ket ꀀshare ꀀin ꀀmany ꀀsectors.

15Background: Section 1

Why ꀀis ꀀRobo&cs ꀀ
Important?

With ꀀtheir ꀀincreased ꀀawareness ꀀand ꀀease ꀀof ꀀuse, ꀀ
robots ꀀ represent ꀀ the ꀀ dawn ꀀ of ꀀ a ꀀ new ꀀ era, ꀀ
ubiquitous ꀀ helpers ꀀ improving ꀀ compe$$veness ꀀ
and ꀀour ꀀquality ꀀof ꀀlife. ꀀRobo$cs ꀀis ꀀset ꀀto ꀀbecome ꀀ
the ꀀ driving ꀀ technology ꀀ underpinning ꀀ a ꀀ whole ꀀ
new ꀀ genera$on ꀀ of ꀀ autonomous ꀀ devices ꀀ and ꀀ
cogni$ve ꀀ artefacts, ꀀ providing ꀀ the ꀀ missing ꀀ link ꀀ
between ꀀthe ꀀdigital ꀀand ꀀphysical ꀀworlds.
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These ꀀsmarter ꀀ industrial ꀀ robots ꀀdraw ꀀon ꀀa ꀀmuch ꀀbroader ꀀ range ꀀ
of ꀀrobo:cs ꀀtechnology ꀀthan ꀀthe ꀀsystems ꀀthey ꀀreplace, ꀀimproved ꀀ
human ꀀmachine ꀀinterfaces, ꀀthe ꀀability ꀀto ꀀlearn ꀀtasks ꀀwithout ꀀfor괠㴀
mal ꀀ programming, ꀀ and ꀀ higher ꀀ levels ꀀ of ꀀ dexterity ꀀ and ꀀflexibility. ꀀ
These ꀀ technical ꀀ advances ꀀ directly ꀀ result ꀀ from ꀀ research ꀀ invest괠㴀
ment ꀀin ꀀEurope’s ꀀacademic ꀀins:tu:ons.

In ꀀthe ꀀmedium ꀀterm ꀀrobo:cs ꀀtechnology ꀀwill ꀀhave ꀀa ꀀfar ꀀmore ꀀdis괠㴀
rup:ve ꀀ effect ꀀ on ꀀ the ꀀ compe::veness ꀀ of ꀀ non괠㴀manufacturing ꀀ in괠㴀
dustries ꀀ such ꀀ as ꀀ agriculture, ꀀ transport, ꀀ healthcare, ꀀ security ꀀ and ꀀ
u:li:es. ꀀThe ꀀgrowth ꀀin ꀀthese ꀀareas ꀀover ꀀthe ꀀcoming ꀀdecade ꀀwill ꀀ
be ꀀmuch ꀀmore ꀀdrama:c. ꀀFrom ꀀwhat ꀀis ꀀcurrently ꀀa ꀀrela:vely ꀀlow ꀀ
base, ꀀ service ꀀ robots ꀀ used ꀀ in ꀀ non괠㴀manufacturing ꀀ areas ꀀ are ꀀ ex괠㴀
pected ꀀ to ꀀ become ꀀ the ꀀ largest ꀀ area ꀀ of ꀀ global ꀀ robot ꀀ sales. ꀀ They ꀀ
will ꀀhave ꀀa ꀀtransforma:onal ꀀimpact ꀀon ꀀa ꀀmul:plicity ꀀof ꀀindustries ꀀ
and ꀀmarkets.

These ꀀsmart ꀀ robot ꀀ technologies ꀀand ꀀ their ꀀ integra:on ꀀ into ꀀexist괠㴀
ing ꀀproduct ꀀmarkets ꀀwill ꀀenable ꀀthe ꀀexploita:on ꀀof ꀀlatent ꀀpoten괠㴀
:al ꀀfor ꀀa ꀀwide ꀀrange ꀀof ꀀEuropean ꀀmanufacturers ꀀand ꀀservice ꀀpro괠㴀
viders. ꀀ In ꀀfood ꀀsecurity, ꀀautonomous ꀀtransporta:on, ꀀautomated ꀀ
farming ꀀand ꀀlivestock ꀀmanagement, ꀀand ꀀin ꀀimproving ꀀhealthcare ꀀ
delivery, ꀀand ꀀenvironmental ꀀmonitoring. ꀀRobots ꀀhave ꀀthe ꀀpoten괠㴀
:al ꀀto ꀀprovide ꀀcost ꀀeffec:ve ꀀservices, ꀀand ꀀenable ꀀthe ꀀefficient ꀀde괠㴀
livery ꀀof ꀀhigh ꀀvalue ꀀservices.

Robots ꀀ provide ꀀ the ꀀmeans ꀀ to ꀀwork ꀀ in ꀀ hazardous ꀀ environments ꀀ
improving ꀀ safety ꀀ for ꀀemergency ꀀ service ꀀworkers, ꀀ in ꀀmining ꀀand ꀀ
mineral ꀀextrac:on ꀀand ꀀin ꀀdecommissioning. ꀀThey ꀀcan ꀀprovide ꀀre괠㴀
lentless ꀀsecurity ꀀand ꀀwill ꀀprove ꀀinvaluable ꀀin ꀀcivil ꀀsecurity, ꀀborder ꀀ
protec:on ꀀand ꀀthe ꀀpatrolling ꀀof ꀀplant ꀀand ꀀfacili:es. ꀀTheir ꀀability ꀀ

to ꀀmap ꀀand ꀀmonitor ꀀlarge ꀀspaces, ꀀunder ꀀwater, ꀀand ꀀfrom ꀀthe ꀀair, ꀀ
will ꀀprovide ꀀa ꀀnew ꀀand ꀀcost ꀀeffec:ve ꀀmeans ꀀ to ꀀgather ꀀvaluable ꀀ
data, ꀀ from ꀀthe ꀀassessment ꀀof ꀀcrop ꀀgrowth ꀀto ꀀthe ꀀmonitoring ꀀof ꀀ
environmental ꀀ pollu:on. ꀀ Thereby ꀀ contribu:ng ꀀ to ꀀ “big ꀀ data” ꀀ re괠㴀
sources ꀀand ꀀbeing ꀀinformed ꀀby ꀀthem.

In ꀀmedicine ꀀthey ꀀwill ꀀcon:nue ꀀto ꀀmake ꀀinroads ꀀinto ꀀthe ꀀprovision ꀀ
of ꀀ high ꀀ accuracy ꀀ surgery, ꀀ and ꀀ in ꀀ performing ꀀ repe::ve ꀀ proce괠㴀
dures. ꀀThey ꀀhave ꀀthe ꀀpoten:al ꀀto ꀀimprove ꀀoutcomes ꀀin ꀀrehabilita괠㴀
:on, ꀀand ꀀprovide ꀀhighly ꀀeffec:ve ꀀ logis:cs ꀀsupport ꀀwithin ꀀhospi괠㴀
tals.

In ꀀ:me ꀀthey ꀀwill ꀀrevolu:onise ꀀtransport, ꀀincreasing ꀀdriver ꀀsafety, ꀀ
and ꀀroad ꀀefficiency. ꀀEmbryonic ꀀlegal ꀀinfrastructures ꀀand ꀀsystems ꀀ
are ꀀalready ꀀbeing ꀀexplored. ꀀThe ꀀpoten:al ꀀgains ꀀ in ꀀthe ꀀtransport ꀀ
of ꀀgoods ꀀand ꀀpeople ꀀare ꀀ significant. ꀀWarehouses ꀀhave ꀀbeen ꀀus괠㴀
ing ꀀ robot ꀀ technology ꀀ for ꀀ some ꀀ :me ꀀ and ꀀ these ꀀ are ꀀ becoming ꀀ
more ꀀflexible ꀀ and ꀀ intelligent. ꀀ It ꀀ is ꀀ natural ꀀ to ꀀ extend ꀀ this ꀀ to ꀀ the ꀀ
provision ꀀ of ꀀ warehouse ꀀ to ꀀ door ꀀ systems ꀀ and ꀀ those ꀀ from ꀀ con괠㴀
tainer ꀀto ꀀwarehouse. ꀀCuSng ꀀdelivery ꀀ:mes ꀀand ꀀmaking ꀀcost ꀀsav괠㴀
ings ꀀthat ꀀjus:fy ꀀsignificant ꀀinvestment.

Robots ꀀwill ꀀ transform ꀀalmost ꀀevery ꀀ industry ꀀand ꀀservice ꀀsector, ꀀ
Europe ꀀhas ꀀ the ꀀpoten:al ꀀ to ꀀ lead ꀀ this ꀀprocess, ꀀbut ꀀ this ꀀ requires ꀀ
sustained ꀀinvestment ꀀin ꀀresearch, ꀀinnova:on, ꀀcompanies, ꀀand ꀀin ꀀ
the ꀀ infrastructure ꀀ needed ꀀ to ꀀ integrate ꀀ robo:cs ꀀ technology ꀀ
within ꀀour ꀀsystems ꀀand ꀀsociety.

Why is Robotics Important? 16
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Business ꀀinterests, ꀀconsumer ꀀinterests ꀀand ꀀtechnological ꀀ
advancements ꀀwill ꀀlead ꀀto ꀀthe ꀀwide ꀀscale ꀀdiffusion ꀀof ꀀro괠㴀
bo:c ꀀtechnology ꀀinto ꀀour ꀀeveryday ꀀlives. ꀀFrom ꀀcollabora괠㴀
:ve ꀀmanufacturing ꀀto ꀀproviding ꀀcivil ꀀsecurity, ꀀfrom ꀀ
autonomous ꀀtransporta:on ꀀto ꀀthe ꀀprovision ꀀof ꀀrobot ꀀ
companions. ꀀBuilding ꀀan ꀀearly ꀀawareness ꀀof ꀀthe ꀀinevita괠㴀
ble ꀀethical, ꀀlegal, ꀀand ꀀsocietal ꀀ(ELS) ꀀissues ꀀwill ꀀallow ꀀ
:mely ꀀlegisla:ve ꀀac:on ꀀand ꀀsocietal ꀀinterac:on. ꀀOf ꀀequal ꀀ
importance ꀀis ꀀthe ꀀneed ꀀto ꀀensure ꀀthe ꀀdesigners ꀀof ꀀrobot ꀀ
systems ꀀare ꀀaware ꀀof ꀀthese ꀀissues ꀀand ꀀare ꀀprovided ꀀwith ꀀ
the ꀀguidance ꀀto ꀀcreate ꀀcompliant ꀀand ꀀethical ꀀsystems. ꀀAd괠㴀
dressing ꀀthese ꀀimportant ꀀissues ꀀwill ꀀhelp ꀀsupport ꀀthe ꀀde괠㴀
velopment ꀀof ꀀnew ꀀmarkets ꀀby ꀀbuilding ꀀconfidence. ꀀ

These ꀀissues ꀀwill ꀀsignificantly ꀀaffect ꀀthe ꀀacceptance ꀀof ꀀro괠㴀
bots ꀀand ꀀrobo:c ꀀdevices ꀀas ꀀbeing ꀀan ꀀintegral ꀀpart ꀀof ꀀour ꀀ
daily ꀀlives. ꀀIn ꀀsome ꀀcases ꀀELS ꀀissues ꀀwill ꀀhave ꀀa ꀀgreater ꀀ
influence ꀀon ꀀthe ꀀdelivery ꀀof ꀀsystems ꀀto ꀀmarket ꀀthan ꀀthe ꀀ
readiness ꀀlevel ꀀof ꀀthe ꀀinvolved ꀀtechnologies. ꀀExis:ng ꀀna괠㴀
:onal ꀀlaws ꀀand ꀀinterna:onal ꀀconven:ons, ꀀas ꀀwell ꀀas ꀀdif괠㴀
ferent ꀀethical ꀀand ꀀcultural ꀀperspec:ves ꀀand ꀀsocietal ꀀex괠㴀
pecta:ons ꀀacross ꀀthe ꀀdifferent ꀀstates ꀀof ꀀEurope ꀀwill ꀀneed ꀀ
to ꀀbe ꀀtaken ꀀinto ꀀconsidera:on. ꀀIn ꀀorder ꀀfor ꀀthe ꀀrobo:cs ꀀ
industry ꀀto ꀀbecome ꀀaware ꀀof ꀀthese ꀀissues, ꀀcross괠㴀
disciplinary ꀀeduca:on ꀀand ꀀa ꀀlegal ꀀand ꀀethical ꀀinfrastruc괠㴀
ture ꀀneed ꀀto ꀀbe ꀀbuilt ꀀalongside ꀀthe ꀀdeveloping ꀀindustry.

17Background: Section 2

ELS ꀀIssues ꀀand ꀀtheir ꀀ
Impact

European ꀀ society ꀀ is ꀀ currently ꀀ facing ꀀ important ꀀ
challenges. ꀀ Robo$cs ꀀ can ꀀ be ꀀ an ꀀ integral ꀀ part ꀀ of ꀀ
wider ꀀ solu$ons ꀀ to ꀀ these ꀀ challenges, ꀀ but ꀀ using ꀀ
them ꀀ will ꀀ have ꀀ important ꀀ ELS ꀀ impacts. ꀀ
Addressing ꀀ these ꀀ impacts ꀀ needs ꀀ to ꀀ go ꀀ hand ꀀ in ꀀ
hand ꀀwith ꀀthe ꀀdeployment ꀀof ꀀtechnology.
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There ꀀis ꀀa ꀀgrowing ꀀawareness ꀀthat ꀀthe ꀀsafeguards ꀀand ꀀenact괠㴀
ment ꀀof ꀀstandards, ꀀnorms ꀀand ꀀlegisla:on ꀀwill ꀀneed ꀀto ꀀbe ꀀin괠㴀
cluded ꀀas ꀀa ꀀpart ꀀof ꀀthe ꀀsystems ꀀdesign ꀀprocess ꀀthat ꀀcreates ꀀro괠㴀
bo:c ꀀdevices ꀀand ꀀtechnology. ꀀThe ꀀmodular ꀀapproach ꀀto ꀀsystem ꀀ
design ꀀthat ꀀis ꀀlikely ꀀto ꀀbecome ꀀpredominant ꀀwill ꀀmean ꀀthat ꀀthe ꀀ
mechanisms ꀀto ꀀaddress ꀀELS ꀀissues ꀀmay ꀀhave ꀀto ꀀbe ꀀdistributed ꀀ
through ꀀthe ꀀsystem, ꀀrather ꀀthan ꀀadded ꀀon ꀀas ꀀa ꀀseparate ꀀcompo괠㴀
nent.

The ꀀfollowing ꀀanalysis ꀀof ꀀELS ꀀissues ꀀis ꀀbased ꀀon ꀀthe ꀀfollowing ꀀas괠㴀
sump:ons: ꀀIn ꀀthe ꀀshort ꀀterm ꀀrobots ꀀand ꀀhumans ꀀwill ꀀwork ꀀbe괠㴀
side ꀀeach ꀀother ꀀand, ꀀin ꀀsome ꀀcases, ꀀinteract ꀀdirectly. ꀀIn ꀀthe ꀀme괠㴀
dium ꀀterm ꀀrobots ꀀand ꀀhumans ꀀwill ꀀcooperate ꀀand ꀀshare ꀀspace ꀀ
with ꀀeach ꀀother, ꀀboth ꀀat ꀀwork ꀀand ꀀat ꀀhome. ꀀRobots ꀀwill ꀀperform ꀀ
more ꀀcomplex ꀀtasks ꀀwithout ꀀconstant ꀀsupervision. ꀀOnly ꀀin ꀀthe ꀀ
long ꀀterm ꀀwill ꀀhumans ꀀand ꀀrobots ꀀbecome ꀀmore ꀀintegrated ꀀre괠㴀
sul:ng ꀀin ꀀan ꀀincreasingly ꀀsophis:cated ꀀinterac:on.

Ethical ꀀIssues
Wrong ꀀmay ꀀbe ꀀdone ꀀeither ꀀby ꀀthe ꀀrobot ꀀitself ꀀor ꀀby ꀀsociety ꀀwhen ꀀ
deploying ꀀrobo:c ꀀdevices. ꀀFor ꀀexample, ꀀrobo:c ꀀcompanions ꀀmay ꀀ
acain ꀀa ꀀvery ꀀhigh ꀀlevel ꀀof ꀀsocial ꀀpervasiveness. ꀀThey ꀀwill ꀀhave ꀀ
the ꀀability ꀀto ꀀcollect ꀀpersonal ꀀinforma:on ꀀand ꀀthereby ꀀinvade ꀀa ꀀ
user’s ꀀprivacy ꀀor ꀀthat ꀀof ꀀbystanders. ꀀRobo:c ꀀco괠㴀workers ꀀmust ꀀbe ꀀ
designed ꀀsuch ꀀthat ꀀthe ꀀsafety ꀀof ꀀhumans ꀀand ꀀtheir ꀀgeneral ꀀsupe괠㴀
rior ꀀposi:on ꀀin ꀀthe ꀀcontrol ꀀhierarchy ꀀis ꀀensured. ꀀPar:cular ꀀcare ꀀ
must ꀀbe ꀀtaken ꀀwith ꀀthe ꀀelderly ꀀand ꀀchildren. ꀀRobots ꀀshould ꀀsup괠㴀
port, ꀀbut ꀀnot ꀀreplace, ꀀhuman ꀀcarers ꀀor ꀀteachers ꀀand ꀀshould ꀀnot ꀀ
imitate ꀀhuman ꀀform ꀀor ꀀbehaviour. ꀀFurther ꀀethical ꀀissues ꀀcan ꀀbe ꀀ
derived ꀀfrom ꀀthe ꀀEuropean ꀀCharter ꀀof ꀀFundamental ꀀRights. ꀀIn ꀀall ꀀ

of ꀀthis ꀀthe ꀀdesigners ꀀand ꀀmanufacturers ꀀof ꀀrobot ꀀsystems ꀀwill ꀀ
need ꀀto ꀀengage ꀀwith ꀀthe ꀀissues.

Legal ꀀIssues
Legal ꀀissues ꀀin ꀀrobo:cs ꀀrelate ꀀboth ꀀto ꀀissues ꀀof ꀀpermicance ꀀor ꀀ
prohibi:on ꀀand ꀀalso ꀀto ꀀques:ons ꀀof ꀀliability ꀀand ꀀresponsibility. ꀀ
The ꀀpermicance ꀀand ꀀprohibi:on ꀀissues ꀀrelate ꀀto ꀀcertain ꀀtypes ꀀof ꀀ
robots ꀀopera:ng ꀀin ꀀpar:cular ꀀenvironments ꀀor ꀀapplica:ons, ꀀe.g. ꀀ
self괠㴀driving ꀀcars ꀀopera:ng ꀀon ꀀpublic ꀀroads. ꀀIn ꀀsome ꀀcases ꀀthere ꀀ
are ꀀspecific ꀀlaws ꀀthat ꀀdefine ꀀwhat ꀀmay ꀀor ꀀmay ꀀnot ꀀbe ꀀallowed ꀀto ꀀ
be ꀀundertaken ꀀbut ꀀthese ꀀlaws ꀀoVen ꀀinadequately ꀀcater ꀀfor ꀀro괠㴀
bo:c ꀀtechnology ꀀ(and ꀀin ꀀpar:cular ꀀautonomy), ꀀthey ꀀoVen ꀀdiffer ꀀ
across ꀀna:onal ꀀboundaries ꀀwithin ꀀthe ꀀEC ꀀand ꀀthey ꀀcan ꀀbecome ꀀa ꀀ
compe::ve ꀀdisadvantage ꀀto ꀀthe ꀀdevelopment ꀀof ꀀa ꀀthriving ꀀEuro괠㴀
pean ꀀindustry. ꀀIn ꀀother ꀀcases ꀀmore ꀀgeneral ꀀlaws ꀀrely ꀀon ꀀthe ꀀim괠㴀
plementa:on ꀀof ꀀstandards, ꀀpar:cularly ꀀsafety ꀀstandards, ꀀand ꀀ
again ꀀit ꀀis ꀀimportant ꀀthat ꀀsuch ꀀstandards ꀀare ꀀreviewed ꀀand ꀀup괠㴀
dated ꀀin ꀀline ꀀwith ꀀthe ꀀrequirements ꀀof ꀀthe ꀀthe ꀀemerging ꀀmarkets ꀀ
and ꀀthe ꀀcapabili:es ꀀof ꀀthe ꀀtechnology.

In ꀀterms ꀀof ꀀliability ꀀand ꀀresponsibility ꀀa ꀀrobot ꀀmay ꀀmake ꀀwrong ꀀ
decisions ꀀas ꀀits ꀀacquired ꀀknowledge ꀀmay ꀀcontain ꀀinaccurate ꀀrep괠㴀
resenta:ons ꀀof ꀀthe, ꀀoVen ꀀunknown, ꀀunstructured ꀀenvironment ꀀ
surrounding ꀀit. ꀀIs ꀀthe ꀀdesigner, ꀀproducer, ꀀcommissioner ꀀor ꀀuser ꀀ
responsible ꀀfor ꀀthe ꀀinappropriate ꀀac:ons ꀀof ꀀthe ꀀrobot? ꀀIn ꀀthis ꀀ
context, ꀀthe ꀀrobot’s ꀀlearning ꀀprocess ꀀneeds ꀀto ꀀbe ꀀcontrollable ꀀby ꀀ
those ꀀwho ꀀtake ꀀresponsibility ꀀfor ꀀthe ꀀrobot.

Societal ꀀIssues
Industrial ꀀrobots ꀀhave ꀀalready ꀀchanged ꀀsociety. ꀀA ꀀmore ꀀwide괠㴀
spread ꀀuse ꀀof ꀀrobots, ꀀdespite ꀀits ꀀadvantages, ꀀmay ꀀlead ꀀto ꀀlabour ꀀ

ELS Issues and their Impact 18
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displacement ꀀand ꀀan ꀀextensive ꀀshiV ꀀin ꀀthe ꀀpacerns ꀀof ꀀemploy괠㴀
ment. ꀀThis, ꀀand ꀀother ꀀaccess ꀀfactors ꀀsuch ꀀas ꀀprice, ꀀmay ꀀlead ꀀto ꀀ
the ꀀexclusion ꀀof ꀀparts ꀀof ꀀsociety ꀀfrom ꀀthe ꀀbenefits ꀀof ꀀadvanced ꀀ
robo:cs. ꀀOn ꀀthe ꀀother ꀀhand, ꀀjob ꀀprofiles ꀀwill ꀀimprove ꀀas ꀀrobots ꀀ
take ꀀover ꀀdangerous, ꀀmundane ꀀand ꀀundesirable ꀀjobs ꀀnot ꀀonly ꀀin ꀀ
the ꀀmanufacturing ꀀindustries ꀀbut ꀀin ꀀa ꀀbroader ꀀrange ꀀof ꀀtasks. ꀀAd괠㴀
di:onally, ꀀenhancing ꀀthe ꀀhuman ꀀbody ꀀthrough ꀀrobo:cs ꀀhas ꀀboth ꀀ
posi:ve ꀀand ꀀnega:ve ꀀimplica:ons ꀀfor ꀀthe ꀀable괠㴀bodied ꀀand ꀀdis괠㴀
abled. ꀀFinally ꀀrobots ꀀmay ꀀgive ꀀcapabili:es ꀀto ꀀpeople ꀀand ꀀgovern괠㴀
ments, ꀀfrom ꀀwaging ꀀwars ꀀto ꀀautoma:ng ꀀaspects ꀀof ꀀcare, ꀀwhich ꀀ
could ꀀhave ꀀmassive ꀀeffects ꀀon ꀀthe ꀀway ꀀsociety ꀀworks ꀀand ꀀthe ꀀex괠㴀
pecta:ons ꀀof ꀀpeople ꀀabout ꀀtheir ꀀrole ꀀin ꀀsociety.

ELS Issues and their Impact 19
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Horizon ꀀ2020 ꀀbuilds ꀀon ꀀthe ꀀsuccess ꀀof ꀀthe ꀀseventh ꀀ
Framework ꀀProgram ꀀ(FP7) ꀀwhile ꀀacaching ꀀgreater ꀀimpor괠㴀
tance ꀀto ꀀinnova:on ꀀand ꀀwealth ꀀcrea:on ꀀresul:ng ꀀfrom ꀀ
research. ꀀRobo:cs ꀀwill ꀀcon:nue ꀀto ꀀprovide ꀀa ꀀstrategic ꀀfo괠㴀
cus ꀀwithin ꀀHorizon ꀀ2020.

Horizon ꀀ2020 ꀀhas ꀀa ꀀnumber ꀀof ꀀstrategic ꀀobjec:ves. ꀀFor ꀀ
the ꀀrobo:cs ꀀcommunity ꀀthese ꀀcan ꀀbe ꀀdis:lled ꀀinto ꀀthe ꀀfol괠㴀
lowing:

• Strengthen ꀀthe ꀀEU’s ꀀtechnical ꀀand ꀀscien:fic ꀀposi:on.

• Strengthen ꀀindustrial ꀀleadership ꀀin ꀀinnova:on. ꀀThis ꀀ
includes ꀀmajor ꀀinvestment ꀀin ꀀkey ꀀtechnologies, ꀀ
greater ꀀaccess ꀀto ꀀcapital ꀀand ꀀsupport ꀀfor ꀀSMEs.

• Address ꀀmajor ꀀconcerns ꀀshared ꀀby ꀀall ꀀEuropeans ꀀ
such ꀀas; ꀀclimate ꀀchange, ꀀsustainable ꀀtransport, ꀀafford괠㴀
able ꀀrenewable ꀀenergy, ꀀfood ꀀsafety ꀀand ꀀsecurity, ꀀor ꀀ
coping ꀀwith ꀀan ꀀageing ꀀpopula:on.

At ꀀcomple:on ꀀFramework ꀀ7 ꀀdirectly ꀀfunded ꀀsome ꀀ130 ꀀ
robo:cs ꀀbased ꀀR&D&I ꀀprojects ꀀinvolving ꀀaround ꀀ500 ꀀor괠㴀
ganisa:ons ꀀwith ꀀtotal ꀀgrants ꀀof ꀀsome ꀀ€536 ꀀmillion. ꀀOther ꀀ
funding ꀀwith ꀀelements ꀀrelated ꀀto ꀀrobo:cs ꀀamounts ꀀto ꀀ
some ꀀ€170 ꀀmillion.

This ꀀunique ꀀlevel ꀀof ꀀinvestment ꀀhas ꀀyielded ꀀa ꀀvibrant ꀀand ꀀ
ac:ve ꀀresearch ꀀcommunity ꀀwithin ꀀEurope ꀀboth ꀀin ꀀacade괠㴀
mia ꀀand ꀀindustry. ꀀEurope ꀀtherefore ꀀhas ꀀa ꀀstrong ꀀbasis ꀀon ꀀ

20Background: Section 3

Horizon ꀀ2020 ꀀand ꀀ
its ꀀImpact

Horizon ꀀ2020 ꀀis ꀀthe ꀀeighth ꀀEuropean ꀀFramework ꀀ
Program. ꀀ It ꀀ places ꀀ emphasis ꀀ on ꀀ innova$on ꀀ and ꀀ
the ꀀtransfer ꀀof ꀀtechnology ꀀto ꀀthe ꀀmarketplace.
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which ꀀto ꀀinnovate ꀀand ꀀcreate. ꀀThe ꀀfocus ꀀof ꀀHorizon ꀀ2020, ꀀbiased ꀀ
closer ꀀto ꀀthe ꀀmarket ꀀand ꀀencompassing ꀀinnova:on, ꀀwill ꀀhelp ꀀto ꀀ
leverage ꀀthis ꀀadvantage ꀀfor ꀀthe ꀀRobo:cs ꀀcommunity ꀀas ꀀnew ꀀmar괠㴀
kets ꀀand ꀀservice ꀀopportuni:es ꀀare ꀀcreated.

In ꀀpar:cular ꀀthe ꀀmechanisms ꀀfor ꀀpre괠㴀compe::ve ꀀprocurement ꀀ
of ꀀsystems ꀀand ꀀservices ꀀprovide ꀀan ꀀexci:ng ꀀopportunity ꀀto ꀀshow괠㴀
case ꀀthe ꀀpoten:al ꀀof ꀀrobo:cs ꀀtechnology ꀀto ꀀimprove ꀀservice ꀀde괠㴀
livery ꀀand ꀀprovide ꀀa ꀀreal ꀀadvantage.

The ꀀHorizon ꀀ2020 ꀀprogramme ꀀwill ꀀintroduce ꀀa ꀀnumber ꀀof ꀀspecial괠㴀
ised ꀀinstruments ꀀto ꀀpush ꀀinnova:on ꀀcloser ꀀto ꀀmarket ꀀwhile ꀀat ꀀ
the ꀀsame ꀀ:me ꀀs:mulate ꀀdialogue ꀀbetween ꀀacademics, ꀀproducers ꀀ
and ꀀusers ꀀof ꀀrobo:cs ꀀtechnology. ꀀMost ꀀnotable ꀀof ꀀthese ꀀwill ꀀbe ꀀ
Pre괠㴀Commercial ꀀProcurement ꀀ(PcP), ꀀand ꀀthe ꀀPublic ꀀProcurement ꀀ
of ꀀInnova:on ꀀ(PPI) ꀀinstruments. ꀀIn ꀀaddi:on ꀀa ꀀspecialised ꀀPilot ꀀIn괠㴀
stalla:ons ꀀinstrument ꀀwill ꀀbe ꀀcreated ꀀto ꀀenable ꀀlonger ꀀterm ꀀde괠㴀
ployment ꀀof ꀀrobo:cs ꀀsystems ꀀinto ꀀreal ꀀenvironments ꀀto ꀀbe ꀀ
tested. ꀀIn ꀀorder ꀀto ꀀaid ꀀthe ꀀinvolvement ꀀof ꀀSMEs ꀀin ꀀHorizon ꀀ2020 ꀀ
a ꀀdedicated ꀀSME ꀀinstrument ꀀwill ꀀbe ꀀimplemented ꀀthat ꀀfocuses ꀀ
on ꀀthe ꀀstrengths ꀀof ꀀSMEs ꀀin ꀀthe ꀀResearch ꀀDevelopment ꀀand ꀀIn괠㴀
nova:on ꀀprocess. ꀀThis ꀀis ꀀpar:cularly ꀀcri:cal ꀀfor ꀀthe ꀀRobo:cs ꀀ
community ꀀgiven ꀀthe ꀀhigh ꀀdensity ꀀof ꀀSMEs ꀀworking ꀀat ꀀthe ꀀlead괠㴀
ing ꀀedge ꀀof ꀀrobo:cs ꀀtechnology. ꀀThe ꀀsuccess ꀀand ꀀgrowth ꀀof ꀀ
these ꀀcompanies ꀀwill ꀀbe ꀀcri:cal ꀀfor ꀀEurope ꀀto ꀀmeet ꀀits ꀀkey ꀀtar괠㴀
gets.

Horizon 2020 and its Impact 21
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With ꀀthe ꀀcrea:on ꀀof ꀀSPARC ꀀthis ꀀStrategic ꀀResearch ꀀ
Agenda ꀀ(SRA) ꀀtakes ꀀon ꀀan ꀀimportant ꀀrole.

The ꀀSRA ꀀis ꀀdivided ꀀinto ꀀtwo ꀀdis:nctly ꀀdifferent ꀀbut ꀀ
closely ꀀrelated ꀀdocuments, ꀀthis ꀀdocument, ꀀthe ꀀ“Strategic
Research Agenda for Robotics in Europe 2020” ꀀa ꀀhigh ꀀ
level ꀀoverview, ꀀand ꀀ“The European Robotics Roadmap
2020”, ꀀa ꀀtechnically ꀀdetailed ꀀresource ꀀthat ꀀwill ꀀbe ꀀrevised ꀀ
annually ꀀand ꀀis ꀀreferred ꀀto ꀀin ꀀthis ꀀdocument ꀀas ꀀthe ꀀMul:괠㴀
Annual ꀀRoadmap ꀀ(MAR). ꀀThe ꀀrelevance ꀀof ꀀeach ꀀpart ꀀto ꀀ
the ꀀreader ꀀwill ꀀdepend ꀀon ꀀtheir ꀀperspec:ve.

The ꀀroadmap ꀀprovides ꀀboth ꀀdetailed ꀀtechnical ꀀassess괠㴀
ments ꀀof ꀀthe ꀀstate ꀀof ꀀthe ꀀart ꀀand ꀀexpected ꀀtechnical ꀀpro괠㴀
gression, ꀀas ꀀwell ꀀas ꀀinsights ꀀinto ꀀapplica:on ꀀdomains ꀀand ꀀ
innova:on ꀀstrategy. ꀀThe ꀀroadmap ꀀis ꀀavailable ꀀon괠㴀line ꀀand ꀀ
in ꀀoverview ꀀdocuments ꀀavailable ꀀfrom ꀀ
www.eurobo:cs괠㴀project.eu.

The ꀀMul:괠㴀Annual ꀀRoadmap ꀀrelies ꀀon ꀀcontribu:ons ꀀfrom ꀀ
the ꀀEuropean ꀀrobo:cs ꀀcommunity ꀀat ꀀeach ꀀannual ꀀcycle ꀀ
to ꀀensure ꀀthat ꀀit ꀀis ꀀan ꀀaccurate ꀀand ꀀ:mely ꀀreflec:on ꀀof ꀀ
current ꀀknowledge ꀀand ꀀtrends.

22Background: Section 4

Documenta&on ꀀ
Overview

This ꀀ SRA ꀀ provides ꀀ a ꀀ coordinated ꀀ and ꀀ defini$ve ꀀ
view ꀀof ꀀthe ꀀobjec$ves ꀀof ꀀthe ꀀrobo$cs ꀀcommunity ꀀ
in ꀀEurope. ꀀIt ꀀdetails ꀀthe ꀀstrategic ꀀaims ꀀof ꀀSPARC ꀀ
and ꀀ provides ꀀ a ꀀ focus ꀀ for ꀀ the ꀀ objec$ves ꀀ of ꀀ its ꀀ
stakeholders.
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Robo
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3

The ꀀRobot ꀀMarket
The ꀀrobot ꀀmarket ꀀis ꀀevolving ꀀand ꀀdiversify괠㴀
ing. ꀀRobo4cs ꀀtechnology ꀀwill ꀀimpact ꀀa ꀀ
broad ꀀspectrum ꀀof ꀀsectors. ꀀ ꀀEurope ꀀhas ꀀkey ꀀ
strengths ꀀin ꀀthe ꀀglobal ꀀmarket.

Market ꀀDomains
What ꀀare ꀀthe ꀀprimary ꀀmarkets, ꀀwhere ꀀwill ꀀ
robots ꀀbe ꀀused? ꀀWho ꀀare ꀀthe ꀀstakeholders? ꀀ
What ꀀare ꀀthe ꀀvalue ꀀchains?

Robot ꀀCategories
How ꀀcan ꀀrobots ꀀbe ꀀcategorised? ꀀWhat ꀀare ꀀ
the ꀀdifferent ꀀtypes?

Robot ꀀAbilities
The ꀀgeneric ꀀabili4es ꀀof ꀀrobots. ꀀWhat ꀀare ꀀro괠㴀
bots ꀀcapable ꀀof? ꀀHow ꀀwill ꀀabili4es ꀀdevelop?
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From ꀀtoday’s ꀀ€22bn ꀀworldwide ꀀrevenues, ꀀrobo:cs ꀀindus괠㴀
tries ꀀ are ꀀ set ꀀ to ꀀ achieve ꀀ annual ꀀ sales ꀀ of ꀀ between ꀀ€50bn ꀀ
and ꀀ€62bn ꀀby ꀀ2020. ꀀHowever, ꀀthe ꀀmuch ꀀlarger ꀀimpact ꀀof ꀀ
robo:cs ꀀ arises ꀀ from ꀀ the ꀀ effect ꀀ it ꀀ has ꀀ upon ꀀ the ꀀ compe:괠㴀
:veness ꀀof ꀀthe ꀀmanufacturing ꀀand ꀀservice ꀀindustries ꀀthat ꀀ
use ꀀ robo:cs ꀀ systems ꀀ and ꀀ technologies, ꀀ and ꀀ upon ꀀ the ꀀ
quality ꀀof ꀀlife ꀀfor ꀀci:zens. ꀀ

The ꀀ robo:cs ꀀmarketplace ꀀhas ꀀ tradi:onally ꀀ been ꀀdivided ꀀ
into ꀀ two ꀀ areas, ꀀ industrial ꀀ robo:cs ꀀ and ꀀ service ꀀ robo:cs. ꀀ
But ꀀwhen ꀀlooking ꀀforward ꀀto ꀀ2020 ꀀit ꀀis ꀀincreasingly ꀀclear ꀀ
that ꀀthese ꀀdivisions ꀀwill ꀀblur ꀀand ꀀthat ꀀthe ꀀrobo:cs ꀀmarket ꀀ
needs ꀀto ꀀbe ꀀviewed ꀀwith ꀀa ꀀdifferent ꀀperspec:ve. ꀀThe ꀀde괠㴀
velopment ꀀof ꀀsmarter ꀀand ꀀmore ꀀcoopera:ve ꀀindustrial ꀀro괠㴀
bots ꀀ means ꀀ that ꀀ technologies ꀀ are ꀀ shiVing ꀀ from ꀀ the ꀀ so ꀀ
called ꀀservice ꀀsector ꀀto ꀀthe ꀀindustrial, ꀀand ꀀthe ꀀneed ꀀto ꀀde괠㴀
velop ꀀ reliable ꀀ mobile ꀀ planorms ꀀ transpor:ng ꀀ manipula괠㴀
tors ꀀmeans ꀀ that ꀀ industrial ꀀ robot ꀀ arms ꀀ are ꀀ finding ꀀwider ꀀ
markets ꀀ through ꀀdiversifica:on. ꀀ It ꀀ is ꀀ important ꀀ that ꀀ this ꀀ
blurring ꀀ of ꀀ tradi:onal ꀀ dis:nc:ons ꀀ is ꀀ captured ꀀ and ꀀ ex괠㴀
ploited ꀀ by ꀀ the ꀀmul:disciplinary ꀀ nature ꀀ of ꀀ the ꀀ European ꀀ
robo:cs ꀀcommunity.

Europe ꀀhas ꀀa ꀀtechnical ꀀand ꀀcommercial ꀀlead ꀀin ꀀa ꀀnumber ꀀ
of ꀀkey ꀀtechnologies ꀀand ꀀmarkets. ꀀThe ꀀEuropean ꀀCommis괠㴀
sion ꀀrecognises ꀀthe ꀀstrategic ꀀimportance ꀀof ꀀthe ꀀEuropean ꀀ
Robo:cs ꀀmarket ꀀand ꀀthe ꀀneed ꀀto ꀀmaintain ꀀand ꀀwhere ꀀpos괠㴀

25Markets and Robots: Section 1

The ꀀRobot ꀀMarket

The ꀀ size ꀀ of ꀀ the ꀀ robo$cs ꀀ market ꀀ is ꀀ projected ꀀ to ꀀ
grow ꀀ substan$ally ꀀ to ꀀ 2020. ꀀ This ꀀ is ꀀ a ꀀ global ꀀ
market ꀀand ꀀEurope’s ꀀ tradi$onal ꀀcompe$tors ꀀare ꀀ
fully ꀀengaged ꀀ in ꀀexploi$ng ꀀ it. ꀀEurope ꀀhas ꀀa ꀀ32% ꀀ
share ꀀ of ꀀ the ꀀ industrial ꀀ market. ꀀ Growth ꀀ in ꀀ this ꀀ
market ꀀalone ꀀis ꀀes$mated ꀀat ꀀ8%괠㴀9% ꀀper ꀀannum. ꀀ
Predic$ons ꀀ of ꀀ up ꀀ to ꀀ 25% ꀀ annual ꀀ growth ꀀ are ꀀ
made ꀀfor ꀀthe ꀀservice ꀀsector ꀀwhere ꀀEurope ꀀholds ꀀ
a ꀀ63% ꀀshare ꀀof ꀀthe ꀀnon괠㴀military ꀀmarket.
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sible ꀀadvance ꀀthese ꀀ leads ꀀagainst ꀀa ꀀrising ꀀglobal ꀀmarket. ꀀ It ꀀ is ꀀes괠㴀
sen:al ꀀ to ꀀ target ꀀ investment ꀀ in ꀀcore ꀀ research ꀀand ꀀ innova:on ꀀ to ꀀ
strengthen ꀀand ꀀbuild ꀀboth ꀀthe ꀀcommunity ꀀand ꀀthe ꀀmarket.

The ꀀglobal ꀀ reach ꀀof ꀀ the ꀀ robo:cs ꀀmarket ꀀand ꀀ its ꀀstrategic ꀀ impor괠㴀
tance ꀀmean ꀀthat ꀀit ꀀhas ꀀthe ꀀpoten:al ꀀto ꀀcreate ꀀsustained ꀀgrowth ꀀ
and ꀀopportunity ꀀwithin ꀀEurope. ꀀFailing ꀀto ꀀtake ꀀthe ꀀini:a:ve ꀀwill ꀀ
have ꀀa ꀀsignificant ꀀnega:ve ꀀimpact ꀀover ꀀthe ꀀcoming ꀀdecades.

The ꀀdiversifica:on ꀀof ꀀthe ꀀrobo:cs ꀀmarket ꀀthat ꀀis ꀀtaking ꀀplace ꀀre괠㴀
quires ꀀ a ꀀnew ꀀmeans ꀀof ꀀ analysing ꀀ the ꀀmarket ꀀ space. ꀀKey ꀀ to ꀀ the ꀀ
func:oning ꀀ of ꀀ the ꀀ SRA ꀀ is ꀀ its ꀀ ability ꀀ to ꀀ link ꀀ end ꀀ user ꀀ products, ꀀ
services ꀀ and ꀀ business ꀀ models ꀀ to ꀀ the ꀀ underlying ꀀ technologies ꀀ
needed ꀀ in ꀀ the ꀀcrea:on ꀀof ꀀen:rely ꀀnew ꀀmarkets. ꀀThese ꀀ linkages ꀀ
are ꀀ paramount ꀀ to ꀀ the ꀀ alloca:on ꀀ of ꀀ research ꀀ resources ꀀ and ꀀ the ꀀ
maximising ꀀof ꀀinvestment ꀀimpact ꀀin ꀀthe ꀀmarket.

The ꀀdiverse ꀀ range ꀀof ꀀ applica:ons ꀀmeans ꀀ that ꀀ a ꀀbroad ꀀ range ꀀof ꀀ
exis:ng ꀀindustries ꀀwill ꀀbe ꀀrevolu:onised ꀀby ꀀrobo:cs ꀀtechnology. ꀀ
In ꀀall ꀀthese ꀀapplica:ons ꀀthe ꀀmain ꀀbenefits ꀀcome ꀀfrom ꀀimproved ꀀ
efficiency ꀀ and ꀀ increased ꀀ interac:on ꀀ and ꀀ coopera:on ꀀ between ꀀ
robots ꀀ and ꀀ people. ꀀ To ꀀ deliver ꀀ this ꀀ technology ꀀ safely ꀀ and ꀀ effec괠㴀
:vely ꀀwill ꀀ require ꀀa ꀀwell ꀀ focused ꀀR&D&I ꀀstrategy ꀀwhich ꀀSPARC ꀀ
aims ꀀto ꀀprovide.

The Robot Market 26
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In ꀀorder ꀀto ꀀillustrate ꀀthis ꀀbreadth ꀀthe ꀀpoten:al ꀀmarkets ꀀ
for ꀀrobo:cs ꀀtechnology ꀀhave ꀀbeen ꀀiden:fied ꀀand ꀀclassi괠㴀
fied ꀀaccording ꀀto ꀀdifferent ꀀtypes ꀀof ꀀmarket. ꀀThese ꀀare ꀀdi괠㴀
vided ꀀinto ꀀMarket ꀀDomains ꀀwhere ꀀrobots ꀀor ꀀrobo:cs ꀀ
technology ꀀwill ꀀtransform ꀀwell ꀀestablished ꀀmarkets; ꀀand ꀀ
different ꀀRobot ꀀMarkets ꀀcategorising ꀀproducers ꀀof ꀀrobots ꀀ
or ꀀrobot ꀀtechnology. ꀀ

The ꀀrobo:cs ꀀmarket ꀀis ꀀnot ꀀonly ꀀcomposed ꀀof ꀀend ꀀuser ꀀap괠㴀
plica:ons ꀀand ꀀrobot ꀀtechnology ꀀsuppliers ꀀbut ꀀalso ꀀof ꀀserv괠㴀
ice ꀀand ꀀsupply ꀀchains ꀀwhich ꀀadd ꀀvalue. ꀀThe ꀀearly ꀀstage ꀀna괠㴀
ture ꀀof ꀀthe ꀀrobo:cs ꀀmarket ꀀmeans ꀀthat ꀀthese ꀀare ꀀnot ꀀyet ꀀ
fully ꀀdeveloped.

In ꀀall ꀀof ꀀthese ꀀmarkets ꀀthe ꀀkey ꀀstakeholders ꀀneed ꀀto ꀀbe ꀀ
iden:fied ꀀand ꀀthe ꀀvalue ꀀand ꀀsupply ꀀchains ꀀanalysed ꀀto ꀀen괠㴀
sure ꀀthat ꀀthe ꀀR&D&I ꀀstrategy ꀀmaximises ꀀits ꀀmarket ꀀim괠㴀
pact.

Market ꀀDomains
Robo:cs ꀀtechnology ꀀwill ꀀbe ꀀdelivered ꀀinto ꀀa ꀀwide ꀀrange ꀀ
of ꀀend ꀀuser ꀀmarket ꀀdomains. ꀀAs ꀀa ꀀresult ꀀmany ꀀof ꀀthese ꀀ
markets ꀀwill ꀀundergo ꀀsignificant ꀀtransforma:on. ꀀThese ꀀ
transforma:ons ꀀwill ꀀtake ꀀplace ꀀover ꀀdifferent ꀀ:me ꀀscales ꀀ
as ꀀthe ꀀdeployability ꀀof ꀀrobo:cs ꀀtechnology ꀀimproves ꀀin ꀀ
each ꀀdomain.

27Markets and Robots: Section 2

Market ꀀDomains

Robots ꀀ will ꀀ eventually ꀀ pervade ꀀ all ꀀ areas ꀀ of ꀀ
ac$vity, ꀀ from ꀀ educa$on ꀀ and ꀀ healthcare ꀀ to ꀀ
environmental ꀀ monitoring ꀀ and ꀀ medicine. ꀀ The ꀀ
broad ꀀ spread ꀀ of ꀀ the ꀀ future ꀀ impact ꀀ of ꀀ robo$cs ꀀ
technology ꀀshould ꀀnot ꀀbe ꀀunderes$mated.
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The ꀀmarket ꀀdo괠㴀
mains ꀀcan ꀀalso ꀀbe ꀀ
categorised ꀀwith ꀀre괠㴀
gard ꀀto ꀀtheir ꀀspe괠㴀
cific ꀀbusiness ꀀ
modes, ꀀthe ꀀmeans ꀀ
of ꀀdeployment, ꀀthe ꀀ
level ꀀand ꀀtype ꀀof ꀀ
risk ꀀand ꀀthe ꀀlegal ꀀ
and ꀀsocial ꀀinfra괠㴀
structures ꀀthat ꀀare ꀀ
impacted.

The ꀀmarket ꀀdo괠㴀
mains ꀀcan ꀀbe ꀀclus괠㴀
tered ꀀinto ꀀthe ꀀfol괠㴀
lowing ꀀhigh ꀀlevel ꀀ
categories;
• Consumer ꀀRo괠㴀

bots,

• Civil ꀀRobots,

• Commercial ꀀRobots,

• Logis:cs ꀀand ꀀTransport ꀀRobots,

• Military ꀀRobots.

These ꀀhigh ꀀlevel ꀀdomain ꀀcategories ꀀcan ꀀalso ꀀbe ꀀseen ꀀas ꀀencapsu괠㴀
la:ng ꀀdifferent ꀀbusiness ꀀmodes, ꀀBusiness ꀀto ꀀCustomer ꀀ(B2C), ꀀ
Business ꀀto ꀀBusiness ꀀ(B2B), ꀀBusiness ꀀto ꀀGovernment ꀀ(B2G) ꀀand ꀀ
service ꀀdelivery

Under ꀀeach ꀀof ꀀ
these ꀀhigh ꀀlevel ꀀ
domain ꀀcatego괠㴀
ries ꀀare ꀀcollec괠㴀
:ons ꀀof ꀀindivid괠㴀
ual ꀀsub괠㴀
domains ꀀthat ꀀ
characterise ꀀ
the ꀀmarket. ꀀ
These ꀀare ꀀpre괠㴀
sented ꀀin ꀀdetail ꀀ
in ꀀthe ꀀMul:괠㴀
Annual ꀀRoad괠㴀
map ꀀdocument.

From ꀀwithin ꀀ
these ꀀhigh ꀀlevel ꀀ
groups ꀀspecific ꀀ
markets ꀀhave ꀀ
been ꀀiden:fied ꀀ
where ꀀwhere ꀀ

there ꀀis ꀀalready ꀀstrong ꀀearly ꀀmarket ꀀdevelopment ꀀand ꀀconsider괠㴀
able ꀀfuture ꀀpoten:al. ꀀThese ꀀareas ꀀare ꀀlikely ꀀto ꀀcreate ꀀsignificant ꀀ
growth ꀀand ꀀprovide ꀀstrong ꀀopportuni:es ꀀfor ꀀnear ꀀmarket ꀀac:vi괠㴀
:es ꀀand ꀀtechnology ꀀtransfer;
• Manufacturing,

• Healthcare,

• Agriculture.

Market Domains 28
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Robot ꀀMarkets
In ꀀaddi:on ꀀto ꀀthe ꀀmarket ꀀdomains ꀀthere ꀀare ꀀrobot ꀀmarkets. ꀀThe ꀀ
robot ꀀmarkets ꀀcan ꀀbe ꀀcategorised ꀀaccording ꀀto ꀀthe ꀀfollowing ꀀ
categories, ꀀeach ꀀof ꀀthese ꀀcut ꀀacross ꀀthe ꀀdifferent ꀀend ꀀuser ꀀmar괠㴀
kets;
• robot ꀀsystems,

• robot ꀀtechnologies,

• robot ꀀservices.

These ꀀare ꀀproduct ꀀcentric ꀀmarkets ꀀconcentra:ng ꀀon ꀀthe ꀀsale ꀀand ꀀ
deployment ꀀof ꀀspecific ꀀtypes ꀀof ꀀrobot, ꀀtechnology ꀀor ꀀservice. ꀀFor ꀀ
example ꀀthe ꀀproduc:on ꀀof ꀀmarine ꀀrobots, ꀀor ꀀindustrial ꀀrobot ꀀ
arms, ꀀor ꀀspecific ꀀaspects ꀀof ꀀrobo:cs ꀀtechnology ꀀsuch ꀀas ꀀactua괠㴀
tors, ꀀor ꀀsensors.

Under ꀀeach ꀀof ꀀthese ꀀrobot ꀀmarket ꀀcategories ꀀare ꀀa ꀀwide ꀀrange ꀀof ꀀ
different ꀀtypes ꀀof ꀀproducer ꀀand ꀀthese ꀀare ꀀpresented ꀀin ꀀmore ꀀde괠㴀
tail ꀀin ꀀthe ꀀMul:괠㴀Annual ꀀRoadmap ꀀdocument.

Value ꀀChains
There ꀀare ꀀmany ꀀdiverse ꀀvalue ꀀchains ꀀopera:ng ꀀin ꀀthe ꀀrobo:cs ꀀ
market ꀀplace. ꀀIden:fying ꀀthem ꀀand ꀀensuring ꀀthat ꀀthey ꀀare ꀀrecog괠㴀
nised ꀀand ꀀsupported ꀀwill ꀀbe ꀀa ꀀkey ꀀtask ꀀfor ꀀSPARC.

In ꀀaddi:on ꀀto ꀀthe ꀀvalue ꀀchains ꀀbased ꀀon ꀀmodule ꀀand ꀀcomponent ꀀ
supply ꀀservice ꀀsector ꀀvalue ꀀchains ꀀwill ꀀemerge ꀀto ꀀsupport ꀀthe ꀀ
growing ꀀindustry, ꀀthese ꀀwill ꀀbe ꀀcharacterised ꀀby ꀀproviding ꀀboth ꀀ
non괠㴀technical ꀀand ꀀtechnical ꀀservices. ꀀ

Cri:cal ꀀto ꀀthe ꀀdevelopment ꀀof ꀀall ꀀthese ꀀvalue ꀀchains ꀀwill ꀀbe ꀀthe ꀀ
role ꀀof ꀀSMEs ꀀand ꀀtheir ꀀability ꀀto ꀀcreate ꀀtechnology ꀀtransfer ꀀop괠㴀

portuni:es. ꀀThis ꀀtechnology ꀀtransfer, ꀀeither ꀀin ꀀterms ꀀof ꀀlicensing ꀀ
or ꀀmodular ꀀdelivery ꀀwill ꀀbe ꀀa ꀀkey ꀀelement ꀀin ꀀthe ꀀwealth ꀀcrea:on ꀀ
process ꀀacross ꀀthe ꀀvalue ꀀchain ꀀthat ꀀderives ꀀfrom ꀀthe ꀀinvestment ꀀ
in ꀀrobo:cs.

There ꀀare ꀀkey ꀀpoints ꀀwhere ꀀvalue ꀀis ꀀadded ꀀinto ꀀthe ꀀchain:
• In ꀀtechnology ꀀtransfer ꀀfrom ꀀresearch ꀀto ꀀindustry.

• In ꀀtechnology ꀀdelivery ꀀbusiness ꀀto ꀀbusiness ꀀthrough ꀀcompo괠㴀
nent ꀀand ꀀservice ꀀsupply.

• Through ꀀmanufacturing ꀀrobots ꀀand ꀀsystems ꀀfrom ꀀcompo괠㴀
nents.

• Through ꀀfinancial, ꀀeduca:onal, ꀀmaintenance ꀀservices ꀀdeliv괠㴀
ered ꀀthrough ꀀsystem ꀀdeployment.

• Through ꀀsystem ꀀintegra:on ꀀand ꀀadapta:on ꀀin ꀀdifferent ꀀmar괠㴀
ket ꀀdomains.

• Through ꀀproduct ꀀdelivery ꀀto ꀀthe ꀀmarket.

• Through ꀀservice ꀀdelivery ꀀto ꀀthe ꀀmarket.

Key ꀀStakeholders
The ꀀdiverse ꀀnature ꀀof ꀀthe ꀀrobo:cs ꀀindustry ꀀleads ꀀto ꀀa ꀀwide ꀀrange ꀀ
of ꀀstakeholders ꀀboth ꀀinside ꀀand ꀀoutside ꀀof ꀀthe ꀀrobo:cs ꀀcommu괠㴀
nity. ꀀThe ꀀdevelopments ꀀexpected ꀀin ꀀthe ꀀcoming ꀀdecade ꀀwill ꀀim괠㴀
pact ꀀon ꀀEuropean ꀀci:zens ꀀin ꀀmany ꀀareas ꀀof ꀀwork ꀀand ꀀhome ꀀlife ꀀ
and ꀀwill ꀀcreate ꀀa ꀀwide ꀀrange ꀀof ꀀdifferent ꀀstakeholders. ꀀStakehold괠㴀
ers ꀀcan ꀀbe ꀀcategorised ꀀinto ꀀthe ꀀfollowing ꀀgroups;
• industry ꀀand ꀀservice ꀀorganisa:ons,

• research ꀀorganisa:ons,

• end ꀀusers, ꀀboth ꀀcommercial ꀀand ꀀconsumer,

Market Domains 29
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• government ꀀand ꀀpolicy ꀀmakers,

• key ꀀrepresenta:ves ꀀand ꀀopinion ꀀleaders ꀀwithin ꀀcivil ꀀsociety,

• financial ꀀins:tu:ons.

SPARC ꀀwill ꀀengage ꀀwith ꀀthese ꀀdifferent ꀀstakeholder ꀀgroups ꀀin ꀀor괠㴀
der ꀀto ꀀunderstand ꀀtheir ꀀperspec:ves ꀀon ꀀrobo:cs ꀀtechnology ꀀ
such ꀀthat ꀀbarriers ꀀto ꀀmarket ꀀare ꀀreduced ꀀand ꀀappropriate ꀀcom괠㴀
munica:ons ꀀare ꀀestablished ꀀto ꀀenable ꀀconstruc:ve ꀀdialogue.

Market Domains 30
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Markets

Manufacturing
Manufacturing ꀀhas ꀀalways ꀀbeen ꀀthe ꀀmainstay ꀀof ꀀrobo:cs ꀀappli괠㴀
ca:on. ꀀRobots ꀀhave ꀀtradi:onally ꀀbeen ꀀapplied ꀀto ꀀlarge ꀀscale ꀀ
volume ꀀmanufacturing ꀀin ꀀthe ꀀautomo:ve, ꀀelectronics, ꀀaero괠㴀
space ꀀand ꀀwhite ꀀgoods ꀀdomains. ꀀThese ꀀremain ꀀstrong ꀀmarkets ꀀ
and ꀀthe ꀀdrivers ꀀof ꀀincremental ꀀgrowth. ꀀEurope ꀀcurrently ꀀsup괠㴀
plies ꀀover ꀀ40% ꀀof ꀀthe ꀀworld’s ꀀindustrial ꀀrobots ꀀand ꀀit ꀀis ꀀimpor괠㴀
tant ꀀthat ꀀthis ꀀposi:on ꀀis ꀀmaintained.

New ꀀsmarter ꀀrobo:c ꀀsystems ꀀthat ꀀcan ꀀbe ꀀdeployed ꀀin ꀀSME ꀀ
manufacturing ꀀand ꀀin ꀀlower ꀀvolume ꀀproduc:on ꀀare ꀀbeginning ꀀ
to ꀀemerge. ꀀEurope ꀀhas ꀀkey ꀀtechnology ꀀin ꀀthese ꀀareas ꀀthat ꀀ
must ꀀbe ꀀtransferred ꀀto ꀀmarket ꀀto ꀀgain ꀀa ꀀcompe::ve ꀀedge ꀀin ꀀ
these ꀀnew ꀀemerging ꀀmarkets. ꀀFurther ꀀimpact ꀀon ꀀthe ꀀmanufac괠㴀
turing ꀀsector ꀀis ꀀalso ꀀa ꀀkey ꀀelement ꀀin ꀀachieving ꀀthe ꀀwider ꀀEuro괠㴀
pean ꀀChallenges ꀀconcerned ꀀwith ꀀincreasing ꀀemployment ꀀand ꀀ
the ꀀmanagement ꀀof ꀀresources.

Healthcare
The ꀀuse ꀀof ꀀrobo:cs ꀀtechnology ꀀin ꀀhealthcare ꀀalready ꀀhas ꀀa ꀀdi괠㴀
rect ꀀimpact ꀀon ꀀthe ꀀdelivery ꀀof ꀀspecific ꀀservices, ꀀthis ꀀimpact ꀀ
will ꀀexpand ꀀin ꀀthe ꀀcoming ꀀdecade. ꀀEurope ꀀhas ꀀconsiderable ꀀ
exper:se ꀀin ꀀthe ꀀapplica:on ꀀof ꀀrobo:cs ꀀtechnology ꀀin ꀀthis ꀀsec괠㴀
tor. ꀀThe ꀀglobal ꀀmarket ꀀin ꀀtele괠㴀operated ꀀsurgical ꀀrobots ꀀhas ꀀ
grown ꀀrapidly ꀀin ꀀthe ꀀlast ꀀ5 ꀀyears. ꀀOpportuni:es ꀀin ꀀrehabilita괠㴀
:on ꀀand ꀀhospital ꀀlogis:cs ꀀexist ꀀthat ꀀcan ꀀbe ꀀiden:fied ꀀhas ꀀhav괠㴀
ing ꀀa ꀀdirect ꀀcost ꀀsaving ꀀimpact. ꀀEurope’s ꀀreliance ꀀon ꀀthe ꀀpublic ꀀ
procurement ꀀof ꀀhealthcare ꀀprovides ꀀmany ꀀadvantages ꀀto ꀀde괠㴀
velop ꀀand ꀀdeploy ꀀsystems ꀀthrough ꀀnear ꀀmarket ꀀac:vi:es. ꀀ
Europe ꀀhas ꀀnumerous ꀀglobal ꀀhealthcare ꀀequipment ꀀsuppliers ꀀ
and ꀀthere ꀀis ꀀa ꀀsignificant ꀀopportunity ꀀto ꀀgear ꀀup ꀀthe ꀀapplica괠㴀
:on ꀀof ꀀrobo:cs ꀀtechnology.

Robo:cs ꀀtechnology ꀀalso ꀀhas ꀀsignificant ꀀpoten:al ꀀto ꀀimpact ꀀ
on ꀀthe ꀀEuropean ꀀSocietal ꀀChallenges ꀀconcerned ꀀwith ꀀthe ꀀage괠㴀
ing ꀀsociety, ꀀimproving ꀀhealth ꀀand ꀀwellbeing.

Markets
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Markets

Agriculture
Agriculture ꀀis ꀀan ꀀimportant ꀀpart ꀀof ꀀthe ꀀEuropean ꀀeconomy. ꀀ
The ꀀuse ꀀof ꀀrobo:cs ꀀtechnology ꀀin ꀀagriculture ꀀhas ꀀbeen ꀀgrow괠㴀
ing ꀀsteadily ꀀfor ꀀsome ꀀ:me. ꀀThe ꀀextensive ꀀdeployment ꀀof ꀀmilk괠㴀
ing ꀀrobots ꀀhas ꀀawakened ꀀthe ꀀagricultural ꀀcommunity ꀀto ꀀthe ꀀ
wider ꀀopportuni:es ꀀoffered ꀀby ꀀrobo:cs ꀀtechnology. ꀀA ꀀwide ꀀ
range ꀀof ꀀapplica:on ꀀareas ꀀare ꀀcurrently ꀀunder ꀀconsidera:on ꀀ
from ꀀcrop ꀀmonitoring ꀀto ꀀlivestock ꀀmanagement ꀀand ꀀharvest괠㴀
ing. ꀀThe ꀀimpact ꀀon ꀀefficiency, ꀀyield ꀀand ꀀenvironmental ꀀman괠㴀
agement ꀀare ꀀcompelling ꀀin ꀀmany ꀀareas ꀀof ꀀthe ꀀagricultural ꀀsec괠㴀
tor.

Promo:on ꀀof ꀀthis ꀀarea ꀀof ꀀapplica:on ꀀprovides ꀀan ꀀopportunity ꀀ
to ꀀdeploy ꀀlarge ꀀscale ꀀsystems ꀀin ꀀreal ꀀenvironments ꀀwhere ꀀthe ꀀ
outcomes ꀀhave ꀀthe ꀀpoten:al ꀀto ꀀimpact ꀀon ꀀa ꀀwide ꀀrange ꀀof ꀀre괠㴀
lated ꀀend ꀀuser ꀀmarkets. ꀀThe ꀀagricultural ꀀsector, ꀀincluding ꀀfor괠㴀
estry ꀀand ꀀfisheries, ꀀalso ꀀimpacts ꀀacross ꀀthe ꀀEuropean ꀀSocietal ꀀ
Challenges ꀀcovering ꀀfood ꀀsecurity, ꀀsustainability ꀀand ꀀthe ꀀenvi괠㴀
ronment.

Civil ꀀRobots
This ꀀhigh ꀀlevel ꀀdomain ꀀcovers ꀀthe ꀀuse ꀀof ꀀrobots ꀀwithin ꀀgovern괠㴀
ment ꀀand ꀀpublic ꀀagencies ꀀ(B2G) ꀀfor ꀀexample, ꀀcivil ꀀinfrastruc괠㴀
ture, ꀀsearch ꀀand ꀀrescue, ꀀenvironment, ꀀlaw ꀀenforcement, ꀀemer괠㴀
gency ꀀservices, ꀀand ꀀscience ꀀsupport. ꀀ

These ꀀapplica:on ꀀareas ꀀare ꀀtypically ꀀmanaged ꀀby ꀀcivil ꀀauthori괠㴀
:es ꀀand ꀀthe ꀀrobot ꀀsystems ꀀwould ꀀbe ꀀoperated ꀀby ꀀregional ꀀand ꀀ
na:onal ꀀservices ꀀor ꀀby ꀀcontractors ꀀengaged ꀀto ꀀdo ꀀso. ꀀThey ꀀ
will ꀀbe ꀀoperated ꀀby ꀀtrained ꀀpersonnel ꀀand ꀀmay ꀀbe ꀀopera:ng ꀀ
in ꀀhazardous ꀀor ꀀextreme ꀀenvironments ꀀwhere ꀀpeople ꀀmay ꀀbe ꀀ
at ꀀrisk. ꀀ

Applica:ons ꀀin ꀀthis ꀀhigh ꀀlevel ꀀdomain ꀀrange ꀀfrom ꀀthe ꀀmonitor괠㴀
ing ꀀand ꀀmaintenance ꀀof ꀀwater, ꀀsewerage, ꀀand ꀀgas ꀀpipelines; ꀀ
electricity ꀀnetworks, ꀀrivers ꀀand ꀀharbours ꀀto ꀀemergency ꀀdisas괠㴀
ter ꀀrecovery ꀀand ꀀcivil ꀀsecurity ꀀapplica:ons.

Markets
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Markets

Commercial ꀀRobots
Robots ꀀplay ꀀa ꀀvital ꀀrole ꀀin ꀀthe ꀀproduc:on ꀀof ꀀgoods ꀀand ꀀserv괠㴀
ices ꀀin ꀀcommercial ꀀorganisa:ons. ꀀOther ꀀhigh ꀀlevel ꀀdomains ꀀ
such ꀀas ꀀmanufacturing ꀀand ꀀagriculture ꀀare ꀀclosely ꀀrelated. ꀀThe ꀀ
poten:al ꀀfor ꀀusing ꀀrobo:cs ꀀtechnology ꀀin ꀀthis ꀀBusiness ꀀto ꀀ
Business ꀀ(B2B) ꀀdomain ꀀrange ꀀfrom ꀀmining ꀀand ꀀminerals, ꀀto ꀀap괠㴀
plica:ons ꀀin ꀀthe ꀀservice ꀀand ꀀu:lity ꀀsector ꀀthrough ꀀto ꀀconstruc괠㴀
:on ꀀand ꀀdemoli:on, ꀀand ꀀretail ꀀmarke:ng.

These ꀀRobots ꀀwork ꀀas ꀀpart ꀀof ꀀa ꀀcommercial ꀀprocess ꀀso ꀀcost ꀀ
effec:ve ꀀperformance, ꀀreliability, ꀀand ꀀease ꀀof ꀀuse ꀀare ꀀimpor괠㴀
tant ꀀsystem ꀀacributes. ꀀThese ꀀrobots ꀀwill ꀀalso ꀀbe ꀀapplied ꀀto ꀀ
service ꀀfunc:ons ꀀwithin ꀀa ꀀcommercial ꀀorganisa:on. ꀀThey ꀀwill ꀀ
be ꀀoperated ꀀby ꀀtrained ꀀpersonnel, ꀀopera:ng ꀀwith ꀀor ꀀin ꀀcoop괠㴀
era:on ꀀwith ꀀpeople ꀀin ꀀa ꀀwork ꀀenvironment.

Poten:al ꀀapplica:ons ꀀrange ꀀfrom ꀀundersea ꀀmining ꀀto ꀀthe ꀀuse ꀀ
of ꀀrobots ꀀin ꀀthe ꀀconstruc:on ꀀof ꀀbuildings ꀀor ꀀin ꀀadver:sing.

LogisKcs ꀀand ꀀTransport
A ꀀspecial ꀀsector ꀀhighlighted ꀀbecause ꀀof ꀀits ꀀkey ꀀopportuni:es ꀀ
for ꀀEurope ꀀcovering ꀀthe ꀀfollowing ꀀareas: ꀀtransporta:on ꀀof ꀀ
goods, ꀀtransporta:on ꀀof ꀀpeople, ꀀlogis:cs ꀀand ꀀwarehousing.

Autonomous ꀀand ꀀsemi괠㴀autonomous ꀀrobots ꀀopera:ng ꀀwithin ꀀ
both ꀀpublic ꀀand ꀀprivate ꀀtransport ꀀinfrastructures, ꀀcarrying ꀀpeo괠㴀
ple ꀀand/or ꀀgoods. ꀀRobots ꀀopera:ng ꀀin ꀀwarehouses ꀀand ꀀinter괠㴀
facing ꀀwith ꀀwide ꀀarea ꀀtransport ꀀinfrastructures, ꀀor ꀀother ꀀinter괠㴀
nal ꀀtransport ꀀsystems.

Within ꀀthe ꀀpublic ꀀinfrastructure ꀀthese ꀀrobots ꀀwill ꀀbe ꀀgoverned ꀀ
by ꀀtransport ꀀrelated ꀀlegisla:on ꀀand ꀀapprovals, ꀀwhich ꀀwill ꀀneed ꀀ
to ꀀbe ꀀextended ꀀto ꀀcover ꀀautonomous ꀀand ꀀpar:ally ꀀautono괠㴀
mous ꀀvehicles.

Markets
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Markets

Consumer ꀀRobots
People ꀀwill ꀀno:ce ꀀrobots ꀀwhen ꀀthey ꀀstart ꀀto ꀀimpact ꀀon ꀀevery괠㴀
day ꀀlife. ꀀAt ꀀhome ꀀrobot ꀀvacuum ꀀcleaners, ꀀpool ꀀcleaners ꀀand ꀀ
lawn ꀀmowers ꀀare ꀀreadily ꀀavailable. ꀀThe ꀀopportunity ꀀfor ꀀcon괠㴀
sumer ꀀrobots ꀀextends ꀀbeyond ꀀthese ꀀearly ꀀapplica:ons ꀀcover괠㴀
ing ꀀother ꀀdomes:c ꀀapplica:ons, ꀀentertainment, ꀀeduca:on, ꀀ
monitoring ꀀand ꀀsecurity, ꀀand ꀀassis:ve ꀀliving. ꀀThe ꀀpoten:al ꀀfor ꀀ
growth ꀀin ꀀthis ꀀconsumer ꀀsector ꀀ(B2C) ꀀ ꀀis ꀀregarded ꀀas ꀀvery ꀀhigh ꀀ
and ꀀEurope ꀀis ꀀwell ꀀplaced ꀀwith ꀀglobal ꀀcompanies ꀀto ꀀexploit ꀀ
this ꀀemerging ꀀmarket.

These ꀀrobots ꀀwill ꀀbe ꀀbought ꀀor ꀀleased ꀀand ꀀused ꀀto ꀀprovide ꀀ
services ꀀto ꀀindividuals. ꀀThey ꀀwill ꀀbe ꀀoperated ꀀby, ꀀor ꀀinteract ꀀ
with, ꀀuntrained, ꀀor ꀀminimally ꀀtrained ꀀpeople ꀀin ꀀeveryday ꀀenvi괠㴀
ronments. ꀀApplica:ons ꀀrange ꀀfrom ꀀhelping ꀀthe ꀀelderly ꀀstay ꀀ
safely ꀀmobile ꀀin ꀀtheir ꀀown ꀀhomes ꀀto ꀀthe ꀀautoma:on ꀀof ꀀevery괠㴀
day ꀀhousehold ꀀchores ꀀand ꀀthe ꀀprovision ꀀof ꀀremote ꀀmonitoring ꀀ
and ꀀsecurity ꀀfor ꀀthe ꀀhome. ꀀ

Military ꀀRobots
Robots ꀀopera:ng ꀀon ꀀbehalf ꀀof ꀀthe ꀀmilitary ꀀcontrolled ꀀby ꀀthe ꀀ
military ꀀinfrastructure ꀀand ꀀlegal ꀀsystems.

It ꀀshould ꀀbe ꀀnoted ꀀthat ꀀthis ꀀcategory ꀀexists ꀀmainly ꀀfor ꀀcom괠㴀
pleteness ꀀand ꀀacknowledges ꀀthe ꀀlarge ꀀamount ꀀof ꀀdevelop괠㴀
ment ꀀand ꀀdeployment ꀀcarried ꀀout ꀀin ꀀthis ꀀarea. ꀀHowever, ꀀit ꀀis ꀀ
not ꀀintended ꀀthat ꀀprogrammes ꀀdeveloped ꀀunder ꀀSPARC ꀀor ꀀ
Horizon ꀀ2020 ꀀwill ꀀspecifically ꀀaddress ꀀthis ꀀarea. ꀀIt ꀀis ꀀrecog괠㴀
nised ꀀthat ꀀtechnology ꀀtransfer ꀀopportuni:es ꀀexist ꀀfrom ꀀthe ꀀ
military ꀀsector ꀀinto ꀀthe ꀀcivilian ꀀdomain.

Markets



SPARC
The$Partnership$for$
Robo1cs$in$Europe

Str
ate

gic
 ꀀ

Res
ear

ch ꀀ

Ag
end

a

For
 ꀀRo

bo3
cs ꀀi

n ꀀE
uro

pe

201
4괠㴀2

020

It ꀀis ꀀnot ꀀpossible ꀀto ꀀlist ꀀall ꀀthe ꀀdifferent ꀀtypes ꀀof ꀀrobot, ꀀor ꀀ
the ꀀdifferent ꀀtasks ꀀthat ꀀthey ꀀcan ꀀdo. ꀀMany ꀀof ꀀthe ꀀkey ꀀap괠㴀
plica:ons ꀀand ꀀmarkets ꀀthat ꀀwill ꀀdominate ꀀrobo:cs ꀀhave ꀀ
yet ꀀto ꀀbe ꀀestablished. ꀀIt ꀀis ꀀnot ꀀthe ꀀpurpose ꀀof ꀀthis ꀀstrate괠㴀
gic ꀀresearch ꀀagenda ꀀnor ꀀof ꀀthe ꀀroadmap ꀀto ꀀacempt ꀀto ꀀ
predict ꀀindividual ꀀproducts. ꀀInstead ꀀa ꀀclassifica:on ꀀmust ꀀ
be ꀀadopted ꀀthat ꀀcaptures ꀀthe ꀀessence ꀀof ꀀthe ꀀsimilari:es ꀀ
between ꀀrobots. ꀀThis ꀀclassifica:on ꀀscheme ꀀallows ꀀfor ꀀthe ꀀ
possibility ꀀof ꀀnew ꀀforms ꀀof ꀀrobot ꀀand ꀀtasks. ꀀThese ꀀare ꀀcer괠㴀
tain ꀀto ꀀappear ꀀas ꀀrobo:cs ꀀtechnology ꀀbecomes ꀀmore ꀀper괠㴀
vasive. ꀀCrucially ꀀthe ꀀclassifica:on ꀀscheme ꀀmust ꀀalso ꀀpro괠㴀
vide ꀀthe ꀀpossibility ꀀof ꀀlinking ꀀeach ꀀcharacteris:c ꀀto ꀀthe ꀀ
implementa:on ꀀtechnologies ꀀthat ꀀmust ꀀbe ꀀdeveloped ꀀto ꀀ
realise ꀀit. ꀀThrough ꀀthis ꀀlinkage ꀀthe ꀀimpact ꀀof ꀀtechnology ꀀ
development ꀀon ꀀclasses ꀀof ꀀrobot ꀀcan ꀀbe ꀀmapped ꀀand ꀀthe ꀀ
consequen:al ꀀimpact ꀀon ꀀdomains ꀀassessed.

There ꀀare ꀀfour ꀀbasic ꀀcharacteris:cs ꀀof ꀀrobots ꀀthat ꀀdis:n괠㴀
guish ꀀthem:

• Where ꀀthey ꀀwork.

• How ꀀthey ꀀinteract ꀀand ꀀcollaborate ꀀwith ꀀusers.

• Their ꀀphysical ꀀformat.

• The ꀀprimary ꀀfunc:on ꀀthey ꀀperform.

Any ꀀpar:cular ꀀrobot ꀀcan ꀀthen ꀀbe ꀀcharacterised ꀀaccording ꀀ
to ꀀthese ꀀgeneric ꀀcharacteris:cs ꀀand ꀀthe ꀀindividual ꀀcharac괠㴀

35Markets and Robots: Section 4

Robot ꀀCategories

Robots ꀀcan ꀀbe ꀀcategorised ꀀin ꀀnumerous ꀀdifferent ꀀ
ways ꀀ but ꀀ there ꀀ are ꀀ four ꀀ key ꀀ factors ꀀ that ꀀ
dis$nguish ꀀ them. ꀀThese ꀀdifferent ꀀcharacteris$cs ꀀ
also ꀀmark ꀀout ꀀpoten$al ꀀrobot ꀀmarkets ꀀthat ꀀspan ꀀ
the ꀀdomains. ꀀ
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teris:cs ꀀcan ꀀbe ꀀlinked ꀀto ꀀsets ꀀof ꀀimplementa:on ꀀtechnologies. ꀀ
By ꀀthis ꀀprocess ꀀit ꀀis ꀀpossible ꀀto ꀀconnect ꀀthe ꀀdesign ꀀof ꀀapplica:on ꀀ
specific ꀀrobots ꀀto ꀀthe ꀀtechnologies ꀀthat ꀀthey ꀀmight ꀀbe ꀀcomposed ꀀ
of.

OperaIng ꀀEnvironment
There ꀀare ꀀfive ꀀprimary ꀀopera:ng ꀀenvironments ꀀfor ꀀrobots;

• on ꀀthe ꀀground,

• in ꀀthe ꀀair,

• underwater,

• in ꀀspace,

• inside ꀀthe ꀀhuman ꀀbody.

In ꀀaddi:on ꀀto ꀀthese ꀀthere ꀀare ꀀopera:ng ꀀenvironments ꀀthat ꀀinter괠㴀
face ꀀbetween ꀀthese ꀀenvironments. ꀀFor ꀀexample ꀀon ꀀthe ꀀsurface ꀀ
of ꀀwater, ꀀor ꀀbetween ꀀthe ꀀupper ꀀatmosphere ꀀand ꀀspace. ꀀMany ꀀ
types ꀀof ꀀrobot ꀀwill ꀀalso ꀀhave ꀀto ꀀoperate ꀀin ꀀtwo ꀀor ꀀmore ꀀof ꀀthese ꀀ
environments.

Within ꀀthese ꀀprimary ꀀenvironments ꀀare ꀀsub괠㴀divisions, ꀀdeep ꀀand ꀀ
shallow ꀀwater, ꀀindoors, ꀀoutdoors ꀀand ꀀunderground ꀀfor ꀀexample.

In ꀀaddi:on ꀀto ꀀthese ꀀphysically ꀀdifferent ꀀenvironments ꀀthe ꀀlevel ꀀ
of ꀀhazard, ꀀto ꀀpeople, ꀀin ꀀeach ꀀenvironment ꀀis ꀀalso ꀀa ꀀsignificant ꀀfac괠㴀
tor ꀀwithin ꀀits ꀀcharacterisa:on. ꀀFor ꀀexample ꀀworking ꀀat ꀀhigh ꀀtem괠㴀
peratures, ꀀin ꀀan ꀀexplosive ꀀatmosphere ꀀor ꀀwith ꀀcorrosive ꀀsub괠㴀
stances.

In ꀀeach ꀀapplica:on ꀀdomain ꀀdifferent ꀀopera:ng ꀀenvironments ꀀwill ꀀ
prevail.

Marine Robots
Marine ꀀrobots ꀀprovide ꀀa ꀀgood ꀀexample ꀀof ꀀa ꀀcross ꀀdomain ꀀrobot ꀀ
market ꀀthat ꀀis ꀀbased ꀀon ꀀa ꀀspecific ꀀtype ꀀof ꀀrobot.

Robots ꀀopera:ng ꀀin ꀀa ꀀmarine ꀀenvironment ꀀcan ꀀbe ꀀapplied ꀀto ꀀ
many ꀀdifferent ꀀmarket ꀀdomains, ꀀAgriculture, ꀀCivil, ꀀCommercial, ꀀ
Consumer.

Poten:al ꀀapplica:ons ꀀrange ꀀfrom ꀀallowing ꀀtourists ꀀto ꀀview ꀀcoral ꀀ
reefs, ꀀto ꀀinspec:ng ꀀundersea ꀀpipelines.

Marine ꀀrobots ꀀcan ꀀalready ꀀbe ꀀfound ꀀworking ꀀin ꀀthe ꀀoff괠㴀shore ꀀoil ꀀ
and ꀀgas ꀀindustry ꀀand ꀀin ꀀscience ꀀsupport ꀀac:vi:es ꀀinves:ga:ng ꀀ
the ꀀocean ꀀcurrents, ꀀflora ꀀand ꀀfauna.

There ꀀis ꀀpoten:al ꀀfor ꀀtheir ꀀapplica:on ꀀto ꀀthe ꀀmonitoring ꀀof ꀀthe ꀀ
marine ꀀenvironment, ꀀpollu:on, ꀀfish ꀀstocks ꀀetc, ꀀand ꀀin ꀀthe ꀀmainte괠㴀
nance ꀀof ꀀharbours ꀀand ꀀshipping. ꀀIt ꀀis ꀀalso ꀀrecognised ꀀthat ꀀrobo:c ꀀ
mining ꀀmay ꀀbe ꀀthe ꀀonly ꀀway ꀀof ꀀextrac:ng ꀀthe ꀀsignificant ꀀmineral ꀀ
resources ꀀthat ꀀlie ꀀunder ꀀthe ꀀoceans.
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InteracIon ꀀand ꀀCollaboraIon
Robots ꀀare ꀀrarely ꀀif ꀀever ꀀfully ꀀautonomous. ꀀThere ꀀis ꀀalways ꀀsome ꀀ
interac:on ꀀwith ꀀusers ꀀeven ꀀif ꀀthis ꀀis ꀀremote, ꀀvia ꀀa ꀀcommunica괠㴀
:on ꀀlink, ꀀfor ꀀexample ꀀthe ꀀMars ꀀrovers. ꀀThe ꀀlevel ꀀof ꀀdecisional ꀀ
autonomy ꀀa ꀀrobot ꀀhas ꀀis ꀀhighly ꀀvariable ꀀand ꀀcan ꀀbe ꀀrepresented ꀀ
as ꀀa ꀀcon:nuum. ꀀBecause ꀀthere ꀀis ꀀa ꀀneed ꀀto ꀀlink ꀀcapability ꀀto ꀀtech괠㴀
nology ꀀand ꀀin ꀀpar:cular ꀀstep ꀀchanges ꀀin ꀀtechnology ꀀto ꀀstep ꀀ
changes ꀀin ꀀthe ꀀability ꀀof ꀀrobots ꀀto ꀀcarry ꀀout ꀀuseful ꀀtasks ꀀa ꀀset ꀀof ꀀ
waypoints ꀀin ꀀthis ꀀcon:nuum ꀀhave ꀀbeen ꀀiden:fied ꀀas ꀀsignificant;

• Programmed,

• Tele괠㴀operated,

• Supervised,

• Collabora:ve,

• Autonomous.

In ꀀaddi:on ꀀto ꀀthese ꀀwaypoints ꀀon ꀀthe ꀀcon:nuum ꀀof ꀀdecisional ꀀ
autonomy ꀀrobots ꀀcan ꀀalso ꀀwork ꀀin ꀀgroups, ꀀeither ꀀas ꀀcollec:ons ꀀ
of ꀀheterogenous ꀀrobots, ꀀoVen ꀀlikened ꀀto ꀀswarms, ꀀor ꀀas ꀀinter괠㴀
opera:ng ꀀcollec:ons ꀀof ꀀindividually ꀀspecialised ꀀmachines ꀀeach ꀀ
opera:ng ꀀin ꀀits ꀀown ꀀright ꀀbut ꀀcontribu:ng ꀀpart ꀀof ꀀan ꀀoverall ꀀproc괠㴀
ess, ꀀan ꀀecosystem ꀀof ꀀrobots. ꀀRobots ꀀmay ꀀalso ꀀwork ꀀin ꀀconjunc괠㴀
:on ꀀwith ꀀother ꀀnon괠㴀robo:c ꀀdevices ꀀand ꀀwith ꀀthe ꀀinternet ꀀof ꀀ
things.

The ꀀlevel ꀀof ꀀautonomy ꀀand ꀀthe ꀀnumber ꀀof ꀀrobots ꀀwill ꀀsignifi괠㴀
cantly ꀀinfluence ꀀthe ꀀtype ꀀof ꀀuser ꀀinterac:on ꀀand ꀀtherefore ꀀthe ꀀ
technologies ꀀneeded ꀀto ꀀimplement ꀀthe ꀀrobot.

Robot Companions
It ꀀis ꀀwidely ꀀaccepted ꀀthat ꀀone ꀀof ꀀthe ꀀmost ꀀsignificant ꀀstep ꀀ
changes ꀀin ꀀrobo:cs ꀀwill ꀀcome ꀀthrough ꀀtheir ꀀcloser ꀀinterac:on ꀀ
with ꀀpeople. ꀀThe ꀀpoten:al ꀀareas ꀀof ꀀapplica:on ꀀare ꀀbroad ꀀand ꀀ
range ꀀfrom ꀀhealthcare ꀀthrough ꀀto ꀀhelping ꀀassembly ꀀworkers ꀀon ꀀa ꀀ
produc:on ꀀline. ꀀIt ꀀis ꀀexpected ꀀthat ꀀthese ꀀInterac:ons ꀀwill ꀀbe괠㴀
come ꀀmore ꀀphysical ꀀand ꀀmore ꀀintui:ve ꀀover ꀀ:me, ꀀgesture, ꀀtouch ꀀ
and ꀀspoken ꀀinterac:on ꀀare ꀀlikely ꀀto ꀀbecome ꀀthe ꀀnorm.

The ꀀpoten:al ꀀimpact ꀀof ꀀrobo:cs ꀀwill ꀀdepend ꀀlargely ꀀon ꀀimprove괠㴀
ments ꀀin ꀀthe ꀀability ꀀof ꀀrobots ꀀto ꀀinteract. ꀀIn ꀀthe ꀀcontext ꀀof ꀀrobot ꀀ
markets ꀀit ꀀis ꀀlikely ꀀthat ꀀimprovements ꀀin ꀀinterac:on ꀀwill ꀀbe ꀀmade ꀀ
by ꀀorganisa:ons ꀀthat ꀀspecialise ꀀin ꀀthis ꀀarea ꀀand ꀀto ꀀrealise ꀀthe ꀀpo괠㴀
ten:al ꀀof ꀀtheir ꀀIP ꀀthey ꀀwill ꀀneed ꀀto ꀀlicense ꀀout ꀀtheir ꀀtechnology. ꀀ
This ꀀwill ꀀcreate ꀀa ꀀnew ꀀmarket ꀀin ꀀinterac:on ꀀtechnology ꀀthat ꀀis ꀀ
likely ꀀto ꀀbe ꀀwider ꀀthan ꀀjust ꀀthe ꀀrobo:cs ꀀdomain.
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Physical ꀀFormat
Robots ꀀtake ꀀmany ꀀdifferent ꀀphysical ꀀforms, ꀀhowever ꀀthere ꀀare ꀀ
some ꀀbasic ꀀtypes ꀀof ꀀphysical ꀀmanifesta:on ꀀthat ꀀrequire ꀀiden:fi괠㴀
ca:on;

• Robot ꀀArms,

• Robot ꀀPlanorms,

• Exo괠㴀skeletal ꀀrobots,

• Metamorphic ꀀrobots,

• Nano ꀀand ꀀMicro ꀀRobots,

• Humanoid.

These ꀀcategories ꀀof ꀀphysical ꀀform ꀀdescribe ꀀgeneric ꀀforms. ꀀThe ꀀ
physical ꀀform ꀀdoes ꀀnot ꀀdefine ꀀthe ꀀtechnology ꀀof ꀀpropulsion, ꀀso ꀀ
for ꀀexample ꀀa ꀀrobot ꀀplanorm ꀀmay ꀀoperate ꀀwith ꀀwheels ꀀor ꀀlegs, ꀀit ꀀ
may ꀀbe ꀀpowered ꀀby ꀀbaceries ꀀor ꀀbio괠㴀energy ꀀfuel ꀀcells ꀀand ꀀit ꀀmay ꀀ
operate ꀀin ꀀany ꀀof ꀀthe ꀀdifferent ꀀwork ꀀenvironments.

Miniaturised Robots
The ꀀminiaturisa:on ꀀof ꀀrobo:cs ꀀtechnology ꀀhas ꀀapplica:on ꀀin ꀀ
healthcare ꀀand ꀀin ꀀmanufacturing ꀀand ꀀrepresents ꀀa ꀀspecialist ꀀdo괠㴀
main ꀀof ꀀrobo:cs ꀀtechnology ꀀlikely ꀀto ꀀcreate ꀀa ꀀrobot ꀀmarket.

In ꀀthe ꀀhealthcare ꀀdomain ꀀminiaturised ꀀsurgical ꀀtools ꀀwith ꀀbuilt ꀀin ꀀ
sensing ꀀwill ꀀenable ꀀnew ꀀopportuni:es ꀀin ꀀfine ꀀscale ꀀsurgical ꀀproce괠㴀
dures ꀀwith ꀀpar:cular ꀀimpact ꀀin ꀀcardiovascular, ꀀneurological ꀀand ꀀ
oncological ꀀareas. ꀀThese ꀀdevices ꀀwill ꀀnot ꀀonly ꀀincrease ꀀsurgical ꀀ
opportunity ꀀbut ꀀalso ꀀhave ꀀthe ꀀpoten:al ꀀto ꀀreduce ꀀthe ꀀinvasive괠㴀
ness ꀀof ꀀprocedures.

The ꀀuse ꀀof ꀀrobot ꀀmanipula:on ꀀin ꀀthe ꀀindustrial ꀀproduc:on ꀀof ꀀ
complex ꀀminiature ꀀdevices ꀀis ꀀalso ꀀan ꀀemerging ꀀarea ꀀof ꀀapplica괠㴀
:on, ꀀwith ꀀpar:cular ꀀapplica:on ꀀin ꀀmicro괠㴀op:cal ꀀsystems ꀀand ꀀthe ꀀ
volume ꀀassembly ꀀof ꀀmicro ꀀscale ꀀcomponents. ꀀThe ꀀelectronics ꀀin괠㴀
dustry ꀀhas ꀀpioneered ꀀspecial ꀀpurpose ꀀminiature ꀀassembly ꀀrobots. ꀀ
It ꀀis ꀀexpected ꀀthat ꀀgeneric ꀀminiature ꀀrobot ꀀtools ꀀwill ꀀimpact ꀀon ꀀ
manufacturing ꀀin ꀀthe ꀀcoming ꀀdecade.
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FuncIon
Robots ꀀcan ꀀcarry ꀀout ꀀa ꀀwide ꀀvariety ꀀof ꀀdifferent ꀀfunc:ons. ꀀMost ꀀ
robots ꀀcombine ꀀa ꀀnumber ꀀof ꀀbasic ꀀfunc:ons ꀀto ꀀperform ꀀa ꀀtask. ꀀIt ꀀ
is ꀀnot ꀀpossible ꀀto ꀀdetail ꀀall ꀀof ꀀthe ꀀdifferent ꀀfunc:ons ꀀa ꀀrobot ꀀcan ꀀ
perform. ꀀThe ꀀproduct ꀀvisions ꀀpresented ꀀin ꀀthis ꀀdocument ꀀand ꀀin ꀀ
more ꀀdetail ꀀin ꀀthe ꀀMul:괠㴀Annual ꀀRoadmap ꀀdocument ꀀgive ꀀan ꀀindi괠㴀
ca:on ꀀof ꀀthe ꀀrange ꀀand ꀀtype ꀀof ꀀtasks ꀀthat ꀀrobots ꀀmight ꀀbe ꀀable ꀀ
to ꀀachieve. ꀀIt ꀀis ꀀhowever ꀀpossible ꀀto ꀀgive ꀀa ꀀhigh ꀀlevel ꀀview ꀀof ꀀ
some ꀀof ꀀthese ꀀbasic ꀀfunc:ons, ꀀthey ꀀcan ꀀbe ꀀcharacterised ꀀas ꀀfol괠㴀
lows:

Assembly: ꀀ ꀀ Joining ꀀparts ꀀtogether, ꀀthis ꀀmay ꀀalso ꀀinvolve ꀀa ꀀfix괠㴀
ing ꀀprocess ꀀsuch ꀀas ꀀwelding.

Surface Process: ꀀ The ꀀfunc:on ꀀof ꀀapplying ꀀa ꀀprocess ꀀto ꀀa ꀀflat ꀀ
surface ꀀor ꀀthe ꀀsurface ꀀof ꀀan ꀀobject. ꀀThis ꀀcould ꀀbe ꀀspraying ꀀa ꀀcoat괠㴀
ing, ꀀabrading, ꀀcleaning, ꀀscraping, ꀀdrilling ꀀholes ꀀor ꀀcuSng ꀀit.

Interaction: ꀀ ꀀ The ꀀfunc:on ꀀof ꀀinterac:ng ꀀwith ꀀether ꀀa ꀀhuman ꀀ
or ꀀanother ꀀmachine ꀀor ꀀrobot. ꀀInterac:on ꀀinvolves ꀀeither ꀀdirect ꀀ
physical ꀀcontact ꀀbetween ꀀthe ꀀhuman ꀀand ꀀthe ꀀrobot ꀀor ꀀthe ꀀex괠㴀
change ꀀof ꀀa ꀀphysical ꀀobject ꀀor ꀀinforma:on ꀀbetween ꀀthe ꀀinteract괠㴀
ing ꀀagents.

Exploration: ꀀ ꀀ The ꀀfunc:on ꀀof ꀀexploring ꀀan ꀀunknown ꀀor ꀀpar괠㴀
:ally ꀀknown ꀀspace ꀀwith ꀀthe ꀀgoal ꀀof ꀀmapping ꀀthat ꀀspace ꀀor ꀀthe ꀀ
specific ꀀgoal ꀀof, ꀀfor ꀀexample, ꀀfinding ꀀa ꀀperson, ꀀresource ꀀor ꀀloca괠㴀
:on.

Transporting: ꀀTranspor:ng ꀀinvolves ꀀorien:ng ꀀand ꀀmoving ꀀob괠㴀
jects ꀀor ꀀpeople ꀀbetween ꀀknown ꀀstart ꀀand ꀀend ꀀloca:ons, ꀀmove괠㴀
ments ꀀmay ꀀbe ꀀover ꀀshort ꀀor ꀀlong ꀀdistances.

Inspection: ꀀ A ꀀfunc:on ꀀthat ꀀcovers ꀀa ꀀspace, ꀀknown ꀀat ꀀsome ꀀ
scale, ꀀand ꀀscans ꀀthat ꀀspace ꀀfor ꀀspecific ꀀparameters, ꀀfor ꀀexample ꀀ
monitoring ꀀwater ꀀpollu:on ꀀin ꀀa ꀀharbour.

Grasping: ꀀ The ꀀfunc:on ꀀof ꀀholding ꀀand ꀀorien:ng ꀀan ꀀobject, ꀀ
tool ꀀor ꀀperson. ꀀIncludes ꀀfirstly ꀀiden:fying ꀀand ꀀthen ꀀworking ꀀout ꀀ
how ꀀto ꀀhold ꀀthe ꀀobject. ꀀFor ꀀexample ꀀpicking ꀀup ꀀa ꀀglass ꀀof ꀀwine.

Manipulation: ꀀThe ꀀfunc:on ꀀof ꀀu:lising ꀀthe ꀀcharacteris:cs ꀀof ꀀa ꀀ
grasped ꀀobject ꀀto ꀀachieve ꀀa ꀀtask. ꀀFor ꀀexample ꀀusing ꀀa ꀀpair ꀀof ꀀscis괠㴀
sors, ꀀor ꀀunscrewing ꀀa ꀀlight ꀀbulb ꀀwith ꀀa ꀀtwo괠㴀finger ꀀgripper.

Most ꀀrobots ꀀcombine ꀀthese ꀀbasic ꀀfunc:ons ꀀto ꀀexecute ꀀmore ꀀ
complex ꀀtasks. ꀀAs ꀀnew ꀀrobots ꀀare ꀀdeveloped ꀀthis ꀀlist ꀀof ꀀfunc:ons ꀀ
will ꀀgrow.
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In ꀀorder ꀀto ꀀdescribe ꀀthese ꀀabili:es ꀀa ꀀbaseline ꀀof ꀀcharacter괠㴀
is:cs ꀀis ꀀneeded. ꀀThe ꀀdifferent ꀀabili:es ꀀneed ꀀto ꀀbe ꀀdefined ꀀ
independently ꀀof ꀀany ꀀpar:cular ꀀrobot ꀀconfigura:on ꀀor ꀀdo괠㴀
main. ꀀAbili:es ꀀprovide ꀀthe ꀀbasis ꀀfor ꀀperformance ꀀmetrics.

Each ꀀability ꀀcaptures ꀀone ꀀspecific ꀀaspect ꀀof ꀀthe ꀀopera:on ꀀ
and ꀀbehaviour ꀀof ꀀa ꀀrobot ꀀsystem. ꀀFor ꀀeach ꀀdifferent ꀀtype ꀀ
of ꀀrobot ꀀthere ꀀwill ꀀbe ꀀkey ꀀabili:es ꀀthat ꀀcan ꀀbe ꀀiden:fied ꀀ
and ꀀdefined ꀀin ꀀdetail. ꀀThis ꀀlist ꀀof ꀀabili:es ꀀaims ꀀto ꀀcover ꀀall ꀀ
the ꀀdifferent ꀀtypes ꀀof ꀀability ꀀthat ꀀrobots ꀀpossess.

The ꀀMul:괠㴀Annual ꀀRoadmap ꀀdocument ꀀprovides ꀀex괠㴀
tended ꀀdetail ꀀand ꀀdescribes ꀀability ꀀtargets.

Configurability
The ꀀability ꀀof ꀀthe ꀀrobot ꀀto ꀀbe ꀀconfigured ꀀto ꀀperform ꀀa ꀀ
task ꀀor ꀀreconfigured ꀀto ꀀperform ꀀdifferent ꀀtasks. ꀀThis ꀀmay ꀀ
range ꀀfrom ꀀthe ꀀability ꀀto ꀀre괠㴀program ꀀthe ꀀsystem ꀀto ꀀbeing ꀀ
able ꀀto ꀀalter ꀀthe ꀀphysical ꀀstructure ꀀof ꀀthe ꀀsystem. ꀀ(e.g. ꀀby ꀀ
changing ꀀa ꀀtool).

Adaptability
The ꀀability ꀀof ꀀthe ꀀsystem ꀀto ꀀadapt ꀀitself ꀀto ꀀdifferent ꀀwork ꀀ
scenarios, ꀀdifferent ꀀenvironments ꀀand ꀀcondi:ons. ꀀAdapta괠㴀
:on ꀀmay ꀀtake ꀀplace ꀀover ꀀlong ꀀor ꀀshort ꀀ:me ꀀscales. ꀀIt ꀀmay ꀀ
relate ꀀto ꀀlocal ꀀcontrol ꀀsystems ꀀor ꀀac:ons, ꀀto ꀀthe ꀀwhole ꀀ
system ꀀor ꀀto ꀀinterac:on.

40Markets and Robots: Section 5

Robot ꀀAbili&es

Robot ꀀ systems ꀀ are ꀀ complex ꀀ integra$ons ꀀ of ꀀ a ꀀ
wide ꀀ range ꀀ of ꀀ different ꀀ technologies. ꀀ There ꀀ are ꀀ
abili$es ꀀthat ꀀall ꀀof ꀀthe ꀀdifferent ꀀrobot ꀀtypes ꀀshare ꀀ
and ꀀwhich ꀀcharacterise ꀀwhole ꀀsystem ꀀopera$on. ꀀ
Each ꀀ robot ꀀ will ꀀ need ꀀ a ꀀ selec$on ꀀ of ꀀ these ꀀ
abili$es. ꀀ Abili$es ꀀ allow ꀀ benchmarks ꀀ for ꀀ
performance ꀀto ꀀbe ꀀset.
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InteracIon ꀀAbility
The ꀀability ꀀof ꀀthe ꀀsystem ꀀto ꀀinteract ꀀboth ꀀcogni:vely ꀀand ꀀphysi괠㴀
cally ꀀeither ꀀwith ꀀusers, ꀀoperators ꀀor ꀀother ꀀsystems ꀀaround ꀀit, ꀀin괠㴀
cluding ꀀother ꀀrobots. ꀀThe ꀀability ꀀto ꀀinteract ꀀmay ꀀbe ꀀas ꀀsimple ꀀas ꀀ
the ꀀuse ꀀof ꀀa ꀀcommunica:on ꀀprotocol, ꀀor ꀀas ꀀadvanced ꀀas ꀀholding ꀀ
an ꀀinterac:ve ꀀconversa:on ꀀwith ꀀa ꀀperson.

Dependability
The ꀀability ꀀof ꀀthe ꀀsystem ꀀto ꀀperform ꀀits ꀀgiven ꀀtasks ꀀwithout ꀀsys괠㴀
tema:c ꀀerrors. ꀀDependability ꀀspecifies ꀀthe ꀀlevel ꀀof ꀀtrust ꀀthat ꀀcan ꀀ
be ꀀplaced ꀀon ꀀthe ꀀsystem ꀀto ꀀperform. ꀀThis ꀀmay ꀀbe ꀀin ꀀterms ꀀof ꀀa ꀀ
MTBF ꀀor ꀀthat ꀀwe ꀀtrust ꀀit ꀀto ꀀlook ꀀaVer ꀀa ꀀperson ꀀfor ꀀa ꀀday.

MoIon ꀀAbility
The ꀀability ꀀof ꀀthe ꀀsystem ꀀto ꀀmove. ꀀMo:on ꀀmay ꀀbe ꀀhighly ꀀcon괠㴀
strained ꀀwhere ꀀability ꀀis ꀀmeasured ꀀby ꀀthe ꀀprecision ꀀof ꀀthe ꀀmo괠㴀
:on, ꀀor ꀀits ꀀrepeatability. ꀀAlterna:vely ꀀmo:on ꀀmay ꀀbe ꀀuncon괠㴀
strained ꀀand ꀀis ꀀmeasured ꀀby ꀀthe ꀀability ꀀto ꀀmove ꀀeffec:vely ꀀin ꀀdif괠㴀
ferent ꀀmedia ꀀor ꀀbetween ꀀmedia. ꀀFor ꀀexample ꀀin ꀀunstable ꀀenvi괠㴀
ronments ꀀsuch ꀀas ꀀon ꀀice ꀀor ꀀsand ꀀwhere ꀀthe ꀀtarget ꀀis ꀀto ꀀmaintain ꀀ
balance ꀀor ꀀachieve ꀀeffec:ve ꀀmo:on.

ManipulaIon ꀀAbility
The ꀀability ꀀof ꀀthe ꀀsystem ꀀto ꀀhandle ꀀobjects. ꀀWhere ꀀend ꀀeffectors ꀀ
are ꀀfixed ꀀor ꀀspecific ꀀto ꀀthe ꀀtask ꀀthis ꀀwill ꀀspecify ꀀthe ꀀaccuracy ꀀand ꀀ
repeatability ꀀof ꀀthe ꀀmanipula:on, ꀀfor ꀀexample ꀀthe ꀀability ꀀto ꀀab괠㴀
sorb ꀀtolerances ꀀbetween ꀀparts ꀀduring ꀀassembly. ꀀFor ꀀdexterous ꀀ
manipula:on ꀀit ꀀmight ꀀspecify ꀀthe ꀀability ꀀto ꀀdiscover ꀀhow ꀀto ꀀhold ꀀ
and ꀀmove ꀀunknown ꀀobjects, ꀀor ꀀthe ꀀability ꀀto ꀀmatch ꀀtwo ꀀobjects ꀀ
together ꀀin ꀀspecific ꀀways.

PercepIon ꀀAbility
The ꀀability ꀀof ꀀthe ꀀrobot ꀀto ꀀperceive ꀀits ꀀenvironment. ꀀAt ꀀthe ꀀsim괠㴀
plest ꀀlevel ꀀthis ꀀis ꀀabout ꀀspecifying ꀀthe ꀀprobability ꀀof ꀀaccurately ꀀ
detec:ng ꀀobjects, ꀀspaces, ꀀloca:ons ꀀor ꀀitems ꀀof ꀀinterest ꀀin ꀀthe ꀀvi괠㴀
cinity ꀀof ꀀthe ꀀsystem. ꀀIt ꀀincludes ꀀthe ꀀability ꀀto ꀀdetect ꀀthe ꀀego ꀀmo괠㴀
:on ꀀof ꀀa ꀀrobot ꀀarm ꀀand ꀀthe ꀀability ꀀto ꀀinterpret ꀀinforma:on ꀀand ꀀ
to ꀀmake ꀀinformed ꀀand ꀀaccurate ꀀdeduc:ons ꀀabout ꀀthe ꀀenviron괠㴀
ment ꀀbased ꀀon ꀀsensory ꀀdata. ꀀ

Decisional ꀀAutonomy
The ꀀability ꀀof ꀀthe ꀀrobot ꀀto ꀀact ꀀautonomously. ꀀNearly ꀀall ꀀsystems ꀀ
have ꀀa ꀀdegree ꀀof ꀀautonomy. ꀀIt ꀀranges ꀀfrom ꀀthe ꀀsimple ꀀmo:on ꀀof ꀀ
an ꀀassembly ꀀstopped ꀀby ꀀa ꀀsensor ꀀreading, ꀀto ꀀthe ꀀability ꀀto ꀀbe ꀀself ꀀ
sufficient ꀀin ꀀa ꀀcomplex ꀀenvironment.

CogniIve ꀀAbility
The ꀀability ꀀto ꀀinterpret ꀀthe ꀀtask ꀀand ꀀenvironment ꀀsuch ꀀthat ꀀtasks ꀀ
can ꀀbe ꀀeffec:vely ꀀand ꀀefficiently ꀀexecuted ꀀeven ꀀwhere ꀀthere ꀀex괠㴀
ists ꀀenvironmental ꀀand/or ꀀtask ꀀuncertainty. ꀀThe ꀀability ꀀto ꀀinter괠㴀
pret ꀀhuman ꀀcommands ꀀdelivered ꀀin ꀀnatural ꀀlanguage ꀀor ꀀgestures. ꀀ
The ꀀability ꀀto ꀀinterpret ꀀthe ꀀfunc:on ꀀand ꀀinterrela:onships ꀀbe괠㴀
tween ꀀdifferent ꀀobjects ꀀin ꀀthe ꀀenvironment ꀀand ꀀunderstand ꀀhow ꀀ
to ꀀuse ꀀor ꀀmanipulate ꀀthem. ꀀThe ꀀability ꀀto ꀀplan ꀀand ꀀexecute ꀀtasks ꀀ
in ꀀresponse ꀀto ꀀhigh ꀀlevel ꀀcommands. ꀀThe ꀀability ꀀto ꀀwork ꀀinterac괠㴀
:vely ꀀwith ꀀpeople ꀀas ꀀif ꀀlike ꀀa ꀀperson.

Robot Abilities 41
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Application ꀀScenarios
A ꀀglimpse ꀀof ꀀpossible ꀀapplica4ons ꀀfrom ꀀ
across ꀀthe ꀀdifferent ꀀmarket ꀀdomains.

Societal ꀀChallenges
Long ꀀterm ꀀsocietal ꀀchallenges ꀀwhere ꀀrobots ꀀ
can ꀀhave ꀀa ꀀsignificant ꀀimpact.
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Robo:cs ꀀtechnology ꀀwill ꀀhave ꀀa ꀀwide ꀀimpact ꀀon ꀀa ꀀdiverse ꀀ
set ꀀof ꀀmarkets. ꀀWhile ꀀrobo:cs ꀀwill ꀀcreate ꀀnew ꀀmarkets ꀀ
and ꀀopportuni:es ꀀit ꀀwill ꀀalso ꀀhave ꀀa ꀀsignificant ꀀimpact ꀀon ꀀ
a ꀀbroad ꀀspread ꀀof ꀀexis:ng ꀀmarkets ꀀfrom ꀀhealthcare ꀀto ꀀag괠㴀
riculture. ꀀThe ꀀcrea:on ꀀof ꀀa ꀀviable ꀀrobo:cs ꀀindustry ꀀin ꀀ
Europe ꀀwill ꀀdepend ꀀas ꀀmuch ꀀon ꀀthese ꀀtradi:onal ꀀsectors ꀀ
embracing ꀀrobo:cs ꀀtechnology ꀀas ꀀit ꀀwill ꀀon ꀀthe ꀀcrea:on ꀀ
of ꀀnew ꀀrobot ꀀmarkets. ꀀThis ꀀinclusive ꀀduality ꀀis ꀀan ꀀimpor괠㴀
tant ꀀpart ꀀof ꀀthe ꀀrobo:cs ꀀstrategy ꀀin ꀀEurope.

The ꀀrobo:cs ꀀmarket ꀀwill ꀀbe ꀀcomposed ꀀof ꀀrobot ꀀcompo괠㴀
nent ꀀintegrators ꀀand ꀀmanufacturers, ꀀinstalla:on ꀀand ꀀserv괠㴀
ice ꀀcompanies ꀀas ꀀwell ꀀas ꀀdesign ꀀand ꀀdevelopment ꀀprac괠㴀
:ces. ꀀThese ꀀsupport ꀀcompanies ꀀwill ꀀbe ꀀa ꀀkey ꀀelement ꀀin ꀀ
the ꀀpush ꀀof ꀀrobo:cs ꀀtechnology ꀀinto ꀀtradi:onal ꀀmarket ꀀ
sectors ꀀwithin ꀀEurope.

The ꀀdomains ꀀthat ꀀwill ꀀbe ꀀmost ꀀimpacted ꀀby ꀀrobo:cs ꀀtech괠㴀
nology ꀀcan ꀀbe ꀀclustered ꀀinto ꀀbroad ꀀmarket ꀀsegments ꀀ
with ꀀcommon ꀀinterests ꀀand ꀀinfrastructure.

• Manufacturing

• Healthcare

• Agriculture

• Civil

• Commercial

43Applications: Section 1

Applica&on ꀀ
Scenarios

Applica$on ꀀscenarios ꀀprovide ꀀa ꀀwindow ꀀonto ꀀthe ꀀ
range ꀀ of ꀀ applica$ons ꀀ and ꀀ markets ꀀ that ꀀ robot ꀀ
technology ꀀmight ꀀ be ꀀ applied ꀀ to ꀀ by ꀀ 2020. ꀀThese ꀀ
scenarios ꀀ are ꀀ a ꀀ small ꀀ sample ꀀ of ꀀ what ꀀ will ꀀ be ꀀ
possible.
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• Logis:cs ꀀand ꀀTransport

• Consumer

Each ꀀof ꀀthese ꀀbroad ꀀmarket ꀀdomains ꀀwill ꀀinvolve ꀀa ꀀrange ꀀof ꀀspe괠㴀
cialist ꀀrobo:cs ꀀcompanies ꀀalongside ꀀestablished ꀀcompanies ꀀto괠㴀
gether ꀀwith ꀀsuppor:ng ꀀservices ꀀand ꀀinfrastructure ꀀmanagement. ꀀ
The ꀀimpact ꀀof ꀀrobo:cs ꀀwill ꀀvary ꀀfrom ꀀdomain ꀀto ꀀdomain. ꀀRobot괠㴀
ics ꀀcan ꀀoffer ꀀnew ꀀways ꀀof ꀀdelivering ꀀservices, ꀀand ꀀways ꀀof ꀀdeliv괠㴀
ering ꀀnew ꀀservices. ꀀIn ꀀexis:ng ꀀmarkets ꀀrobo:cs ꀀtechnology ꀀcan ꀀ
extend ꀀthe ꀀline ꀀof ꀀproducts ꀀproviding ꀀaddi:onal ꀀfunc:onal ꀀbene괠㴀
fit, ꀀor ꀀcreate ꀀnew ꀀtypes ꀀof ꀀproduct. ꀀ

Robo:cs ꀀhas ꀀthe ꀀpoten:al ꀀto ꀀtransform ꀀmany ꀀareas ꀀof ꀀbusiness ꀀ
from ꀀmanufacturing ꀀto ꀀhealthcare. ꀀNo ꀀmore ꀀso ꀀthan ꀀin ꀀareas ꀀ
where ꀀrobots ꀀand ꀀpeople ꀀclosely ꀀinteract ꀀand ꀀcollaborate. ꀀRo괠㴀
bots ꀀare ꀀalready ꀀserving ꀀas ꀀlife괠㴀saving ꀀsurgical ꀀtools, ꀀsmart ꀀreha괠㴀
bilita:on ꀀtrainers, ꀀas ꀀwell ꀀas ꀀreliable ꀀmovers ꀀin ꀀall ꀀkinds ꀀof ꀀlogis괠㴀
:cs ꀀscenarios; ꀀtheir ꀀrole, ꀀimpact ꀀand ꀀinterac:on ꀀwith ꀀpeople ꀀwill ꀀ
only ꀀgrow.

The ꀀfollowing ꀀproduct ꀀvisions ꀀprovide ꀀa ꀀbrief ꀀglimpse ꀀof ꀀwhat ꀀ
might ꀀbe ꀀachieved ꀀby ꀀ2020. ꀀThese ꀀvisions ꀀare ꀀdrawn ꀀfrom ꀀexam괠㴀
ples ꀀprepared ꀀby ꀀexperts ꀀworking ꀀin ꀀeach ꀀdomain ꀀand ꀀso ꀀrepre괠㴀
sent ꀀa ꀀsnapshot ꀀof ꀀthe ꀀexpecta:on ꀀin ꀀthat ꀀdomain. ꀀThe ꀀMul:괠㴀
Annual ꀀRoadmap ꀀdocument ꀀprovides ꀀmore ꀀin ꀀdepth ꀀdetail ꀀof ꀀ
each ꀀexample ꀀand ꀀlinks ꀀthe ꀀvisions ꀀto ꀀthe ꀀunderlying ꀀtechnology ꀀ
capabili:es ꀀthat ꀀwill ꀀbe ꀀneeded ꀀto ꀀachieve ꀀthem.

Application Scenarios 44
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Descrip$on
Europe ꀀneeds ꀀto ꀀmaintain ꀀand ꀀgrow ꀀits ꀀmanufacturing ꀀbase ꀀto ꀀincrease ꀀemploy괠㴀
ment ꀀand ꀀs4mulate ꀀthe ꀀwealth ꀀcrea4on ꀀcycle.

The ꀀhigher ꀀcost ꀀof ꀀlabour ꀀmeans ꀀthat ꀀautoma4on ꀀis ꀀa ꀀkey ꀀelement ꀀin ꀀthe ꀀgrowth ꀀ
of ꀀmanufacturing. ꀀIn ꀀpar4cular ꀀmanufacturing ꀀin ꀀSMEs ꀀcan ꀀbe ꀀautomated ꀀto ꀀdrive ꀀ
down ꀀcost. ꀀThis ꀀtype ꀀof ꀀmid ꀀto ꀀlow ꀀvolume ꀀhigh ꀀvalue ꀀadded ꀀmanufacturing ꀀre괠㴀
quires ꀀlow ꀀinstalla4on ꀀand ꀀrunning ꀀcosts ꀀand ꀀa ꀀhigh ꀀdegree ꀀof ꀀflexibility, ꀀwhich ꀀ
cannot ꀀtypically ꀀbe ꀀprovided ꀀby ꀀtradi4onal ꀀlarge ꀀscale ꀀmanufacturing ꀀrobo4cs. ꀀ
Re괠㴀shoring ꀀis ꀀalso ꀀlikely ꀀto ꀀbe ꀀdriven ꀀby ꀀthe ꀀavailability ꀀof ꀀhighly ꀀflexible ꀀand ꀀeasy ꀀ
to ꀀuse ꀀmanufacturing ꀀrobots. ꀀThe ꀀmerging ꀀof ꀀsmart ꀀtechnologies, ꀀtrainable ꀀ
systems, ꀀand ꀀintui4ve ꀀuser ꀀinterfaces ꀀwith ꀀcompliant ꀀrobot ꀀmanipulators ꀀcreates ꀀ
an ꀀopportunity ꀀto ꀀmake ꀀa ꀀrange ꀀof ꀀsmart ꀀmanufacturing ꀀrobots ꀀthat ꀀwill ꀀenable ꀀ
automa4on ꀀin ꀀsmall ꀀand ꀀmid ꀀscale ꀀcompanies, ꀀmanufacturing ꀀa ꀀwide ꀀvariety ꀀof ꀀ
products, ꀀto ꀀextend ꀀtheir ꀀmarkets ꀀby ꀀreducing ꀀcosts, ꀀresul4ng ꀀin ꀀexpansion ꀀand ꀀa ꀀ
consequen4al ꀀincrease ꀀin ꀀemployment.

Time ꀀScale
Robots ꀀhave ꀀbeen ꀀused ꀀin ꀀmanufacturing ꀀfor ꀀsome ꀀ50 ꀀyears ꀀand ꀀcon4nued ꀀincre괠㴀
mental ꀀgrowth ꀀis ꀀstrongly ꀀexpected. ꀀThe ꀀnew ꀀmarket ꀀfor ꀀsmarter ꀀmanufacturing ꀀ
robots ꀀwhich ꀀcan ꀀbe ꀀintui4vely ꀀreprogrammed ꀀis ꀀstar4ng ꀀto ꀀgrow ꀀas ꀀawareness ꀀ
and ꀀavailability ꀀof ꀀthis ꀀtechnology ꀀincreases. ꀀIf ꀀthe ꀀextended ꀀuse ꀀof ꀀrobots ꀀin ꀀ
manufacturing ꀀis ꀀto ꀀhave ꀀan ꀀimpact ꀀon ꀀemployment ꀀthen ꀀthis ꀀneeds ꀀto ꀀmake ꀀsig괠㴀
nificant ꀀprogress ꀀin ꀀthe ꀀnext ꀀfive ꀀyears. ꀀThe ꀀuse ꀀof ꀀrobo4cs ꀀin ꀀfood ꀀprepara4on ꀀis ꀀ
also ꀀexpected ꀀto ꀀexpand ꀀin ꀀthe ꀀcoming ꀀdecade.

Manufacturing

Technology
• Accurate ꀀindoor ꀀposi:oning ꀀ

systems ꀀfor ꀀmobile ꀀmanipulators, ꀀ
par:cularly ꀀin ꀀdynamic ꀀenviron괠㴀
ments.

• Sensor ꀀbased ꀀsafety ꀀsystems ꀀto ꀀen괠㴀
hance ꀀhuman ꀀrobot ꀀinterac:on.

• Higher ꀀlevels ꀀof ꀀrealism ꀀin ꀀsystem ꀀ
modelling ꀀto ꀀspeed ꀀapplica:on ꀀde괠㴀
velopment.

• Reac:ve ꀀplanning ꀀand ꀀcontrol ꀀable ꀀ
to ꀀoperate ꀀa ꀀrobot ꀀsafely ꀀin ꀀreal ꀀin괠㴀
dustrial ꀀenvironments.

Application Scenario
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Impact ꀀand ꀀMarket
The ꀀuse ꀀof ꀀrobo:cs ꀀin ꀀproduc:on ꀀis ꀀa ꀀkey ꀀfactor ꀀin ꀀmaking ꀀmanufacturing ꀀwithin ꀀEurope ꀀeconomically ꀀviable. ꀀIn ꀀ
order ꀀto ꀀimprove ꀀcompe::veness ꀀmanufacturing ꀀunit ꀀcosts ꀀneed ꀀto ꀀbe ꀀreduced ꀀand ꀀrobo:cs ꀀprovides ꀀa ꀀmeans ꀀ
to ꀀ achieve ꀀ this. ꀀ Loca:ng ꀀmanufacturing ꀀ in ꀀ Europe ꀀ reduces ꀀ delivery ꀀ:mes ꀀ and ꀀ costs ꀀ and ꀀ robot ꀀ assembly ꀀ tech괠㴀
niques ꀀallow ꀀa ꀀmuch ꀀgreater ꀀdegree ꀀof ꀀcustomisa:on ꀀand ꀀproduct ꀀvariability. ꀀThe ꀀmarket ꀀfor ꀀmanufacturing ꀀro괠㴀
bots ꀀ is ꀀstrongly ꀀexpected ꀀto ꀀgrow ꀀthrough ꀀdiversifica:on ꀀinto ꀀindustries ꀀwith ꀀ lower ꀀvolumes, ꀀand ꀀinto ꀀareas ꀀof ꀀ
manufacturing ꀀwhere ꀀmanual ꀀassembly ꀀhas ꀀpreviously ꀀmoved ꀀaway ꀀfrom ꀀEurope.

Scenario
Peter’s ꀀ family ꀀhad ꀀoutsourced ꀀ75% ꀀof ꀀ its ꀀbasic ꀀcomponent ꀀmanufacturing ꀀto ꀀthe ꀀfar ꀀeast ꀀten ꀀyears ꀀago, ꀀseven ꀀ
years ꀀago ꀀhalf ꀀof ꀀ its ꀀsub괠㴀assembly ꀀmanufacturing ꀀwas ꀀoutsourced. ꀀPricing ꀀwas ꀀgood ꀀbut ꀀdesign ꀀchanges ꀀoVen ꀀ
take ꀀa ꀀlong ꀀ:me ꀀto ꀀwork ꀀthrough ꀀthe ꀀChina ꀀoffice ꀀand ꀀout ꀀto ꀀthe ꀀfactories. ꀀCosts ꀀare ꀀalso ꀀrising, ꀀtransport ꀀcosts ꀀ
in ꀀpar:cular, ꀀand ꀀfluctua:ng ꀀexchange ꀀrates ꀀ force ꀀgreater ꀀcon:ngency ꀀmargins. ꀀCustomers ꀀhave ꀀstarted ꀀ to ꀀex괠㴀
pect ꀀa ꀀmore ꀀbespoke ꀀproduct, ꀀ individuality, ꀀchanges ꀀto ꀀdesign ꀀand ꀀstyle ꀀeach ꀀyear. ꀀThe ꀀneed ꀀto ꀀaccurately ꀀpre괠㴀
dict ꀀsales ꀀin ꀀa ꀀchanging ꀀand ꀀcompe::ve ꀀmarket ꀀin ꀀorder ꀀto ꀀget ꀀthe ꀀbest ꀀprice ꀀhas ꀀmade ꀀbusiness ꀀtougher.

Investment ꀀin ꀀautoma:on ꀀwas ꀀa ꀀtough ꀀdecision, ꀀthe ꀀchanges ꀀneeded ꀀin ꀀthe ꀀfactory ꀀand ꀀthe ꀀrestructuring ꀀof ꀀthe ꀀ
business ꀀback ꀀtowards ꀀmanufacturing ꀀrequired ꀀthe ꀀregaining ꀀof ꀀskills ꀀonce ꀀcommon ꀀin ꀀthe ꀀfactory. ꀀPeter ꀀclearly ꀀ
saw ꀀthat ꀀthe ꀀalterna:ve ꀀto ꀀautoma:on ꀀwas ꀀsteady ꀀdecline ꀀeither ꀀfrom ꀀnew ꀀcompanies ꀀwith ꀀhigher ꀀ investment ꀀ
levels ꀀreac:ng ꀀfaster ꀀto ꀀnew ꀀmarkets, ꀀfrom ꀀoverseas ꀀcompe::on ꀀtaking ꀀover ꀀtradi:onal ꀀmarkets.

Two ꀀyears ꀀon ꀀand ꀀmanufacturing ꀀis ꀀback ꀀin ꀀEurope. ꀀThe ꀀability ꀀto ꀀturn ꀀround ꀀnew ꀀdesigns ꀀand ꀀproduce ꀀlimited ꀀ
batches, ꀀthe ꀀability ꀀto ꀀmake ꀀto ꀀorder ꀀand ꀀs:ll ꀀbe ꀀcompe::ve ꀀon ꀀprice, ꀀthe ꀀability ꀀto ꀀimmediately ꀀrespond ꀀto ꀀad괠㴀
ver:sing ꀀhas ꀀaltered ꀀsales ꀀtechniques ꀀand ꀀopened ꀀnew ꀀmarkets. ꀀExport ꀀorders ꀀare ꀀup ꀀand ꀀthree ꀀnew ꀀsales ꀀstaff ꀀ
have ꀀbeen ꀀtaken ꀀon. ꀀThe ꀀnew ꀀrobot ꀀmachines ꀀcan ꀀbe ꀀtrained ꀀby ꀀhand ꀀand ꀀwork ꀀeasily ꀀalong ꀀside ꀀthe ꀀremaining ꀀ
elements ꀀof ꀀmanual ꀀproduc:on. ꀀThe ꀀdesign ꀀdepartment ꀀunderstands ꀀthe ꀀlimita:ons ꀀof ꀀthe ꀀshiV ꀀto ꀀautoma:on ꀀ
but ꀀis ꀀnow ꀀdiscovering ꀀnew ꀀopportuni:es ꀀonly ꀀpossible ꀀwith ꀀhighly ꀀflexible ꀀautoma:on.
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Descrip$on
Healthcare ꀀis ꀀa ꀀsignificant ꀀand ꀀgrowing ꀀsector ꀀfor ꀀthe ꀀapplica4on ꀀof ꀀrobo4c ꀀ
technologies. ꀀThe ꀀmain ꀀapplica4on ꀀareas ꀀthat ꀀare ꀀcurrently ꀀiden4fied ꀀfor ꀀsignifi괠㴀
cant ꀀgrowth ꀀare; ꀀthe ꀀapplica4on ꀀof ꀀrobots ꀀin ꀀassis4ng ꀀsurgery ꀀand ꀀdiagnosis, ꀀthe ꀀ
use ꀀof ꀀrobots ꀀas ꀀtraining ꀀtools ꀀfor ꀀthe ꀀmedical ꀀprofession ꀀand ꀀthe ꀀtherapeu4c ꀀuse ꀀ
of ꀀrobots ꀀin ꀀapplica4ons ꀀsuch ꀀas ꀀrehabilita4on. ꀀIn ꀀthe ꀀmedium ꀀterm ꀀit ꀀis ꀀalso ꀀex괠㴀
pected ꀀthat ꀀrobo4cs ꀀwill ꀀimpact ꀀon ꀀassis4ve ꀀtechnology ꀀpar4cularly ꀀfor ꀀthe ꀀeld괠㴀
erly ꀀboth ꀀin ꀀcare ꀀand ꀀat ꀀhome.

The ꀀopportunity ꀀto ꀀapply ꀀrobo4cs ꀀtechnology ꀀexists ꀀnot ꀀonly ꀀin ꀀpa4ent ꀀcare ꀀbut ꀀ
also ꀀin ꀀthe ꀀlogis4cs ꀀof ꀀrunning ꀀlarge ꀀhospitals. ꀀThis ꀀmay ꀀbe ꀀan ꀀarea ꀀwhere ꀀcost ꀀsav괠㴀
ings ꀀcan ꀀbe ꀀachieved. ꀀThe ꀀuse ꀀof ꀀnear ꀀmarket ꀀinstruments ꀀunder ꀀHorizon ꀀ2020 ꀀis ꀀ
expected ꀀto ꀀhave ꀀa ꀀsignificant ꀀimpact ꀀin ꀀiden4fying ꀀprimary ꀀopportuni4es.

Time ꀀScale
Tele괠㴀operated ꀀsurgical ꀀsystems ꀀhave ꀀbeen ꀀincreasingly ꀀused ꀀover ꀀthe ꀀpast ꀀten ꀀ
years. ꀀWhile ꀀthe ꀀcase ꀀfor ꀀtheir ꀀuse ꀀis ꀀcomplex ꀀit ꀀis ꀀstrongly ꀀexpected ꀀthat ꀀthere ꀀ
will ꀀbe ꀀan ꀀincreasing ꀀnumber ꀀof ꀀdifferent ꀀprocedures ꀀcarried ꀀout ꀀusing ꀀtele괠㴀
robo4c ꀀtechnology ꀀin ꀀthe ꀀcoming ꀀdecade. ꀀThe ꀀuse ꀀof ꀀrobots ꀀfor ꀀtraining ꀀand ꀀin ꀀ
therapy ꀀis ꀀin ꀀits ꀀearly ꀀstages ꀀof ꀀdevelopment. ꀀThe ꀀuse ꀀof ꀀrobots ꀀfor ꀀrehabilita4on ꀀ
is ꀀexpected ꀀto ꀀexpand ꀀsignificantly ꀀin ꀀthe ꀀcoming ꀀdecade.

Healthcare

Technology
• Improved ꀀteleopera:on ꀀand ꀀ

physical ꀀinterac:on

• Miniaturised ꀀmechanical ꀀ
systems ꀀand ꀀsensing

• Mul:ple ꀀdegree ꀀof ꀀfreedom ꀀtac괠㴀
:le ꀀfeedback

• Inherently ꀀsafe ꀀsystems

• Monitoring ꀀof ꀀpa:ent ꀀcondi:on ꀀ
and ꀀimproved ꀀdata ꀀinterpreta괠㴀
:on ꀀduring ꀀprocedures

Application Scenario
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Impact ꀀand ꀀMarket
The ꀀimpact ꀀon ꀀsurgical ꀀoutcomes ꀀis ꀀbecoming ꀀwell ꀀunderstood ꀀand ꀀthis ꀀwill ꀀhelp ꀀguide ꀀthe ꀀfuture ꀀapplica:ons ꀀof ꀀ
tele괠㴀operated ꀀsurgical ꀀmachines. ꀀEurope ꀀhas ꀀconsiderable ꀀexper:se ꀀin ꀀthe ꀀapplica:on ꀀof ꀀrobo:cs ꀀin ꀀhealthcare ꀀ
and ꀀit ꀀis ꀀimportant ꀀthat ꀀthis ꀀis ꀀgeared ꀀup ꀀso ꀀthat ꀀinnova:ons ꀀreach ꀀthe ꀀmarket ꀀplace.

It ꀀis ꀀalso ꀀexpected ꀀthat ꀀrobo:cs ꀀtechnology ꀀwill ꀀhave ꀀan ꀀimpact ꀀon ꀀthe ꀀtraining ꀀof ꀀclinical ꀀprofessionals ꀀthrough ꀀ
the ꀀuse ꀀof ꀀphysically ꀀinterac:ve ꀀsystems ꀀable ꀀto ꀀprovide ꀀdirect ꀀexperience ꀀwithout ꀀrisk ꀀand ꀀto ꀀsimulate ꀀspecific ꀀ
condi:ons ꀀin ꀀorder ꀀto ꀀbecer ꀀprepare ꀀclinicians.

In ꀀrehabilita:on ꀀrobots ꀀcan ꀀprovide ꀀthe ꀀrepe::ve ꀀand ꀀprogressive ꀀexercise ꀀbased ꀀon ꀀmeasured ꀀpa:ent ꀀprogress ꀀ
that ꀀ is ꀀ known ꀀ to ꀀ provide ꀀ becer ꀀ outcomes. ꀀ In ꀀ:me ꀀ such ꀀ systems ꀀmay ꀀbecome ꀀportable ꀀ and ꀀdeployable ꀀ in ꀀ pa괠㴀
:ents ꀀhomes.

Scenario
John, ꀀaged ꀀ14, ꀀwas ꀀbeginning ꀀto ꀀforget ꀀthe ꀀpain ꀀof ꀀtwo ꀀweeks ꀀago. ꀀHis ꀀknee ꀀtwisted ꀀ in ꀀan ꀀ ill괠㴀advised ꀀfootball ꀀ
tackle. ꀀMinor ꀀsurgery ꀀto ꀀreconnect ꀀthe ꀀligaments, ꀀperformed ꀀby ꀀa ꀀsemi괠㴀autonomous ꀀrobot ꀀsurgeon, ꀀhe ꀀcould ꀀjust ꀀ
about ꀀwatch ꀀthe ꀀcomplementary ꀀvideo ꀀwithout ꀀwincing. ꀀNow ꀀhe ꀀwas ꀀsiSng ꀀin ꀀthe ꀀmachine ꀀthe ꀀhospital ꀀhad ꀀsent ꀀ
him ꀀhome ꀀwith. ꀀIts ꀀmechanical ꀀstructures ꀀprinted ꀀto ꀀmatch ꀀhis ꀀleg ꀀand ꀀfoot ꀀsize. ꀀIts ꀀsensors ꀀmonitoring ꀀhis ꀀexer괠㴀
:on ꀀand ꀀextension ꀀa ꀀcomfor:ng ꀀvoice ꀀtelling ꀀhim ꀀto ꀀslow ꀀdown. ꀀThe ꀀrepe::ve ꀀexercises ꀀwere ꀀstar:ng ꀀto ꀀget ꀀbor괠㴀
ing; ꀀhe ꀀfelt ꀀhe ꀀshould ꀀbe ꀀback ꀀplaying ꀀagain.

Rehabilita:on ꀀsession ꀀfinished, ꀀthe ꀀmachine ꀀreprogrammed ꀀthe ꀀnow ꀀrecharged ꀀwearable ꀀknee ꀀsupport, ꀀaltering ꀀ
the ꀀs:ffness ꀀand ꀀdynamic ꀀresponse ꀀto ꀀaccount ꀀfor ꀀhis ꀀimproved ꀀswing. ꀀThe ꀀrehab ꀀmachine ꀀunlocked ꀀthe ꀀbrace ꀀ
around ꀀhis ꀀleg ꀀwith ꀀa ꀀsmooth ꀀwhir ꀀand ꀀhe ꀀfelt ꀀthe ꀀfull ꀀweight ꀀof ꀀhis ꀀlower ꀀleg ꀀagain ꀀwith ꀀa ꀀslight ꀀtwinge. ꀀMaybe ꀀ
the ꀀmachine ꀀwas ꀀright, ꀀno ꀀfootball ꀀyet.

His ꀀmother ꀀ reacached ꀀ the ꀀwearable ꀀknee ꀀ support ꀀ so ꀀ that ꀀhe ꀀcould ꀀget ꀀ to ꀀ school ꀀon ꀀ:me, ꀀ thankful ꀀ that ꀀ they ꀀ
weren’t ꀀhaving ꀀto ꀀmake ꀀa ꀀhospital ꀀtrip ꀀevery ꀀweek.
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Descrip$on
There ꀀare ꀀa ꀀconsiderable ꀀnumber ꀀof ꀀapplica4ons ꀀfor ꀀrobo4cs ꀀtechnology ꀀin ꀀAgri괠㴀
culture. ꀀA ꀀsmall ꀀnumber ꀀhave ꀀalready ꀀbeen ꀀsuccessfully ꀀautomated. ꀀThe ꀀadvan괠㴀
tages ꀀare ꀀsignificant ꀀin ꀀterms ꀀof ꀀimproved ꀀyield, ꀀland ꀀuse, ꀀenvironmental ꀀimpact ꀀ
and ꀀmanagement. ꀀThe ꀀability ꀀto ꀀgather ꀀdata ꀀand ꀀassess ꀀthe ꀀstate ꀀof ꀀcrops ꀀand ꀀlive괠㴀
stock ꀀprovides ꀀsignificant ꀀopportunity ꀀfor ꀀefficiency ꀀimprovements. ꀀExtending ꀀro괠㴀
bo4cs ꀀtechnology ꀀto ꀀfruit ꀀand ꀀvegetable ꀀharves4ng ꀀwill ꀀprovide ꀀfurther ꀀopportuni괠㴀
4es ꀀto ꀀprovide ꀀin괠㴀field ꀀprocessing ꀀand ꀀpacking.

The ꀀuse ꀀof ꀀautonomous ꀀor ꀀsemi괠㴀autonomous ꀀfarm ꀀvehicles ꀀ ꀀthat ꀀcan ꀀcommuni괠㴀
cate ꀀand ꀀsynchronise ꀀ ꀀmovements ꀀwill ꀀenable ꀀthe ꀀseamless ꀀtransport ꀀof ꀀcrops ꀀ
from ꀀthe ꀀfield ꀀto ꀀensure ꀀan ꀀeven ꀀand ꀀefficient ꀀflow ꀀof ꀀproduct ꀀinto ꀀthe ꀀpacking ꀀ
and ꀀdistribu4on ꀀsystem. ꀀSelec4ve ꀀharves4ng ꀀproduce ꀀin ꀀop4mum ꀀcondi4on ꀀleav괠㴀
ing ꀀunripe ꀀproduct ꀀin ꀀthe ꀀfield ꀀto ꀀmature ꀀwill ꀀimprove ꀀyields. ꀀTraceability ꀀwill ꀀbe ꀀ
built ꀀinto ꀀthe ꀀsystem, ꀀeach ꀀload ꀀtagged ꀀat ꀀsource ꀀwith ꀀfield ꀀand ꀀcrop ꀀdata, ꀀfarm ꀀ
sta4s4cs, ꀀyields ꀀmonitored, ꀀsoil ꀀcondi4on, ꀀpest ꀀlevels, ꀀand ꀀnutrients ꀀall ꀀmonitored ꀀ
as ꀀharves4ng ꀀproceeds ꀀallowing ꀀ“big ꀀdata” ꀀprocessing ꀀto ꀀop4mise ꀀthe ꀀfarming ꀀ
process.

Time ꀀScale
Milking ꀀsystems ꀀare ꀀalready ꀀwidely ꀀdeployed. ꀀFirst ꀀstage ꀀsemi괠㴀autonomous ꀀfarm ꀀ
vehicles ꀀare ꀀclose ꀀto ꀀmarket ꀀin ꀀa ꀀnumber ꀀof ꀀapplica4ons. ꀀWithin ꀀfive ꀀto ꀀten ꀀyears ꀀ
the ꀀlevels ꀀof ꀀautoma4on ꀀare ꀀexpected ꀀto ꀀincrease ꀀsignificantly ꀀpar4cularly ꀀin ꀀar괠㴀
able ꀀfarming ꀀand ꀀlivestock ꀀmanagement.

Agriculture

Technology
• Predic:ve ꀀand ꀀdistributed ꀀplan괠㴀

ning

• Crop ꀀand ꀀlivestock ꀀassessment ꀀ
and ꀀrecogni:on ꀀof ꀀcondi:on

• Produce ꀀhandling ꀀand ꀀprocessing

• Synchronisa:on ꀀand ꀀcoordina괠㴀
:on ꀀbetween ꀀfarm ꀀvehicles ꀀand ꀀ
with ꀀprocessing ꀀequipment.

• In괠㴀field ꀀlocalisa:on ꀀand ꀀcommuni괠㴀
ca:on.

Application Scenario
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Impact ꀀand ꀀMarket
Agriculture ꀀ is ꀀcost ꀀdriven, ꀀunit ꀀcosts ꀀand ꀀyield ꀀ improvements ꀀare ꀀthe ꀀonly ꀀreal ꀀargument ꀀfor ꀀautoma:on. ꀀHow괠㴀
ever ꀀautoma:on ꀀ is ꀀalso ꀀexpected ꀀto ꀀdeliver ꀀon ꀀ improvements ꀀ in ꀀenvironmental ꀀ impact ꀀfor ꀀexample ꀀwith ꀀselec괠㴀
:ve ꀀpes:cide ꀀdosing, ꀀreduced ꀀlevels ꀀof ꀀground ꀀcompac:on ꀀand ꀀhigher ꀀlevels ꀀof ꀀland ꀀu:lisa:on. ꀀWithin ꀀthe ꀀsup괠㴀
ply ꀀchain ꀀfrom ꀀfield ꀀto ꀀshelf ꀀthe ꀀability ꀀto ꀀsynchronise ꀀthe ꀀdelivery ꀀprocess ꀀshould ꀀenable ꀀsmoother ꀀflows ꀀto ꀀproc괠㴀
essing ꀀ plants ꀀ and ꀀ faster ꀀ delivery ꀀ :mes. ꀀThe ꀀ use ꀀ of ꀀ greater ꀀ in괠㴀field ꀀ processing ꀀwill ꀀ reduce ꀀ the ꀀ need ꀀ for ꀀ post괠㴀
processing ꀀand ꀀthe ꀀimproved ꀀcrop ꀀyields ꀀmake ꀀthe ꀀfarming ꀀprocess ꀀmore ꀀcost ꀀeffec:ve. ꀀ

Improved ꀀplanning ꀀsystems ꀀand ꀀbecer ꀀdata ꀀcapture ꀀwill ꀀenable ꀀa ꀀ“big ꀀdata” ꀀapproach ꀀto ꀀfarming ꀀ impac:ng ꀀon ꀀ
the ꀀoverall ꀀefficiency ꀀof ꀀthe ꀀwider ꀀsystem.

Scenario
Jacob ꀀ55 ꀀgrew ꀀup ꀀon ꀀa ꀀfarm, ꀀhe ꀀdrove ꀀhis ꀀfirst ꀀtractor ꀀat ꀀthe ꀀage ꀀof ꀀ12. ꀀToday ꀀthe ꀀwheat ꀀharvest ꀀstarts. ꀀThe ꀀtwo ꀀ
combine ꀀharvesters ꀀare ꀀlined ꀀup ꀀwai:ng ꀀfor ꀀthe ꀀfield ꀀdata ꀀnetwork ꀀto ꀀboot. ꀀA ꀀfew ꀀminutes ꀀlater ꀀthe ꀀstart ꀀbucon ꀀ
turns ꀀfrom ꀀorange ꀀto ꀀgreen ꀀand ꀀhe ꀀhears ꀀthe ꀀready ꀀsound ꀀin ꀀhis ꀀear ꀀphones. ꀀHe ꀀpushes ꀀthe ꀀbucon ꀀand ꀀthe ꀀtwo ꀀ
combines ꀀmove ꀀoff ꀀin ꀀunison. ꀀThe ꀀmutual ꀀexchange ꀀof ꀀ loca:on ꀀdata ꀀand ꀀthe ꀀsharing ꀀof ꀀsensors ꀀacross ꀀthe ꀀnet괠㴀
work ꀀallow ꀀthe ꀀtwo ꀀcomplex ꀀmachines ꀀto ꀀwork ꀀtogether ꀀefficiently.

The ꀀgrain ꀀlorry ꀀwaits ꀀat ꀀthe ꀀedge ꀀof ꀀthe ꀀfield. ꀀOnce ꀀregistered ꀀonto ꀀthe ꀀlocal ꀀdata ꀀnetwork ꀀit ꀀstarts ꀀcommunica괠㴀
:on ꀀwith ꀀthe ꀀcombines. ꀀIts ꀀdriver ꀀpresses ꀀthe ꀀstart ꀀbucon ꀀand ꀀthe ꀀlorry, ꀀnow ꀀunder ꀀthe ꀀcontrol ꀀof ꀀthe ꀀcombines, ꀀ
approaches ꀀthem. ꀀGrain ꀀstarts ꀀto ꀀflow ꀀfrom ꀀthe ꀀsilos ꀀwithin ꀀthe ꀀcombine. ꀀSensors ꀀmonitor ꀀthe ꀀflow ꀀof ꀀthe ꀀgrain ꀀ
and ꀀknow ꀀthe ꀀcapacity ꀀof ꀀthe ꀀlorry. ꀀIts ꀀpath ꀀback ꀀto ꀀthe ꀀroad ꀀploced ꀀto ꀀminimise ꀀground ꀀcompac:on. ꀀIt ꀀstops ꀀat ꀀ
the ꀀfield ꀀedge ꀀand ꀀlogs ꀀout ꀀof ꀀthe ꀀnetwork, ꀀmanual ꀀcontrol ꀀhanded ꀀback ꀀto ꀀits ꀀdriver.

Jacob ꀀchecks ꀀover ꀀthe ꀀsystems ꀀand ꀀdispatches ꀀthe ꀀremote ꀀcombine ꀀto ꀀthe ꀀfield ꀀedge ꀀas ꀀhe ꀀfinishes ꀀthe ꀀfinal ꀀstrip. ꀀ
In ꀀconvoy ꀀthey ꀀmove ꀀto ꀀthe ꀀnext ꀀfield.
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Descrip$on
The ꀀdelivery ꀀof ꀀservices ꀀby ꀀcivil ꀀauthori4es ꀀprovides ꀀan ꀀopportunity ꀀto ꀀdeploy ꀀro괠㴀
bo4c ꀀtechnology ꀀto ꀀincrease ꀀservice ꀀlevels ꀀand ꀀprovide ꀀaddi4onal ꀀservices ꀀmore ꀀ
cost ꀀeffec4vely. ꀀAcross ꀀEurope ꀀa ꀀbroad ꀀrange ꀀof ꀀservices ꀀare ꀀmanaged ꀀby ꀀcivil ꀀ
authori4es. ꀀTypical ꀀpoten4al ꀀapplica4ons ꀀinclude ꀀcivil ꀀinfrastructure ꀀservices, ꀀ
such ꀀas ꀀurban ꀀmaintenance ꀀand ꀀcleaning; ꀀpolicing ꀀservices, ꀀsuch ꀀas ꀀborder ꀀand ꀀ
site ꀀsurveillance, ꀀor ꀀcrowd ꀀmanagement; ꀀemergency ꀀservices, ꀀsuch ꀀas ꀀdisaster ꀀ
management ꀀor ꀀSearch ꀀand ꀀRescue; ꀀrural ꀀservices, ꀀsuch ꀀas ꀀenvironment ꀀsurveil괠㴀
lance, ꀀLaw ꀀenforcement ꀀservices ꀀsuch ꀀas ꀀhuman ꀀofficers ꀀsupport ꀀin ꀀrou4ne ꀀpre괠㴀
ven4on ꀀopera4ons. ꀀThere ꀀis ꀀcon4nuous ꀀpressure ꀀto ꀀreduce ꀀcosts ꀀand ꀀyet ꀀin괠㴀
crease ꀀor ꀀmaintain ꀀthese ꀀservices.

Some ꀀaspects ꀀof ꀀcivil ꀀapplica4on ꀀinvolve ꀀthe ꀀuse ꀀof ꀀmul4ple ꀀrobot ꀀsystems ꀀu4lis괠㴀
ing ꀀdata ꀀgathered ꀀform ꀀdifferent ꀀloca4ons ꀀand ꀀopera4ng ꀀenvironments ꀀinte괠㴀
grated ꀀwith ꀀhuman ꀀoperators ꀀand ꀀsemi괠㴀autonomous ꀀsystems.

Time ꀀScale
Some ꀀapplica4ons ꀀare ꀀalready ꀀbeing ꀀtargeted, ꀀnot ꀀonly ꀀwith ꀀteleopera4on. ꀀIn ꀀ5 ꀀto ꀀ
10 ꀀyears ꀀautonomous ꀀinspec4on ꀀin ꀀthe ꀀair ꀀand ꀀunder ꀀwater ꀀwill ꀀbecome ꀀmore ꀀef괠㴀
fec4ve.

Civil

Technology
• Mission ꀀand ꀀtask ꀀplanning, ꀀpar괠㴀

:cularly ꀀbetween ꀀmul:ple ꀀmo괠㴀
dali:es.

• Sensing, ꀀpercep:on ꀀand ꀀinterpre괠㴀
ta:on ꀀof ꀀthe ꀀenvironment.

• Coopera:ve ꀀand ꀀdistributed ꀀ
planning ꀀfor ꀀmul:ple ꀀrobots.

• Cogni:ve ꀀtechnologies ꀀfor ꀀas괠㴀
sessment ꀀand ꀀhigh ꀀlevel ꀀinterpre괠㴀
ta:on.

• Human ꀀrobot ꀀinterac:on.
Application Scenario
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Impact ꀀand ꀀMarket
Many ꀀdifferent ꀀmarkets ꀀwill ꀀ use ꀀ robots ꀀ for ꀀ environmental ꀀmonitoring: ꀀ area ꀀ surveillance ꀀ of ꀀ people ꀀ and ꀀ goods, ꀀ
monitoring ꀀcrops ꀀfrom ꀀthe ꀀair, ꀀemissions ꀀfrom ꀀindustrial ꀀprocesses, ꀀwater ꀀquality ꀀin ꀀharbours ꀀand ꀀat ꀀsea. ꀀInspec괠㴀
:on ꀀof ꀀthe ꀀcivil ꀀinfrastructure, ꀀbridges, ꀀreservoirs, ꀀpower ꀀlines ꀀcan ꀀall ꀀbe ꀀcarried ꀀout ꀀmore ꀀefficiently ꀀwith ꀀrobot ꀀ
help ꀀincluding ꀀthe ꀀability ꀀto ꀀwork ꀀ24/7. ꀀThe ꀀability ꀀto ꀀmaintain ꀀthe ꀀnuclear ꀀpower ꀀinfrastructure ꀀmay ꀀdepend ꀀon ꀀ
robots ꀀbeing ꀀable ꀀto ꀀcarry ꀀout ꀀmaintenance ꀀtasks ꀀthat ꀀwould ꀀotherwise ꀀbe ꀀimpossible, ꀀthus ꀀsignificantly ꀀextend괠㴀
ing ꀀthe ꀀlife:me ꀀof ꀀreactors. ꀀSimilar ꀀimpacts ꀀon ꀀother ꀀmajor ꀀcivil ꀀinfrastructures ꀀsuch ꀀas ꀀroads ꀀand ꀀpipelines ꀀalso ꀀ
have ꀀthe ꀀpoten:al ꀀto ꀀreduce ꀀcosts ꀀby ꀀiden:fying ꀀmaintenance ꀀissues ꀀearlier.

Scenario
Karl ꀀworks ꀀas ꀀthe ꀀdeputy ꀀmanager ꀀof ꀀinspec:on ꀀautonomy ꀀat ꀀa ꀀlarge ꀀcontainer ꀀport ꀀhandling ꀀcargo ꀀships ꀀfrom ꀀall ꀀ
over ꀀthe ꀀworld, ꀀ24 ꀀhours ꀀa ꀀday ꀀseven ꀀdays ꀀa ꀀweek. ꀀBuilt ꀀup ꀀover ꀀ30 ꀀyears ꀀit ꀀcontains ꀀbuildings ꀀand ꀀinfrastructure ꀀ
preda:ng ꀀthe ꀀdigital ꀀera ꀀand ꀀ in ꀀvarying ꀀcondi:on. ꀀNew ꀀregula:on ꀀon ꀀpollu:on, ꀀ import ꀀrestric:ons, ꀀsafety, ꀀand ꀀ
the ꀀneed ꀀfor ꀀcon:nuous ꀀopera:on ꀀrequire ꀀcon:nual ꀀinspec:on ꀀand ꀀmonitoring.

He ꀀand ꀀhis ꀀteam ꀀof ꀀfive, ꀀmanage ꀀthe ꀀintegrated ꀀfleet ꀀof ꀀautonomous ꀀair ꀀand ꀀsea ꀀvehicles, ꀀsome ꀀ200 ꀀin ꀀtotal, ꀀthat ꀀ
inspect ꀀand ꀀmonitor ꀀthe ꀀthe ꀀ50 ꀀsquare ꀀkilometres ꀀof ꀀthe ꀀport. ꀀIt ꀀis ꀀraining ꀀand ꀀthere ꀀis ꀀa ꀀmist ꀀhanging ꀀover ꀀthe ꀀ
port.

A ꀀpollu:on ꀀmonitor ꀀvessel ꀀhas ꀀdetected ꀀan ꀀoil ꀀspill ꀀin ꀀone ꀀof ꀀthe ꀀbusier ꀀdocks ꀀand ꀀis ꀀnow ꀀmonitoring ꀀthe ꀀextent ꀀ
of ꀀthe ꀀspill ꀀand ꀀits ꀀunderwater ꀀvolume. ꀀKarl ꀀapproves ꀀits ꀀrequest ꀀfor ꀀassistance ꀀand ꀀthree ꀀother ꀀmonitor ꀀcraV ꀀare ꀀ
directed ꀀto ꀀhelp. ꀀTen ꀀair ꀀvehicles ꀀself괠㴀preparing ꀀwith ꀀthe ꀀcorrect ꀀdispersant ꀀfor ꀀthe ꀀoil ꀀtype. ꀀKarl ꀀcareful ꀀexamines ꀀ
the ꀀdata ꀀas ꀀit ꀀarrives ꀀfrom ꀀthe ꀀmonitors ꀀwhen ꀀthey ꀀsurface ꀀto ꀀcommunicate.

Slowly ꀀa ꀀpicture ꀀof ꀀthe ꀀspill ꀀemerges ꀀtogether ꀀwith ꀀthe ꀀpredic:on ꀀof ꀀits ꀀdriV ꀀwith ꀀcurrents ꀀand ꀀ:des. ꀀA ꀀsample ꀀ
analysis ꀀ iden:fies ꀀ the ꀀsource ꀀof ꀀ the ꀀ leak ꀀand ꀀ the ꀀship ꀀoperator ꀀ is ꀀcontacted. ꀀHe ꀀapproves ꀀ the ꀀdispatch ꀀof ꀀ the ꀀ
boom ꀀcontrol ꀀvehicles ꀀas ꀀthey ꀀwill ꀀtake ꀀthe ꀀlongest ꀀto ꀀarrive. ꀀThe ꀀport ꀀwide ꀀdata ꀀsystem ꀀprovides ꀀthem ꀀwith ꀀnavi괠㴀
ga:on ꀀthrough ꀀthe ꀀbusy ꀀharbour ꀀmoment ꀀto ꀀmoment.

The ꀀspill ꀀvolume ꀀassessed ꀀhe ꀀdispatches ꀀ5 ꀀdispersant ꀀdrones. ꀀHe ꀀsits ꀀback ꀀand ꀀmonitors ꀀ the ꀀother ꀀ5 ꀀon괠㴀going ꀀ
monitoring ꀀac:ons ꀀhappening ꀀat ꀀthe ꀀsame ꀀ:me, ꀀregular ꀀ inspec:ons ꀀof ꀀ infrastructure, ꀀunderwater ꀀmaintenance ꀀ
of ꀀshipping ꀀchannels, ꀀpollu:on ꀀmonitoring ꀀat ꀀthe ꀀoil ꀀterminal. ꀀAll ꀀwithout ꀀinterrup:ng ꀀthe ꀀopera:on ꀀof ꀀthe ꀀport.
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Descrip$on
Robo4cs ꀀtechnology ꀀhas ꀀbeen ꀀused ꀀin ꀀthe ꀀoil ꀀand ꀀgas ꀀsector ꀀfor ꀀmany ꀀyears. ꀀIt ꀀis ꀀ
now ꀀfinding ꀀuse ꀀin ꀀmines ꀀand ꀀin ꀀtunnel ꀀconstruc4on ꀀto ꀀreduce ꀀrisks. ꀀU4lity ꀀcom괠㴀
panies ꀀmanage ꀀwide ꀀspread ꀀinfrastructure ꀀthat ꀀneeds ꀀto ꀀmaintain ꀀhigh ꀀavailability ꀀ
and ꀀrobo4cs ꀀtechnology ꀀwill ꀀcontribute ꀀto ꀀinspec4on ꀀand ꀀmaintenance ꀀtasks. ꀀ
There ꀀis ꀀpoten4al ꀀapplica4on ꀀin ꀀlow ꀀcost ꀀconstruc4on ꀀand ꀀbuilding ꀀmaintenance. ꀀ
Commercial ꀀcleaning ꀀin ꀀpublic ꀀspaces, ꀀand ꀀin ꀀthe ꀀtransport ꀀnetwork ꀀall ꀀlend ꀀthem괠㴀
selves ꀀto ꀀrobo4cs ꀀtechnology ꀀalthough ꀀin ꀀmost ꀀcases ꀀthe ꀀeconomics ꀀare ꀀdifficult ꀀ
to ꀀjus4fy. ꀀIn ꀀthe ꀀretail ꀀsector ꀀthe ꀀuse ꀀof ꀀrobots ꀀto ꀀmarket ꀀproducts ꀀand ꀀprovide ꀀa ꀀ
physical ꀀinterface ꀀto ꀀservices ꀀis ꀀbeginning ꀀto ꀀbe ꀀexplored.

Time ꀀScale
Con4nued ꀀincremental ꀀuse ꀀof ꀀrobo4cs ꀀis ꀀexpected ꀀin ꀀthe ꀀmining, ꀀminerals ꀀand ꀀ
u4li4es ꀀand ꀀservice ꀀsectors. ꀀApplica4ons ꀀwill ꀀbe ꀀdriven ꀀby ꀀcost ꀀeffec4ve ꀀdelivery ꀀ
of ꀀservices ꀀand ꀀniche ꀀapplica4ons ꀀare ꀀlikely ꀀto ꀀemerge ꀀin ꀀthe ꀀcoming ꀀfive ꀀto ꀀten ꀀ
years. ꀀThe ꀀearly ꀀdiagnosis ꀀof ꀀpoten4al ꀀproblems ꀀin ꀀthe ꀀenergy ꀀsupply ꀀchain ꀀpro괠㴀
vides ꀀan ꀀopportunity ꀀfor ꀀu4lity ꀀcompanies ꀀto ꀀdeploy ꀀrobo4c ꀀmonitoring, ꀀthis ꀀis ꀀex괠㴀
pected ꀀto ꀀdevelop ꀀsignificantly ꀀin ꀀthe ꀀcoming ꀀdecade. ꀀCommercial ꀀinspec4on ꀀ
tasks ꀀare ꀀlikely ꀀto ꀀexpand ꀀtheir ꀀuse ꀀof ꀀaerial ꀀand ꀀmarine ꀀrobo4cs ꀀin ꀀthe ꀀcoming ꀀ
decade. ꀀIt ꀀis ꀀexpected ꀀthat ꀀthe ꀀretail ꀀuse ꀀof ꀀrobo4cs ꀀwill ꀀincrease ꀀas ꀀthe ꀀcost ꀀof ꀀde괠㴀
ployment ꀀreduces. ꀀ

Commercial

Technology
• Safety ꀀintegrated ꀀdesign ꀀproc괠㴀

esses

• Physical ꀀhuman ꀀrobot ꀀinterac:on

• Long ꀀterm ꀀautonomy

• Light ꀀweight ꀀrobust ꀀmechanical ꀀ
structures

Application Scenario
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Impact ꀀand ꀀMarket
The ꀀimpact ꀀof ꀀrobo:cs ꀀtechnology ꀀin ꀀthe ꀀmining ꀀand ꀀmineral ꀀsector ꀀis ꀀalready ꀀwell ꀀunderstood, ꀀboth ꀀin ꀀterms ꀀof ꀀ
risk ꀀreduc:on ꀀfor ꀀworkers ꀀand ꀀin ꀀterms ꀀof ꀀmaintaining ꀀa ꀀworking ꀀinfrastructure.

There ꀀare ꀀsimilar ꀀopportuni:es ꀀfor ꀀapplica:on ꀀin ꀀother ꀀparts ꀀof ꀀthe ꀀu:li:es ꀀsector ꀀin ꀀthe ꀀmaintenance ꀀof ꀀpower ꀀ
lines, ꀀand ꀀin ꀀother ꀀwidely ꀀdistributed ꀀservice ꀀinfrastructures.

In ꀀcommercial ꀀcleaning ꀀthe ꀀeconomic ꀀcomparison ꀀwith ꀀlow ꀀpaid ꀀworkers ꀀis ꀀa ꀀbarrier ꀀto ꀀdeployment ꀀand ꀀdevelop괠㴀
ment. ꀀIn ꀀthe ꀀconstruc:on ꀀsector ꀀas ꀀdeployment ꀀcosts ꀀlower ꀀthere ꀀmay ꀀbe ꀀan ꀀimpact ꀀon ꀀsome ꀀfunc:ons ꀀpar:cu괠㴀
larly ꀀin ꀀthe ꀀuse ꀀof ꀀco괠㴀workers ꀀand ꀀexoskeletons.

The ꀀnovelty ꀀaspect ꀀof ꀀretail ꀀuse ꀀwill ꀀaccelerate ꀀonce ꀀdeployment ꀀcosts ꀀreduce. ꀀLonger ꀀterm ꀀretail ꀀuse ꀀwill ꀀdepend ꀀ
on ꀀthe ꀀimpact ꀀand ꀀeffec:veness ꀀof ꀀthe ꀀdeployed ꀀtechnology.

Scenario
This ꀀwas ꀀthe ꀀfirst ꀀ:me ꀀKurt ꀀhad ꀀworked ꀀon ꀀan ꀀautomated ꀀbuilding ꀀsite. ꀀHe ꀀwasn’t ꀀsure ꀀquite ꀀwhat ꀀto ꀀexpect. ꀀHe ꀀ
was ꀀa ꀀfully ꀀqualified ꀀxskeleton ꀀoperator ꀀand ꀀwas ꀀbored ꀀof ꀀworking ꀀin ꀀthe ꀀshipyard, ꀀbuild ꀀhouses ꀀsounded ꀀinterest괠㴀
ing. ꀀThe ꀀsite ꀀforeman ꀀshowed ꀀhim ꀀround. ꀀBright ꀀyellow ꀀmachines ꀀseemed ꀀto ꀀbe ꀀon ꀀor ꀀin ꀀevery ꀀhouse ꀀbeing ꀀbuilt, ꀀ
thick ꀀblack ꀀ cables ꀀ stretching ꀀback ꀀ to ꀀpower ꀀunits. ꀀTrench ꀀdiggers, ꀀ concrete ꀀ extruders, ꀀwindow ꀀficers, ꀀ roofers ꀀ
each ꀀmachine ꀀplaying ꀀits ꀀpart. ꀀEach ꀀgroup ꀀof ꀀhouses ꀀunder ꀀconstruc:on ꀀwith ꀀan ꀀxskeleton ꀀoperator. ꀀTasked ꀀwith ꀀ
moving ꀀthe ꀀbuilding ꀀmachines ꀀbetween ꀀtasks ꀀand ꀀsor:ng ꀀout ꀀproblems, ꀀ jammed ꀀfeeds, ꀀunexpected ꀀtree ꀀroots, ꀀ
and ꀀmaking ꀀsure ꀀthe ꀀautomated ꀀsupply ꀀtrucks ꀀunloaded ꀀcorrectly. ꀀKurt ꀀbuddied ꀀup ꀀwith ꀀJohn ꀀwho ꀀwill ꀀtake ꀀhim ꀀ
through ꀀthe ꀀdaily ꀀbuild ꀀcycle. ꀀKurt’s ꀀsimulator ꀀtraining ꀀthe ꀀday ꀀbefore ꀀmeant ꀀhe ꀀknew ꀀhow ꀀit ꀀwas ꀀsupposed ꀀto ꀀ
work, ꀀbut ꀀthere ꀀwas ꀀalways ꀀsomething ꀀdifferent ꀀin ꀀthis ꀀtype ꀀof ꀀjob.

Kurt ꀀsat ꀀback ꀀea:ng ꀀhis ꀀsandwich, ꀀlooking ꀀout ꀀover ꀀthe ꀀsite, ꀀmachines ꀀcon:nued ꀀto ꀀmove ꀀand ꀀwork, ꀀxskeleton ꀀ
operators ꀀshiVing ꀀloads, ꀀin ꀀan ꀀhour ꀀthe ꀀsun ꀀwould ꀀbe ꀀup.
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Descrip$on
Warehouses ꀀare ꀀwell ꀀorganised ꀀand ꀀincreasingly ꀀrobots ꀀare ꀀdeployed ꀀon ꀀa ꀀlarge ꀀ
scale ꀀto ꀀpick ꀀand ꀀorganise ꀀitems ꀀfor ꀀdelivery. ꀀWhile ꀀthere ꀀare ꀀs4ll ꀀefficiency ꀀgains ꀀ
to ꀀbe ꀀmade ꀀfrom ꀀop4mising ꀀthe ꀀautoma4on ꀀof ꀀlarge ꀀwarehouses ꀀthe ꀀentry ꀀand ꀀ
exit ꀀof ꀀgoods ꀀfrom ꀀthe ꀀwarehouse ꀀis ꀀs4ll ꀀa ꀀpoten4al ꀀbo[leneck. ꀀAutoma4ng ꀀthe ꀀ
unpacking ꀀof ꀀcontainers ꀀand ꀀpallets ꀀand ꀀthe ꀀautoma4c ꀀstacking ꀀof ꀀlorries ꀀare ꀀthe ꀀ
next ꀀsteps ꀀin ꀀreducing ꀀcosts ꀀin ꀀthe ꀀdelivery ꀀprocess. ꀀThese ꀀtasks ꀀwill ꀀinvolve ꀀsig괠㴀
nificant ꀀinterac4on ꀀwith ꀀpeople ꀀas ꀀthey ꀀcollaborate ꀀto ꀀpack ꀀand ꀀunpack ꀀgoods.

Time ꀀScale
Incremental ꀀmilestones ꀀin ꀀniche ꀀareas ꀀof ꀀwarehouse ꀀmanagement ꀀmay ꀀbe ꀀreal괠㴀
ised ꀀwithin ꀀa ꀀfew ꀀyears. ꀀIt ꀀwill ꀀtake ꀀ10 ꀀto ꀀ15 ꀀyears ꀀfor ꀀhighly ꀀreliable, ꀀcoopera4ve ꀀ
systems ꀀto ꀀbe ꀀdeployed.

Logis6cs ꀀand ꀀTransport

Technology
• Interac:on ꀀtechnology.

• Compliant ꀀmechanical ꀀsystems.

• 3D ꀀenvironment ꀀinterpreta:on.

• Task ꀀplanning ꀀand ꀀop:misa:on.

Application Scenario
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Impact ꀀand ꀀMarket
The ꀀmajor ꀀimpact ꀀwill ꀀbe ꀀin ꀀthe ꀀreduc:on ꀀof ꀀcosts ꀀin ꀀthe ꀀwarehouse ꀀand ꀀin ꀀdelivery ꀀsystems, ꀀthis ꀀwill ꀀaffect ꀀmanu괠㴀
facturing ꀀ industry, ꀀ parts ꀀdistribu:on, ꀀ food ꀀand ꀀgoods ꀀdistribu:on. ꀀThe ꀀpoten:al ꀀwhen ꀀcombined ꀀwith ꀀ autono괠㴀
mous ꀀ transport ꀀ is ꀀ to ꀀaddress ꀀ the ꀀchallenge ꀀof ꀀ “warehouse ꀀ to ꀀdoor” ꀀ systems ꀀproviding ꀀa ꀀnear ꀀop:mal ꀀdelivery ꀀ
process.

Scenario
Andrew ꀀ secles ꀀ into ꀀ the ꀀ autocar, ꀀ states ꀀ his ꀀ des:na:on ꀀ and ꀀ the ꀀ door ꀀ closes. ꀀHe ꀀ accesses ꀀ his ꀀ documents ꀀ and ꀀ
starts ꀀwork. ꀀ The ꀀ autocar ꀀ joins ꀀ the ꀀ flow ꀀ of ꀀ vehicles ꀀ heading ꀀ out ꀀ to ꀀ the ꀀ industrial ꀀ zone. ꀀ His ꀀ parking ꀀ space ꀀ is ꀀ
booked ꀀand ꀀthe ꀀtransit ꀀto ꀀhis ꀀoffice ꀀplanned ꀀinto ꀀthe ꀀzone ꀀpersonal ꀀtransport ꀀsystem. ꀀThe ꀀautocar ꀀtrims ꀀits ꀀspeed ꀀ
to ꀀsynchronise ꀀarrival ꀀat ꀀthe ꀀport.

He ꀀ looks ꀀup ꀀat ꀀ the ꀀgrey ꀀ sky, ꀀ some ꀀ things ꀀare ꀀ s:ll ꀀ unaffected ꀀby ꀀ robots. ꀀAndrew ꀀmanages ꀀ2000m2 ꀀof ꀀ autono괠㴀
mous ꀀsystems ꀀin ꀀa ꀀgeneral ꀀpurpose ꀀmanufacturing ꀀplant ꀀspecialising ꀀin ꀀwooden ꀀproducts. ꀀToday ꀀthey ꀀare ꀀmaking ꀀ
5000 ꀀwooden ꀀgarden ꀀseats, ꀀtomorrow ꀀ10000 ꀀ“craVed” ꀀfruit ꀀbowls. ꀀRaw ꀀmaterials ꀀarrived ꀀovernight ꀀwhile ꀀthe ꀀfi괠㴀
nal ꀀbatch ꀀof ꀀyesterday’s ꀀproduct ꀀwas ꀀcomple:ng. ꀀTwo ꀀhours ꀀto ꀀclean ꀀdown ꀀmachines ꀀand ꀀchangeover ꀀtools ꀀand ꀀ
manufacture ꀀstarts ꀀagain ꀀat ꀀ8:00. ꀀ

The ꀀfactory ꀀemploys ꀀthree ꀀtechnical ꀀstaff ꀀto ꀀdeal ꀀwith ꀀmaintenance ꀀand ꀀsystem ꀀprogramming ꀀand ꀀa ꀀwood ꀀspecial괠㴀
ist ꀀable ꀀto ꀀdesign ꀀproducts ꀀto ꀀorder ꀀand ꀀdevise ꀀthe ꀀmanufacturing ꀀsequence ꀀand ꀀa ꀀsmall ꀀsales ꀀteam. ꀀEach ꀀwork ꀀ
cell ꀀcan ꀀproduce ꀀa ꀀsingle ꀀitem ꀀor ꀀwork ꀀin ꀀsequence ꀀwith ꀀthe ꀀnext. ꀀMaterial ꀀis ꀀfed ꀀfrom ꀀthe ꀀstores ꀀto ꀀthe ꀀfactory ꀀ
floor ꀀby ꀀa ꀀcollec:on ꀀof ꀀmobile ꀀplanorms ꀀworking ꀀtogether ꀀto ꀀtransport ꀀindividual ꀀitems ꀀor ꀀpallets ꀀof ꀀparts ꀀand ꀀma괠㴀
terials. ꀀFinished ꀀgoods ꀀare ꀀsent ꀀto ꀀthe ꀀpacking ꀀbay ꀀat ꀀthe ꀀrear ꀀof ꀀthe ꀀfactory, ꀀpacked ꀀand ꀀmade ꀀready ꀀfor ꀀauto괠㴀
ma:c ꀀtransport ꀀto ꀀthe ꀀlocal ꀀhub ꀀwarehouse.

The ꀀwhole ꀀsystem ꀀis ꀀself ꀀmonitoring, ꀀinspec:on ꀀand ꀀquality ꀀcontrol ꀀfully ꀀautomated. ꀀ

At ꀀ8:00 ꀀAndrew ꀀclicks ꀀthe ꀀstart ꀀbucon ꀀhaving ꀀchecked ꀀthe ꀀnight ꀀschedule ꀀand ꀀmaintenance ꀀreports. ꀀA ꀀred ꀀbea괠㴀
con ꀀflashes, ꀀthe ꀀfactory ꀀstarts. ꀀAndrew’s ꀀautocar ꀀglides ꀀto ꀀa ꀀhalt. ꀀ
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Descrip$on
The ꀀmarket ꀀfor ꀀdomes4c ꀀrobo4c ꀀappliances; ꀀfloor ꀀcleaning, ꀀlawn ꀀmowing ꀀand ꀀ
pool ꀀcleaning ꀀis ꀀwell ꀀestablished. ꀀThere ꀀare ꀀnumerous ꀀsuppliers ꀀin ꀀthe ꀀfloor ꀀclean괠㴀
ing ꀀsector, ꀀhowever ꀀthe ꀀlevel ꀀof ꀀmarket ꀀpenetra4on ꀀis ꀀs4ll ꀀvery ꀀlow. ꀀStep ꀀchanges ꀀ
in ꀀfunc4on ꀀmay ꀀbe ꀀrequired ꀀbefore ꀀautonomous ꀀcleaners ꀀbecome ꀀa ꀀfirst ꀀchoice ꀀ
device. ꀀOther ꀀapplica4on ꀀareas ꀀfor ꀀdomes4c ꀀappliances ꀀare ꀀat ꀀlower ꀀlevels ꀀof ꀀma괠㴀
turity, ꀀfor ꀀexample ꀀwindow ꀀcleaning ꀀand ꀀsecurity ꀀrobots. ꀀThe ꀀconsumer ꀀdomain ꀀ
also ꀀcovers ꀀeduca4on ꀀand ꀀentertainment ꀀwhere ꀀthere ꀀhas ꀀbeen ꀀniche ꀀdevelop괠㴀
ment ꀀover ꀀthe ꀀpast ꀀdecade ꀀwith ꀀtoys ꀀand ꀀkits.

The ꀀsocietal ꀀimpact ꀀof ꀀapplying ꀀrobo4cs ꀀtechnology ꀀto ꀀassis4ve ꀀliving ꀀin ꀀthe ꀀcon괠㴀
sumer ꀀmarket ꀀhas ꀀconsiderable ꀀpoten4al. ꀀThese ꀀpresent ꀀsignificant ꀀchallenges ꀀto ꀀ
all ꀀtechnology ꀀareas, ꀀnot ꀀleast ꀀin ꀀhuman ꀀrobot ꀀinterac4on ꀀand ꀀin ꀀmaking ꀀcompact ꀀ
efficient ꀀmachines. ꀀEarly ꀀapplica4ons ꀀare ꀀlikely ꀀto ꀀcentre ꀀon ꀀmobility ꀀassistance ꀀ
within ꀀthe ꀀhome ꀀand ꀀlater ꀀextend ꀀto ꀀother ꀀlife ꀀfunc4ons. ꀀThe ꀀageing ꀀsociety ꀀpro괠㴀
vides ꀀa ꀀstrong ꀀimpera4ve ꀀto ꀀdevelop ꀀthese ꀀsystems.

Time ꀀScale
It ꀀis ꀀstrongly ꀀexpected ꀀthat ꀀthe ꀀdomes4c ꀀappliance ꀀmarket ꀀwill ꀀachieve ꀀsignificant ꀀ
growth ꀀin ꀀthe ꀀcoming ꀀdecade ꀀas ꀀit ꀀbecomes ꀀmore ꀀcost ꀀeffec4ve ꀀto ꀀdeliver ꀀmore ꀀ
complex ꀀand ꀀsmarter ꀀtechnology. ꀀCost ꀀand ꀀdependability ꀀare ꀀmajor ꀀdriving ꀀfac괠㴀
tors. ꀀOther ꀀdomes4c ꀀapplica4ons ꀀwill ꀀalso ꀀcome ꀀto ꀀmarket ꀀas ꀀthe ꀀtechnology ꀀbe괠㴀
comes ꀀavailable. ꀀThe ꀀsame ꀀtechnology ꀀwill ꀀalso ꀀdrive ꀀapplica4ons ꀀin ꀀentertain괠㴀
ment ꀀand ꀀeduca4on ꀀwhere ꀀincremental ꀀprogress ꀀis ꀀexpected.

It ꀀis ꀀexpected ꀀthat ꀀthe ꀀintroduc4on ꀀof ꀀassis4ve ꀀaids ꀀusing ꀀrobo4cs ꀀtechnology ꀀ
will ꀀtake ꀀsome ꀀ4me ꀀto ꀀestablish, ꀀearly ꀀexamples ꀀof ꀀrobot ꀀarms ꀀand ꀀsemi괠㴀
autonomous ꀀwheelchairs ꀀalready ꀀexist ꀀin ꀀthe ꀀdisability ꀀmarket. ꀀThe ꀀwider ꀀapplica괠㴀
4on ꀀof ꀀrobo4cs ꀀtechnology ꀀin ꀀassis4ve ꀀaids ꀀfor ꀀthe ꀀwider ꀀpopula4on ꀀis ꀀs4ll ꀀunder ꀀ
development ꀀand ꀀit ꀀmay ꀀtake ꀀa ꀀdecade ꀀbefore ꀀdevices ꀀare ꀀdeployed.

Consumer

Technology
• Improved ꀀsensing ꀀof ꀀthe ꀀsurround괠㴀

ing ꀀenvironment.

• Improved ꀀinterpreta:on ꀀof ꀀthe ꀀen괠㴀
vironment.

• Low ꀀcost ꀀsensing

• Physical ꀀhuman ꀀrobot ꀀinterfaces.

• Improved ꀀenergy ꀀefficient ꀀsystems.

Application Scenario
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Impact ꀀand ꀀMarket
The ꀀprimary ꀀimpact ꀀof ꀀrobo:c ꀀdomes:c ꀀappliances ꀀis ꀀin ꀀsaving ꀀ:me ꀀby ꀀoffloading ꀀeveryday ꀀchores. ꀀFor ꀀthis ꀀto ꀀbe ꀀ
effec:ve ꀀthese ꀀrobo:c ꀀappliances ꀀmust ꀀbe ꀀfunc:onally ꀀdependable. ꀀOnce ꀀthis ꀀis ꀀestablished ꀀthe ꀀmarket ꀀwill ꀀac괠㴀
celerate. ꀀA ꀀsecondary ꀀeffect ꀀis ꀀthat ꀀthese ꀀfunc:ons ꀀwill ꀀbe ꀀcarried ꀀout ꀀmore ꀀregularly ꀀand ꀀubiquitously.

In ꀀeduca:on ꀀthe ꀀuse ꀀof ꀀrobo:cs ꀀto ꀀengage ꀀ  ꀀchildren ꀀin ꀀscience ꀀand ꀀtechnology ꀀis ꀀalready ꀀwell ꀀestablished, ꀀit ꀀis ꀀ
possible ꀀthis ꀀmay ꀀextend ꀀto ꀀother ꀀareas ꀀof ꀀstudy ꀀand ꀀul:mately ꀀinto ꀀsports ꀀcoaching. ꀀAs ꀀthe ꀀcost ꀀof ꀀrobo:cs ꀀtech괠㴀
nology ꀀreduces ꀀthe ꀀopportuni:es ꀀto ꀀdevelop ꀀtoys ꀀbased ꀀon ꀀrobots ꀀwill ꀀexpand ꀀjust ꀀas ꀀit ꀀhas ꀀwith ꀀembedded ꀀcom괠㴀
puter ꀀtechnology.

The ꀀlong ꀀterm ꀀsocietal ꀀimpact ꀀof ꀀassis:ve ꀀtechnology ꀀfor ꀀmobility ꀀis ꀀconsiderable. ꀀThe ꀀability ꀀto ꀀmonitor ꀀand ꀀas괠㴀
sist ꀀthe ꀀelderly ꀀat ꀀhome ꀀhas ꀀthe ꀀpoten:al ꀀto ꀀmake ꀀa ꀀsignificant ꀀimpact ꀀon ꀀthe ꀀchallenges ꀀpresented ꀀby ꀀan ꀀageing ꀀ
society.

Scenario
Jo ꀀshuts ꀀthe ꀀfront ꀀdoor ꀀbehind ꀀher, ꀀthe ꀀchildren ꀀare ꀀscrambling ꀀinto ꀀthe ꀀcar, ꀀthey ꀀdrive ꀀoff ꀀto ꀀschool. ꀀBehind ꀀher ꀀ
the ꀀbreakfast ꀀtable ꀀis ꀀa ꀀmess. ꀀThe ꀀkitchen ꀀfloor ꀀhas ꀀcrumbs ꀀand ꀀbits ꀀof ꀀcereal ꀀon ꀀit. ꀀThere ꀀare ꀀclothes ꀀon ꀀthe ꀀbed괠㴀
room ꀀfloor, ꀀbooks ꀀand ꀀa ꀀmagazine ꀀin ꀀthe ꀀlounge. ꀀThe ꀀbathroom ꀀfloor ꀀis ꀀwet ꀀand ꀀa ꀀtowel ꀀis ꀀdraped ꀀover ꀀthe ꀀside ꀀ
of ꀀthe ꀀbath. ꀀA ꀀtap ꀀis ꀀrunning ꀀin ꀀthe ꀀdownstairs ꀀwash ꀀbasin. ꀀThe ꀀlights ꀀare ꀀon ꀀin ꀀthe ꀀhallway.

Jo ꀀopens ꀀthe ꀀdoor ꀀthe ꀀchildren ꀀrush ꀀin, ꀀschool ꀀbags ꀀflung ꀀto ꀀthe ꀀfloor. ꀀThe ꀀsmell ꀀof ꀀsupper ꀀcooking ꀀwaVs ꀀthrough ꀀ
the ꀀhouse, ꀀshe ꀀremembers ꀀwhat ꀀshe ꀀordered ꀀvia ꀀthe ꀀphone ꀀapp ꀀat ꀀlunch ꀀ:me, ꀀaVer ꀀbeing ꀀprompted. ꀀThe ꀀkitchen ꀀ
is ꀀclean ꀀand ꀀ:dy, ꀀalong ꀀwith ꀀevery ꀀother ꀀroom ꀀin ꀀthe ꀀhouse. ꀀA ꀀload ꀀof ꀀwashing ꀀis ꀀfinishing ꀀits ꀀspin ꀀcycle. ꀀThe ꀀdish괠㴀
washer ꀀis ꀀhalf ꀀfull ꀀwai:ng… ꀀThe ꀀlights ꀀare ꀀon ꀀagain ꀀin ꀀthe ꀀhallway.

The ꀀfront ꀀdoor ꀀbell ꀀrings. ꀀThe ꀀsupermarket ꀀdelivery ꀀhas ꀀarrived. ꀀJo ꀀpacks ꀀthe ꀀitems ꀀaway ꀀeach ꀀone ꀀscanned ꀀinto ꀀ
place. ꀀThe ꀀchildren ꀀplay ꀀbefore ꀀsupper. ꀀJo ꀀcalls ꀀthem ꀀas ꀀshe ꀀsets ꀀthe ꀀtable. ꀀA ꀀgreen ꀀlight ꀀon ꀀa ꀀclosed ꀀkitchen ꀀunit ꀀ
fades ꀀon ꀀand ꀀoff ꀀslowly ꀀthen ꀀstays ꀀlit; ꀀthe ꀀsystem ꀀis ꀀready ꀀto ꀀstart ꀀagain.
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Robo:cs ꀀwill ꀀbe ꀀfundamental ꀀto ꀀmee:ng ꀀthese ꀀchal괠㴀
lenges ꀀsustainably, ꀀhumanely ꀀand ꀀcost괠㴀effec:vely. ꀀIn ꀀ
each ꀀof ꀀthese ꀀchallenges ꀀthere ꀀare ꀀfuture ꀀopportuni:es ꀀ
that ꀀstretch ꀀtechnical ꀀcapability, ꀀorganisa:onal ꀀstructures ꀀ
and ꀀthe ꀀingenuity ꀀof ꀀthe ꀀcommunity.

The ꀀfollowing ꀀmajor ꀀEuropean ꀀsocietal ꀀchallenges ꀀhave ꀀ
ben ꀀiden:fied ꀀand ꀀare ꀀspecifically ꀀtarget ꀀwithin ꀀHorizon ꀀ
2020. ꀀRobo:cs ꀀtechnology ꀀhas ꀀthe ꀀpoten:al ꀀto ꀀimpact ꀀ
on ꀀa ꀀnumber ꀀof ꀀthese ꀀchallenges ꀀboth ꀀdirectly ꀀand ꀀindi괠㴀
rectly.

• Health, ꀀdemographic ꀀchange ꀀand ꀀwellbeing;

• Food ꀀsecurity, ꀀsustainable ꀀagriculture, ꀀmarine ꀀand ꀀ
mari:me ꀀresearch, ꀀand ꀀthe ꀀbio괠㴀economy;

• Secure, ꀀclean ꀀand ꀀefficient ꀀenergy;

• Smart, ꀀgreen ꀀand ꀀintegrated ꀀtransport;

• Inclusive, ꀀinnova:ve ꀀand ꀀsecure ꀀsocie:es;

• Climate ꀀac:on, ꀀresource ꀀefficiency ꀀand ꀀraw ꀀmateri괠㴀
als.

By ꀀtheir ꀀnature ꀀthese ꀀchallenges ꀀare ꀀbeyond ꀀthe ꀀreach ꀀof ꀀ
current ꀀtechnical ꀀcapability, ꀀthey ꀀrequire ꀀthe ꀀcohesive ꀀin괠㴀
tegra:on ꀀof ꀀa ꀀwide ꀀrange ꀀof ꀀdifferent ꀀexper:se ꀀand ꀀcorre괠㴀
sponding ꀀchanges ꀀin ꀀinfrastructure ꀀand ꀀsocietal ꀀand ꀀlegal ꀀ

59Applications: Section 9

Societal ꀀChallenges

In ꀀ certain ꀀ areas ꀀ of ꀀ applica$on ꀀ robo$cs ꀀ has ꀀ a ꀀ
pivotal ꀀrole ꀀto ꀀplay ꀀin ꀀaddressing ꀀsome ꀀof ꀀthe ꀀkey ꀀ
societal ꀀchallenges ꀀfacing ꀀEurope ꀀand ꀀthe ꀀrest ꀀof ꀀ
the ꀀ world ꀀ in ꀀ areas ꀀ as ꀀ diverse ꀀ as ꀀ demographic ꀀ
change, ꀀ health ꀀ and ꀀwell괠㴀being, ꀀ food ꀀproduc$on, ꀀ
transport ꀀand ꀀsecurity.
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frameworks ꀀfor ꀀtheir ꀀeventual ꀀimplementa:on ꀀto ꀀbe ꀀeffec:ve.

The ꀀpoten:al ꀀof ꀀrobo:cs ꀀtechnology ꀀto ꀀprovide ꀀimproved ꀀhealth괠㴀
care ꀀin ꀀa ꀀclinical ꀀseSng ꀀis ꀀwell ꀀunderstood. ꀀThe ꀀlong ꀀterm ꀀimpact ꀀ
of ꀀrobo:cs ꀀon ꀀthe ꀀchallenge ꀀof ꀀdemographic ꀀchange ꀀthrough ꀀthe ꀀ
provision ꀀof ꀀassis:ve ꀀrobots ꀀand ꀀcompanions ꀀto ꀀhelp ꀀan ꀀageing ꀀ
popula:on ꀀrequires ꀀstep ꀀchanges ꀀin ꀀtechnical ꀀcapability.

In ꀀagriculture ꀀand ꀀfood ꀀproduc:on ꀀrobo:cs ꀀoffers ꀀclear ꀀadvan괠㴀
tages ꀀboth ꀀto ꀀraising ꀀefficiency ꀀand ꀀyield, ꀀavoiding ꀀwaste ꀀand ꀀpro괠㴀
viding ꀀincreased ꀀfood ꀀsecurity ꀀby ꀀmaximising ꀀthe ꀀu:lisa:on ꀀof ꀀ
resources. ꀀThe ꀀlong ꀀterm ꀀimpact ꀀof ꀀrobo:cs ꀀtechnology ꀀin ꀀthis ꀀ
area ꀀis ꀀlikely ꀀto ꀀbe ꀀsignificant.

Remotely ꀀoperated ꀀrobots ꀀhave ꀀplayed ꀀa ꀀsignificant ꀀrole ꀀin ꀀthe ꀀ
provision ꀀof ꀀoil ꀀand ꀀgas ꀀfrom ꀀunder괠㴀sea ꀀsources. ꀀThe ꀀpoten:al ꀀof ꀀ
robo:cs ꀀin ꀀmaintaining ꀀand ꀀdecommissioning ꀀkey ꀀenergy ꀀinfra괠㴀
structure ꀀin ꀀorder ꀀto ꀀprovide ꀀsecurity ꀀand ꀀminimise ꀀenviron괠㴀
mental ꀀimpact ꀀis ꀀwidely ꀀrecognised. ꀀNuclear ꀀplant, ꀀpipelines ꀀand ꀀ
distribu:on ꀀnetworks ꀀcan ꀀall ꀀbenefit ꀀfrom ꀀadvances ꀀin ꀀrobo:cs ꀀ
technology.

Robo:cs ꀀtechnology ꀀhas ꀀthe ꀀpoten:al ꀀto ꀀdeliver ꀀan ꀀimportant ꀀ
part ꀀof ꀀachieving ꀀsmart ꀀintegrated ꀀtransport, ꀀimproving ꀀroad ꀀu:li괠㴀
sa:on, ꀀreducing ꀀaccidents ꀀand ꀀfuel ꀀconsump:on ꀀand ꀀimproving ꀀ
conges:on ꀀby ꀀop:mising ꀀflows. ꀀCoupled ꀀto ꀀtransport ꀀcommuni괠㴀
ca:on ꀀnetworks ꀀthe ꀀsensor ꀀinforma:on ꀀgathered ꀀby ꀀautono괠㴀
mous ꀀvehicles ꀀwill ꀀprovide ꀀthe ꀀraw ꀀresource ꀀfor ꀀtraffic ꀀmonitor괠㴀
ing ꀀand ꀀmanagement.

Finally, ꀀautomated ꀀmanufacture ꀀcan ꀀplay ꀀa ꀀrole ꀀin ꀀminimising ꀀ
waste ꀀand ꀀin ꀀop:mising ꀀthe ꀀuse ꀀof ꀀresources. ꀀRobo:cs ꀀhas ꀀthe ꀀ

poten:al ꀀto ꀀcause ꀀmanufacturing ꀀto ꀀbe ꀀrelocated ꀀback ꀀto ꀀEurope ꀀ
with ꀀa ꀀconsequen:al ꀀimpact ꀀon ꀀlong ꀀdistance ꀀtransport ꀀand ꀀthe ꀀ
becer ꀀu:lisa:on ꀀof ꀀraw ꀀmaterials ꀀsourced ꀀwithin ꀀEurope.

In ꀀeach ꀀchallenge ꀀthere ꀀare ꀀclear ꀀintermediate ꀀmilestones ꀀand ꀀ
goals, ꀀvaluable ꀀin ꀀtheir ꀀown ꀀright, ꀀthat ꀀcan ꀀbe ꀀachieved, ꀀbut ꀀ
which ꀀon ꀀtheir ꀀown ꀀwill ꀀnot ꀀnecessarily ꀀlead ꀀto ꀀthe ꀀintegrated ꀀso괠㴀
lu:ons ꀀthese ꀀchallenges ꀀrequire. ꀀOnly ꀀa ꀀstructured ꀀand ꀀinte괠㴀
grated ꀀcollabora:on ꀀbetween ꀀacademia, ꀀindustry ꀀand ꀀthe ꀀpublic ꀀ
sector ꀀcan ꀀhope ꀀto ꀀachieve ꀀthese ꀀgoals ꀀand ꀀSPARC ꀀprovides ꀀthe ꀀ
mechanisms ꀀfor ꀀthe ꀀgenesis ꀀof ꀀthis ꀀcollabora:on.

Achieving ꀀthese ꀀlong ꀀterm ꀀgoals ꀀrequires ꀀforesight ꀀand ꀀpersis괠㴀
tence ꀀdriven ꀀby ꀀthe ꀀknowledge ꀀthat ꀀtheir ꀀimpact ꀀwill ꀀbe ꀀtransfor괠㴀
ma:ve.

If ꀀEurope ꀀis ꀀto ꀀmeet ꀀthese ꀀchallenges ꀀthen ꀀit ꀀmust ꀀresource ꀀtheir ꀀ
solu:on. ꀀThey ꀀaffect ꀀEurope ꀀjust ꀀas ꀀdirectly ꀀas ꀀthey ꀀaffect ꀀevery ꀀ
other ꀀmajor ꀀcompe:tor. ꀀIt ꀀis ꀀnot ꀀin ꀀEurope’s ꀀinterest ꀀto ꀀstand ꀀby ꀀ
and ꀀwait ꀀfor ꀀothers ꀀto ꀀproduce ꀀsolu:ons. ꀀInstead ꀀEurope ꀀshould ꀀ
be ꀀaiming ꀀto ꀀcreate ꀀglobal ꀀmarkets ꀀfrom ꀀthem.

The ꀀfollowing ꀀbrief ꀀoutlines ꀀrepresent ꀀa ꀀtaste ꀀof ꀀwhat ꀀmight ꀀbe괠㴀
come ꀀpossible ꀀin ꀀthe ꀀlong ꀀterm.

Societal Challenges 60
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The ꀀdemographic ꀀshiO ꀀto ꀀa ꀀEuropean ꀀpopulaIon ꀀwith ꀀa ꀀfar ꀀ
higher ꀀproporIon ꀀof ꀀelderly ꀀpeople ꀀis ꀀwell ꀀunderstood. ꀀThe ꀀper괠㴀
centage ꀀof ꀀelderly ꀀpeople ꀀin ꀀmany ꀀEuropean ꀀsocieIes ꀀwill ꀀex괠㴀
ceed ꀀ30% ꀀby ꀀ2050.

Caring ꀀfor ꀀthis ꀀolder ꀀpopula:on ꀀwill ꀀplace ꀀa ꀀsignificant ꀀburden ꀀon ꀀ
a ꀀgenera:on ꀀof ꀀyounger ꀀpeople ꀀand ꀀon ꀀthe ꀀstate. ꀀFinding ꀀeffec괠㴀
:ve ꀀtechnical ꀀsolu:ons ꀀto ꀀproviding ꀀcare ꀀfor ꀀelderly ꀀpeople ꀀis ꀀ
one ꀀof ꀀa ꀀrange ꀀof ꀀmeasures ꀀrequired ꀀto ꀀreduce ꀀthe ꀀsocial ꀀand ꀀeco괠㴀
nomic ꀀimpact ꀀof ꀀthis ꀀfuture ꀀchange.

Robo:cs ꀀhas ꀀa ꀀpart ꀀto ꀀplay ꀀat ꀀmany ꀀstages ꀀin ꀀthis ꀀchallenge. ꀀ
Firstly ꀀin ꀀproviding ꀀautoma:on ꀀin ꀀthe ꀀhome ꀀthrough ꀀimproved ꀀ
autonomous ꀀsystems ꀀfor ꀀeveryday ꀀac:vi:es ꀀsuch ꀀas ꀀcleaning ꀀ
and ꀀfood ꀀprepara:on, ꀀallowing ꀀan ꀀolder ꀀperson ꀀto ꀀmaintain ꀀtheir ꀀ
living ꀀenvironment ꀀwith ꀀless ꀀexternal ꀀhelp. ꀀSecondly ꀀin ꀀproviding ꀀ
personal ꀀassistance ꀀin ꀀmobility ꀀand ꀀpersonal ꀀcare ꀀas ꀀthese ꀀtasks ꀀ
restrict ꀀthe ꀀability ꀀof ꀀthe ꀀfrail ꀀelderly ꀀto ꀀcon:nue ꀀliving ꀀat ꀀhome. ꀀ
Robots ꀀmay ꀀalso ꀀbe ꀀable ꀀto ꀀprovide ꀀcogni:ve ꀀsupport ꀀas ꀀwell ꀀas ꀀ
being ꀀable ꀀto ꀀmonitor ꀀa ꀀperson’s ꀀstate ꀀeither ꀀsummoning ꀀexter괠㴀
nal ꀀhelp ꀀwhen ꀀneeded, ꀀor ꀀsimply ꀀproviding ꀀsocial ꀀcontact. ꀀThese ꀀ
robo:c ꀀsystems ꀀwill ꀀneed ꀀto ꀀintegrate ꀀinto ꀀcommunica:on ꀀframe괠㴀
works ꀀand ꀀremote ꀀhealth ꀀmonitoring ꀀsystems, ꀀinto ꀀthe ꀀinternet ꀀ
of ꀀthings ꀀand ꀀhome ꀀappliances ꀀthat ꀀwill ꀀhave ꀀgrown ꀀin ꀀtheir ꀀabil괠㴀
ity ꀀto ꀀbe ꀀcontrolled ꀀremotely.

Through ꀀphysical ꀀinterac:on ꀀRobots ꀀcan ꀀprovide ꀀassistance ꀀ
when ꀀneeded, ꀀaid ꀀmobility, ꀀand ꀀreduce ꀀbarriers ꀀto ꀀindepend괠㴀
ence. ꀀThis ꀀphysical ꀀassistance ꀀwill ꀀenable ꀀlonger ꀀlife, ꀀand, ꀀwhen ꀀ
used ꀀto ꀀpromote ꀀexercise ꀀand ꀀwellbeing, ꀀprovide ꀀa ꀀpreventa:ve ꀀ
benefit ꀀto ꀀcounterbalance ꀀthe ꀀageing ꀀprocess.

Ageing ꀀSociety

Societal Challenge
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The ꀀgrowth ꀀof ꀀthe ꀀcivil ꀀinfrastructure ꀀhas ꀀbeen ꀀrapid ꀀin ꀀthe ꀀlast ꀀ
50 ꀀyears ꀀboth ꀀon ꀀland ꀀand ꀀat ꀀsea, ꀀdriven ꀀby ꀀgrowth ꀀand ꀀprosper괠㴀
ity.

While ꀀmuch ꀀof ꀀthis ꀀinfrastructure ꀀcan ꀀbe ꀀeasily ꀀreplaced ꀀand ꀀ
transformed ꀀthere ꀀare ꀀparts ꀀof ꀀit ꀀthat ꀀare ꀀhazardous ꀀand ꀀrepre괠㴀
sent ꀀan ꀀenvironmental ꀀchallenge ꀀduring ꀀdecommissioning ꀀand ꀀre괠㴀
placement. ꀀAs ꀀthis ꀀhazardous ꀀinfrastructure ꀀdecays ꀀin ꀀthe ꀀcom괠㴀
ing ꀀdecades ꀀit ꀀwill ꀀbecome ꀀmore ꀀcri:cal ꀀto ꀀincrease ꀀthe ꀀrate ꀀof ꀀ
decommissioning. ꀀIn ꀀmany ꀀcases ꀀthese ꀀinstalla:ons ꀀcontain ꀀun괠㴀
known ꀀchallenges. ꀀIt ꀀis ꀀwidely ꀀunderstood ꀀthat ꀀrobots ꀀcan ꀀplay ꀀa ꀀ
key ꀀrole ꀀin ꀀfirst ꀀproviding ꀀaccurate ꀀassessments ꀀof ꀀthe ꀀstate ꀀof ꀀ
these ꀀstructures ꀀwithout ꀀendangering ꀀpeople ꀀand ꀀto ꀀmaintain ꀀa ꀀ
periodic ꀀassessment ꀀso ꀀthat ꀀrates ꀀof ꀀdeteriora:on ꀀcan ꀀbe ꀀmoni괠㴀
tored ꀀand ꀀ:mely ꀀac:on ꀀtaken. ꀀSecondly ꀀrobots ꀀcan ꀀbe ꀀdesigned ꀀ
to ꀀcarry ꀀout ꀀthis ꀀdecommissioning ꀀwhich ꀀoVen ꀀhas ꀀto ꀀtake ꀀplace ꀀ
in ꀀenvironments ꀀhazardous ꀀto ꀀhumans. ꀀ

Robots ꀀcan ꀀcooperate ꀀin ꀀways ꀀthat ꀀhumans ꀀcannot, ꀀthey ꀀcan ꀀen괠㴀
dure ꀀfor ꀀlonger ꀀunder ꀀhazardous ꀀcondi:ons ꀀand ꀀuse ꀀsensors ꀀto ꀀ
monitor ꀀand ꀀinspect ꀀprogress ꀀfar ꀀmore ꀀefficiently ꀀthan ꀀa ꀀhuman ꀀ
can. ꀀThe ꀀeffect ꀀof ꀀthis ꀀdeployment ꀀwill ꀀbe ꀀto ꀀreduce ꀀrisk ꀀand ꀀ
costs ꀀand ꀀensure ꀀprogress ꀀis ꀀnot ꀀlimited ꀀby ꀀhuman ꀀskill ꀀshortage, ꀀ
nor ꀀby ꀀuncertainty. ꀀ

Secure ꀀEnergy

Societal Challenge
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There ꀀis ꀀconsiderable ꀀworldwide ꀀinterest ꀀin ꀀautonomous ꀀtrans괠㴀
port. ꀀRoboIcs ꀀtechnologies ꀀare ꀀat ꀀthe ꀀcore ꀀof ꀀthis ꀀchallenge. ꀀ

The ꀀincreasing ꀀautoma:on ꀀin ꀀwarehousing ꀀcombined ꀀwith ꀀ
autonomous ꀀtransport ꀀprovides ꀀthe ꀀopportunity ꀀto ꀀautomate ꀀ
from ꀀ“warehouse ꀀto ꀀdoor”. ꀀThis ꀀimplementa:on ꀀof ꀀwide ꀀarea ꀀ
automa:on ꀀwill ꀀbe ꀀapplicable ꀀto ꀀretail ꀀchains ꀀsuch ꀀas ꀀsupermar괠㴀
kets ꀀwhere ꀀloading ꀀand ꀀunloading ꀀsystems ꀀcan ꀀbe ꀀinstalled ꀀat ꀀ
each ꀀend ꀀof ꀀthe ꀀdelivery ꀀprocess. ꀀThe ꀀincen:ve ꀀto ꀀautomate ꀀthis ꀀ
type ꀀof ꀀgoods ꀀtransport ꀀis ꀀbased ꀀon ꀀgreater ꀀlevels ꀀof ꀀstock ꀀcon괠㴀
trol ꀀand ꀀfaster ꀀrestocking ꀀ:mes.

These ꀀtypes ꀀof ꀀsystems ꀀmay ꀀs:ll ꀀbe ꀀviable ꀀeven ꀀif ꀀthe ꀀrange ꀀof ꀀ
transport ꀀautonomy ꀀis ꀀincomplete ꀀ(for ꀀexample ꀀrestricted ꀀto ꀀ
motorways) ꀀbecause ꀀa ꀀsignificant ꀀpart ꀀof ꀀthe ꀀgain ꀀis ꀀin ꀀthe ꀀpack괠㴀
ing ꀀand ꀀunpacking ꀀof ꀀgoods ꀀvehicles ꀀand ꀀthe ꀀintegra:on ꀀinto ꀀlo괠㴀
cal ꀀwarehouses. ꀀIn ꀀ:me ꀀsmarter ꀀroad ꀀtransport ꀀhas ꀀthe ꀀpoten:al ꀀ
to ꀀprovide ꀀa ꀀtruly ꀀflexible ꀀintegrated ꀀtransport ꀀsystem ꀀwith ꀀon ꀀ
demand, ꀀsmall ꀀscale, ꀀtransport ꀀhandling ꀀthe ꀀ“final ꀀkilometre”.

The ꀀimpact ꀀof ꀀautonomous ꀀtransport ꀀon ꀀboth ꀀroad ꀀu:lisa:on ꀀ
and ꀀenergy ꀀconsump:on ꀀwill ꀀtake ꀀ:me ꀀto ꀀtake ꀀeffect. ꀀThe ꀀtrans괠㴀
port ꀀinfrastructure ꀀis ꀀwell ꀀestablished ꀀand ꀀit ꀀwill ꀀrequire ꀀadapta괠㴀
:on ꀀto ꀀaccommodate ꀀthe ꀀoVen ꀀenvisaged ꀀclose ꀀconvoy ꀀcar ꀀ
trains. ꀀThe ꀀmore ꀀimmediate ꀀapplica:on ꀀof ꀀrobo:cs ꀀtechnology ꀀin ꀀ
warehouses ꀀand ꀀin ꀀdelivery ꀀsystems ꀀwill ꀀprovide ꀀmore ꀀimmedi괠㴀
ate ꀀbenefits. ꀀ

Smart ꀀTransport

Societal Challenge
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Robot ꀀTechnologies
An ꀀintroduc4on ꀀto ꀀtechnologies ꀀand ꀀhow ꀀ
they ꀀare ꀀiden4fied. ꀀThe ꀀimpact ꀀof ꀀtechnol괠㴀
ogy ꀀstep ꀀchanges.

Technology ꀀClusters ꀀ
Technologies ꀀcan ꀀbe ꀀgrouped ꀀinto ꀀclusters ꀀ
based ꀀon ꀀthe ꀀimpact ꀀthey ꀀhave ꀀon ꀀrobot ꀀde괠㴀
sign ꀀgoals. ꀀDetails ꀀfor ꀀeach ꀀkey ꀀtechnology ꀀ
and ꀀtargets ꀀfor ꀀ2020.

Technology ꀀCombinations
Combining ꀀtechnologies ꀀacross ꀀtechnology ꀀ
boundaries ꀀcreates ꀀnew ꀀopportuni4es.

Technology ꀀAssessment
Examining ꀀthe ꀀcapability ꀀof ꀀindividual ꀀ
technologies ꀀand ꀀthe ꀀneed ꀀfor ꀀa ꀀbenchmark ꀀ
process ꀀfor ꀀtechnologies ꀀthat ꀀallows ꀀpro괠㴀
gress ꀀto ꀀbe ꀀmeasured.
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For ꀀEurope’s ꀀsuccess ꀀit ꀀwill ꀀbe ꀀvital ꀀto ꀀcapitalise ꀀon ꀀits ꀀex괠㴀
is:ng ꀀstrong ꀀacademic ꀀbase ꀀthrough ꀀwell괠㴀managed ꀀtech괠㴀
nology ꀀtransfer. ꀀHowever, ꀀEurope ꀀcannot ꀀafford ꀀto ꀀonly ꀀ
concentrate ꀀon ꀀareas ꀀof ꀀstrength, ꀀit ꀀwill ꀀalso ꀀneed ꀀto ꀀfos괠㴀
ter ꀀtechnologies ꀀthat ꀀcould ꀀbecome ꀀcri:cal ꀀbarriers ꀀto ꀀ
market. ꀀAccess ꀀto ꀀthe ꀀfull ꀀspectrum ꀀof ꀀtechnologies ꀀis ꀀ
needed ꀀto ꀀbuild ꀀa ꀀstrong ꀀrobot ꀀmarket.

While ꀀa ꀀnumber ꀀof ꀀtechnologies ꀀused ꀀwithin ꀀrobo:cs ꀀare ꀀ
imported ꀀfrom ꀀother ꀀdomains ꀀ(for ꀀexample ꀀbacery ꀀpower ꀀ
supplies ꀀand ꀀcommunica:on ꀀsystems) ꀀthe ꀀprimary ꀀ
technologies ꀀthat ꀀbuild ꀀrobots ꀀare ꀀdeveloped ꀀwithin ꀀthe ꀀ
robo:cs ꀀcommunity. ꀀIn ꀀseeking ꀀto ꀀbuild ꀀa ꀀstrong ꀀtechni괠㴀
cal ꀀbase ꀀwithin ꀀEurope ꀀboth ꀀinvestment ꀀin ꀀfundamental ꀀ
research, ꀀand ꀀthe ꀀmeans ꀀto ꀀbring ꀀtechnology ꀀto ꀀmarket ꀀ
are ꀀequally ꀀimportant.

For ꀀthose ꀀtechnologies ꀀthat ꀀare ꀀnot ꀀdirectly ꀀdeveloped ꀀ
within ꀀthe ꀀrobo:cs ꀀcommunity ꀀit ꀀis ꀀs:ll ꀀimportant ꀀto ꀀun괠㴀
derstand ꀀtheir ꀀplace ꀀin ꀀthe ꀀspectrum ꀀof ꀀtechnologies ꀀand ꀀ
to ꀀunderstand ꀀthe ꀀlimita:ons ꀀthat ꀀwill ꀀbe ꀀplaced ꀀon ꀀprod괠㴀
ucts ꀀby ꀀtheir ꀀcapability ꀀprogression.

Technologies ꀀcross ꀀboundaries ꀀbetween ꀀapplica:on ꀀdo괠㴀
mains. ꀀEach ꀀapplica:on ꀀdomain ꀀcan ꀀtherefore ꀀbenefit ꀀ
from ꀀan ꀀunderlying ꀀinvestment ꀀin ꀀtechnology. ꀀIn ꀀorder ꀀto ꀀ
maximise ꀀthe ꀀeffect ꀀof ꀀthat ꀀinvestment ꀀpriori:es ꀀmust ꀀbe ꀀ

65Technologies: Section 1

Robot ꀀTechnologies

Robots ꀀare ꀀthe ꀀresult ꀀof ꀀintegra$ng ꀀa ꀀwide ꀀrange ꀀ
of ꀀtechnologies. ꀀMany ꀀof ꀀthese ꀀtechnologies ꀀare ꀀ
exclusive ꀀto ꀀrobo$cs. ꀀCompe$$ve ꀀadvantages ꀀin ꀀ
high괠㴀technology ꀀ areas ꀀ are ꀀ hard ꀀ won. ꀀ Europe ꀀ
must ꀀ not ꀀ only ꀀ retain ꀀ leadership ꀀ where ꀀ this ꀀ has ꀀ
been ꀀ achieved, ꀀ but ꀀ also ꀀ take ꀀ the ꀀ lead ꀀ in ꀀ first괠㴀
wave ꀀ technologies ꀀgaining ꀀkeystone ꀀ IP ꀀand ꀀfirst ꀀ
to ꀀmarket ꀀadvantage.
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set ꀀagainst ꀀeach ꀀtechnology. ꀀThese ꀀpriori괠㴀
:es ꀀneed ꀀto ꀀrelate ꀀto ꀀperceived ꀀfuture ꀀ
market ꀀand ꀀindustry ꀀneed, ꀀand ꀀto ꀀpat괠㴀
terns ꀀin ꀀglobal ꀀexper:se. ꀀMaximising ꀀthe ꀀ
impact ꀀof ꀀfunding ꀀon ꀀa ꀀmarket ꀀdomain ꀀ
will ꀀdepend ꀀon ꀀiden:fying ꀀthe ꀀkey ꀀ
technologies ꀀthat ꀀwill ꀀenable ꀀthat ꀀdo괠㴀
main. ꀀThe ꀀMul:괠㴀Annual ꀀRoadmap ꀀpro괠㴀
vides ꀀdifferent ꀀmeans ꀀof ꀀmapping ꀀbe괠㴀
tween ꀀapplica:on ꀀdomains ꀀand ꀀ
technologies, ꀀand ꀀhighlights ꀀthe ꀀdevelop괠㴀
ment ꀀpriori:es ꀀin ꀀeach ꀀdomain.

It ꀀis ꀀimportant ꀀfor ꀀsuccessful ꀀinnova:on ꀀ
that ꀀadvances ꀀin ꀀa ꀀpar:cular ꀀtechnology ꀀ
are ꀀpropagated ꀀto ꀀall ꀀdomains, ꀀso ꀀthat ꀀdi괠㴀
verse ꀀapplica:ons ꀀcan ꀀbenefit ꀀfrom ꀀthe ꀀ
advance. ꀀThe ꀀimpact ꀀof ꀀany ꀀpar:cular ꀀad괠㴀
vance ꀀmay ꀀdiffer ꀀbetween ꀀdomains, ꀀbut ꀀ

incremental ꀀimprovements ꀀin ꀀproducts ꀀ
are ꀀdriven ꀀby ꀀcapability ꀀincrements ꀀin ꀀ
technology, ꀀand ꀀincrements ꀀin ꀀtechnol괠㴀
ogy ꀀare ꀀdriven ꀀby ꀀresearch ꀀinvestment.

As ꀀthe ꀀrobo:cs ꀀmarket ꀀgrows ꀀit ꀀwill ꀀbe ꀀ
able ꀀto ꀀinfluence ꀀa ꀀwider ꀀrange ꀀof ꀀ
technologies. ꀀAs ꀀrobots ꀀbecome ꀀubiqui괠㴀
tous ꀀthe ꀀspecial ꀀrequirements ꀀthey ꀀplace ꀀ
on ꀀtechnologies ꀀnot ꀀcurrently ꀀdriven ꀀby ꀀ
robo:cs ꀀe.g. ꀀcommunica:ons ꀀprotocols, ꀀ
bacery ꀀtechnology, ꀀmaterials ꀀand ꀀsen괠㴀
sors ꀀwill ꀀbegin ꀀto ꀀdrive ꀀand ꀀinfluence ꀀde괠㴀
velopments ꀀin ꀀthose ꀀtechnologies.

The ꀀtechnologies ꀀused ꀀin ꀀrobots ꀀcan ꀀbe ꀀ
categorised ꀀinto ꀀa ꀀnumber ꀀof ꀀtechnology ꀀ
clusters. ꀀEach ꀀof ꀀthese ꀀclusters ꀀof ꀀtech괠㴀
nology ꀀcan ꀀbe ꀀdeveloped ꀀindependently ꀀ

Robot Technologies 66
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The ꀀunderlying ꀀtechnologies ꀀare ꀀcharacterised ꀀby ꀀencom괠㴀
passing ꀀa ꀀcommon ꀀset ꀀof ꀀmethods ꀀand ꀀtechniques ꀀthat ꀀ
can ꀀbe ꀀcompared. ꀀThe ꀀhigher ꀀlevel ꀀclusters ꀀrepresent ꀀcol괠㴀
lec:ons ꀀof ꀀtechnologies ꀀthat ꀀhave ꀀa ꀀcommon ꀀimpact ꀀon ꀀ
robo:cs. ꀀ

The ꀀfine ꀀinterlinkages ꀀbetween ꀀthe ꀀunderlying ꀀ
technologies ꀀmean ꀀthat ꀀthese ꀀoverview ꀀclusters ꀀdo ꀀnot ꀀ
have ꀀwell ꀀdefined ꀀboundaries, ꀀaspects ꀀof ꀀsome ꀀ
technologies ꀀwill ꀀstraddle ꀀthe ꀀboundaries ꀀand ꀀcontribute ꀀ
to ꀀmore ꀀthan ꀀone ꀀof ꀀthe ꀀdevelopmental ꀀgoals.

It ꀀis ꀀuseful ꀀto ꀀpresent ꀀa ꀀhigh ꀀlevel ꀀoverview ꀀof ꀀthe ꀀvarious ꀀ
robo:cs ꀀtechnologies ꀀto ꀀhighlight ꀀthe ꀀkey ꀀobjec:ves ꀀfor ꀀ
technology ꀀdevelopment. ꀀCharacterising ꀀthe ꀀrela:on괠㴀
ships ꀀbetween ꀀtechnologies ꀀand ꀀbetween ꀀclusters ꀀillus괠㴀
trates ꀀthe ꀀinterconnec:ons.

Technology ꀀcombina:ons, ꀀdetailed ꀀlater ꀀin ꀀthis ꀀdocu괠㴀
ment, ꀀstraddle ꀀthe ꀀspace ꀀbetween ꀀthe ꀀclusters ꀀand ꀀhigh괠㴀
light ꀀareas ꀀof ꀀcri:cal ꀀimportance.

67Technologies: Section 2

Technology ꀀClusters

Every ꀀ technology ꀀ cluster ꀀ will ꀀ impact ꀀ on ꀀ the ꀀ
market. ꀀ What ꀀ is ꀀ important ꀀ is ꀀ not ꀀ perfect ꀀ
defini$on ꀀbut ꀀthe ꀀexpression ꀀof ꀀdirec$on.
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To Improve Design Methods And Systems. Better Systems 
And Tools
Robot ꀀdevelopment ꀀand ꀀdeployment ꀀprocesses ꀀand ꀀthe ꀀopera괠㴀
:onal ꀀsystems ꀀinside ꀀthe ꀀrobot ꀀare ꀀintricately ꀀinterlinked. ꀀRobots ꀀ
are ꀀcomplex ꀀintegrated ꀀsystems ꀀand ꀀdesign ꀀprocesses ꀀhave ꀀa ꀀkey ꀀ
role ꀀin ꀀachieving ꀀeffec:ve, ꀀfunc:oning, ꀀdeployable ꀀsystems.

To Make Better Robot Machines. Better Robots
Every ꀀrobot ꀀis ꀀbuilt ꀀfrom ꀀthese ꀀcore ꀀtechnologies, ꀀfundamental ꀀ
improvements ꀀin ꀀthese ꀀtechnologies ꀀwill ꀀimpact ꀀon ꀀall ꀀrobots. ꀀ

To Improve Human Robot Interaction. Better Collaboration: 
Advanced ꀀrobots ꀀwill ꀀdirectly ꀀinteract ꀀwith ꀀusers, ꀀphysically ꀀand ꀀ
cogni:vely, ꀀthese ꀀtechnologies ꀀwill ꀀdefine ꀀour ꀀexperience ꀀof ꀀro괠㴀
bots ꀀand ꀀshape ꀀemerging ꀀapplica:ons.

To Improve Robot Autonomy: Better Action And Aware-
ness:
Robots ꀀwill ꀀincreasingly ꀀoperate ꀀwithout ꀀdirect ꀀuser ꀀcontrol. ꀀThis ꀀ
requires ꀀan ꀀunderstanding ꀀand ꀀinterpreta:on ꀀof ꀀthe ꀀenvironment ꀀ
around ꀀthe ꀀrobot ꀀby ꀀthe ꀀrobot. ꀀTechnologies ꀀin ꀀthis ꀀcluster ꀀmake ꀀ
robots ꀀsmarter.

Technology Clusters 68
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Conven:onal ꀀproduct ꀀdesign ꀀmethods ꀀare ꀀapplied ꀀto ꀀrobo:cs. ꀀ
Special ꀀpurpose ꀀsimula:on ꀀtools ꀀare ꀀused ꀀto ꀀassess ꀀhigh ꀀlevel ꀀ
func:on. ꀀFew ꀀautonomous ꀀmass ꀀmarket ꀀproducts ꀀexist ꀀand ꀀso ꀀ
common ꀀsystem ꀀdesign ꀀmethods ꀀhave ꀀnot ꀀyet ꀀbeen ꀀestablished.

2020 ꀀTarget
To ꀀdevelop ꀀrobot ꀀspecific ꀀdesign ꀀmethodologies, ꀀto ꀀbe ꀀable ꀀto ꀀ
assess ꀀand ꀀbuild ꀀin ꀀsafety ꀀand ꀀto ꀀunderstand ꀀhow ꀀto ꀀdesign ꀀde괠㴀
pendable ꀀsystems ꀀthat ꀀincorporate ꀀautonomy. ꀀTo ꀀextend ꀀthe ꀀ
reach ꀀof ꀀOpen ꀀDesign ꀀmethods ꀀand ꀀintegrate ꀀsystem ꀀverifica괠㴀
:on ꀀwith ꀀdesign.

Improving Designs and Systems: “Better Systems and Tools”
As ꀀthe ꀀprocesses ꀀrequired ꀀto ꀀdevelop ꀀrobots ꀀbecome ꀀestablished ꀀthe ꀀdevelopment ꀀand ꀀanalysis ꀀof ꀀthose ꀀprocesses ꀀbe괠㴀
comes ꀀmore ꀀimportant. ꀀThis ꀀcollec4on ꀀof ꀀtechnologies, ꀀcollec4vely ꀀreferred ꀀto ꀀas ꀀ“Systems ꀀDesign”, ꀀrelate ꀀto ꀀdesign ꀀproc괠㴀
ess ꀀand ꀀthe ꀀoverall ꀀdesign ꀀof ꀀrobots. ꀀIt ꀀis ꀀwell ꀀunderstood ꀀthat ꀀsaving ꀀ4me ꀀand ꀀcost ꀀduring ꀀthe ꀀdevelopment ꀀof ꀀa ꀀnew ꀀ
product ꀀis ꀀmost ꀀeasily ꀀdone ꀀduring ꀀthe ꀀearly ꀀparts ꀀof ꀀthe ꀀdevelopment ꀀcycle. ꀀTools, ꀀprocesses, ꀀand ꀀdesign ꀀsystems ꀀcan ꀀall ꀀ
help ꀀto ꀀstreamline ꀀdevelopment. ꀀInvestment ꀀin ꀀthese ꀀtechnologies ꀀis ꀀcri4cal ꀀto ꀀthe ꀀ4mely ꀀdevelopment ꀀof ꀀproducts ꀀand ꀀ
services ꀀand ꀀa ꀀkey ꀀenabling ꀀfactor ꀀin ꀀthe ꀀs4mula4on ꀀof ꀀa ꀀviable ꀀrobot ꀀindustry.

System Design
Design ꀀcovers ꀀall ꀀaspects ꀀof ꀀa ꀀsystem ꀀfrom ꀀassessing ꀀthe ꀀfunc:on ꀀto ꀀbe ꀀperformed, ꀀthe ꀀway ꀀthat ꀀusers ꀀwill ꀀinteract ꀀwith ꀀthe ꀀrobot ꀀand ꀀ
the ꀀanalysis ꀀof ꀀthe ꀀtask. ꀀSpecial ꀀpurpose ꀀtools ꀀand ꀀmethods ꀀare ꀀapplied.

State ꀀof ꀀthe ꀀArt
Use ꀀof ꀀa ꀀwide ꀀvariety ꀀof ꀀSystems ꀀEngineering ꀀmethods ꀀand ꀀtools ꀀ
in ꀀmechatronic ꀀdesign ꀀfor ꀀrobo:cs ꀀis ꀀwell ꀀunderstood ꀀand ꀀ
widely ꀀused. ꀀHistorically ꀀautomo:ve, ꀀspace ꀀand ꀀdefence ꀀindus괠㴀
tries ꀀhave ꀀbeen ꀀkey ꀀdrivers ꀀfor ꀀthese ꀀtechnologies. ꀀService ꀀrobot괠㴀
ics ꀀhas ꀀyet ꀀto ꀀfully ꀀu:lise ꀀthe ꀀbenefits ꀀof ꀀSystems ꀀEngineering.

2020 ꀀTarget
To ꀀdevelop ꀀSystems ꀀEngineering ꀀtools ꀀspecific ꀀto ꀀthe ꀀdesign ꀀof ꀀ
autonomous ꀀand ꀀsemi괠㴀autonomous ꀀrobots, ꀀin ꀀpar:cular ꀀaddress괠㴀
ing ꀀthe ꀀintegra:on ꀀand ꀀdeployment ꀀof ꀀwhole ꀀsystems ꀀcomposed ꀀ
of ꀀmul:ple ꀀrobots, ꀀand ꀀthe ꀀinterac:on ꀀbetween ꀀsystem ꀀand ꀀenvi괠㴀
ronment. ꀀEnsure ꀀbest ꀀprac:ce ꀀin ꀀthe ꀀwider ꀀsystems ꀀengineering ꀀ
community ꀀis ꀀrapidly ꀀabsorbed ꀀinto ꀀthe ꀀrobo:cs ꀀcommunity ꀀ
through ꀀcollabora:on ꀀand ꀀto ꀀact ꀀas ꀀa ꀀdriver ꀀfor ꀀsystem ꀀengineer괠㴀
ing ꀀtool ꀀdevelopment.

Systems Engineering
Systems ꀀEngineering ꀀis ꀀan ꀀinterdisciplinary ꀀapproach ꀀwhich ꀀprovides ꀀstrategies, ꀀprocedures ꀀand ꀀtools ꀀfor ꀀdesigning ꀀand ꀀmanaging ꀀcom괠㴀
plex ꀀengineering ꀀprojects. ꀀIt ꀀaims ꀀat ꀀop:mising ꀀdesign, ꀀcost ꀀand ꀀfunc:on ꀀacross ꀀa ꀀsystem. ꀀOne ꀀof ꀀits ꀀkey ꀀconcepts ꀀis ꀀto ꀀconsider ꀀa ꀀcom괠㴀
plex ꀀsystem ꀀas ꀀa ꀀsystem ꀀof ꀀinterdependent ꀀmodules. ꀀSystems ꀀEngineering ꀀis ꀀof ꀀutmost ꀀimportance ꀀfor ꀀrobo:cs ꀀas ꀀrobots ꀀtypically ꀀare ꀀ
complex ꀀsystems ꀀcombining ꀀa ꀀdiverse ꀀrange ꀀof ꀀtechnologies.

Technologies: Section 3 69
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State ꀀof ꀀthe ꀀArt
A ꀀwide ꀀvariety ꀀof ꀀbespoke ꀀsystem ꀀarchitectures ꀀare ꀀused ꀀat ꀀpre괠㴀
sent, ꀀsome ꀀcommonality ꀀwith ꀀresearch ꀀplanorms ꀀhas ꀀbeen ꀀ
achieved ꀀwith ꀀopen ꀀsource ꀀsoVware ꀀand ꀀcommon ꀀplanorms. ꀀ
Widely ꀀadopted ꀀarchitectural ꀀstandards ꀀare ꀀrequired ꀀcoupled ꀀto ꀀ
well ꀀfounded ꀀcomponent ꀀand ꀀbehavioural ꀀdesigns.

2020 ꀀTarget
To ꀀdefine ꀀinterfaces ꀀand ꀀcommon ꀀarchitectures, ꀀwhich ꀀare ꀀcri:괠㴀
cal ꀀto ꀀthe ꀀsuccess ꀀof ꀀa ꀀcomponent ꀀsupply ꀀchain, ꀀboth ꀀin ꀀterms ꀀof ꀀ
hardware ꀀand ꀀsoVware ꀀcomponents. ꀀTo ꀀhave ꀀestablished ꀀarchi괠㴀
tectures ꀀfor ꀀdistributed ꀀplanning ꀀand ꀀcontrol. ꀀTo ꀀestablish ꀀdesign ꀀ
pacerns ꀀand ꀀcommon ꀀterminology ꀀin ꀀwide ꀀuse.

State ꀀof ꀀthe ꀀArt
Tools ꀀand ꀀprocesses ꀀare ꀀcommonly ꀀemployed ꀀto ꀀaid ꀀsystems ꀀinte괠㴀
gra:on ꀀpar:cularly ꀀin ꀀindustrial ꀀrobo:cs. ꀀSystem ꀀintegra:on ꀀ
technologies ꀀare ꀀalso ꀀapplied ꀀin ꀀlarger ꀀscale ꀀservice ꀀrobo:c ꀀappli괠㴀
ca:ons.

2020 ꀀTarget
Wide ꀀspread ꀀuse ꀀof ꀀsystem ꀀintegra:on ꀀtools ꀀacross ꀀall ꀀsectors ꀀof ꀀ
robo:cs. ꀀProcesses ꀀfor ꀀdesign ꀀlead ꀀintegra:on ꀀwell ꀀunderstood ꀀ
in ꀀall ꀀareas ꀀof ꀀrobot ꀀdesign. ꀀImproved ꀀtools ꀀfor ꀀhardware ꀀsoV괠㴀
ware ꀀintegra:on ꀀand ꀀdeployment.

System ꀀArchitecture
How ꀀa ꀀrobot ꀀsystem ꀀis ꀀconstructed ꀀdetermines ꀀhow ꀀwell ꀀit ꀀfunc:ons. ꀀUnderstanding ꀀhow ꀀthe ꀀarchitecture ꀀof ꀀa ꀀrobot ꀀsystem ꀀaffects ꀀthe ꀀ
overall ꀀfunc:on ꀀof ꀀthe ꀀrobot ꀀis ꀀcri:cal ꀀto ꀀsuccessfully ꀀcontrolling ꀀperformance. ꀀIn ꀀthis ꀀcontext ꀀrobot ꀀarchitecture ꀀconsists ꀀof ꀀstructural ꀀ
(component), ꀀbehavioural ꀀ(dynamic) ꀀand ꀀframework ꀀelements ꀀthat ꀀinteract ꀀand ꀀinterdepend ꀀon ꀀeach ꀀother.

Systems ꀀIntegraKon
Robo:c ꀀsystems ꀀare ꀀcomplex ꀀcombina:ons ꀀof ꀀvarious ꀀtechnologies. ꀀIntegra:ng ꀀthese ꀀtogether ꀀrequires ꀀits ꀀown ꀀtechnology. ꀀThe ꀀdepend괠㴀
ability ꀀand ꀀopera:onal ꀀsuccess ꀀof ꀀa ꀀrobo:c ꀀsystem ꀀwill ꀀcri:cally ꀀdepend ꀀon ꀀthe ꀀsuccess ꀀof ꀀits ꀀintegra:on ꀀinto ꀀa ꀀwhole. ꀀIntegra:on ꀀissues ꀀ
are ꀀa ꀀkey ꀀfactor ꀀin ꀀstreamlining ꀀ:me ꀀto ꀀmarket ꀀand ꀀin ꀀcontrolling ꀀcosts.

State ꀀof ꀀthe ꀀArt 2020 ꀀTarget

Technology
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State ꀀof ꀀthe ꀀArt
The ꀀuse ꀀof ꀀfixed ꀀexternally ꀀgenerated ꀀmodels ꀀwithin ꀀrobo:cs ꀀis ꀀ
well ꀀunderstood. ꀀThe ꀀdevelopment ꀀof ꀀsystems ꀀable ꀀto ꀀacquire ꀀ
knowledge ꀀin ꀀlimited ꀀenvironments ꀀis ꀀwithin ꀀthe ꀀresearch ꀀdo괠㴀
main. ꀀThere ꀀis ꀀa ꀀgood ꀀtheore:cal ꀀunderstanding ꀀof ꀀthe ꀀrela:on괠㴀
ship ꀀbetween ꀀmodels ꀀand ꀀknowledge ꀀengineering. ꀀ

2020 ꀀTarget
To ꀀdevelop ꀀmethods ꀀand ꀀtools ꀀto ꀀintegrate ꀀand ꀀmap ꀀknowledge ꀀ
from ꀀdifferent ꀀdomains, ꀀand ꀀto ꀀshare ꀀknowledge ꀀbetween ꀀro괠㴀
bots. ꀀTo ꀀdevelop ꀀmethods ꀀant ꀀtools ꀀto ꀀtransform ꀀdifferent ꀀab괠㴀
strac:ons ꀀof ꀀmodels ꀀusing ꀀaddi:onal ꀀdomain ꀀor ꀀapplica:on ꀀspe괠㴀
cific ꀀknowledge. ꀀTo ꀀdevelop ꀀmeta괠㴀models ꀀand ꀀtools ꀀfor ꀀknowl괠㴀
edge ꀀrepresenta:on ꀀthat ꀀare ꀀspecific ꀀto ꀀrobo:cs.

State ꀀof ꀀthe ꀀArt
There ꀀis ꀀextensive ꀀresearch ꀀinterest ꀀin ꀀthe ꀀanalysis ꀀand ꀀapplica괠㴀
:on ꀀof ꀀsystem ꀀof ꀀsystems ꀀapproaches.

2020 ꀀTarget
To ꀀestablish ꀀmethods ꀀand ꀀtechniques ꀀapplicable ꀀto ꀀrobo:cs. ꀀTo ꀀ
impact ꀀon ꀀdesign ꀀand ꀀengineering ꀀprocesses ꀀto ꀀaccount ꀀfor ꀀsys괠㴀
tem ꀀof ꀀsystems ꀀeffects ꀀsuch ꀀas ꀀemergent ꀀbehaviours.

Modelling ꀀand ꀀKnowledge ꀀEngineering
Models ꀀare ꀀused ꀀin ꀀa ꀀvariety ꀀof ꀀdifferent ꀀrobot ꀀsystem ꀀcomponents ꀀto ꀀencapsulate ꀀknowledge. ꀀThis ꀀknowledge ꀀmay ꀀbe ꀀfixed ꀀrela:ve ꀀto ꀀ
the ꀀtask, ꀀor ꀀmay ꀀbe ꀀacquired ꀀwhile ꀀperforming ꀀa ꀀtask. ꀀThe ꀀknowledge ꀀmay ꀀbe ꀀdesigned ꀀin ꀀor ꀀlearned. ꀀThe ꀀmodel ꀀand ꀀknowledge ꀀit ꀀencap괠㴀
sulates ꀀare ꀀmoulded ꀀtogether ꀀsince ꀀthe ꀀmodel ꀀstructure ꀀdepends ꀀon ꀀthe ꀀrepresenta:on ꀀof ꀀthe ꀀknowledge. ꀀWhile ꀀthis ꀀis ꀀa ꀀcurrent ꀀ
research ꀀtopic ꀀand ꀀis ꀀclosely ꀀrelated ꀀto ꀀother ꀀtechnologies, ꀀit ꀀis ꀀa ꀀkey ꀀtechnology ꀀin ꀀall ꀀrobo:c ꀀsystems. ꀀ

System ꀀof ꀀSystems
The ꀀstudy ꀀof ꀀsystem ꀀof ꀀsystems ꀀis ꀀbroader ꀀthan ꀀthe ꀀrobo:cs ꀀdomain ꀀbut ꀀhighly ꀀapplicable ꀀto ꀀaspects ꀀof ꀀit. ꀀComplex ꀀtasks ꀀin ꀀunknown ꀀen괠㴀
vironments ꀀoVen ꀀinvolve ꀀmul:ple ꀀactors, ꀀand ꀀcombina:ons ꀀof ꀀtypes ꀀof ꀀactor, ꀀsta:c ꀀsystems, ꀀrobots, ꀀpeople, ꀀorganisa:ons ꀀetc. ꀀSystem ꀀof ꀀ
Systems ꀀapproaches ꀀencompass ꀀdesign, ꀀsystems ꀀengineering ꀀand ꀀanalysis ꀀin ꀀan ꀀintegrated ꀀmanner ꀀto ꀀexplore ꀀthe ꀀengineering ꀀof ꀀsystem ꀀ
of ꀀsystems.

State ꀀof ꀀthe ꀀArt 2020 ꀀTarget

Technology
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State ꀀof ꀀthe ꀀArt
Compliant ꀀsystems ꀀand ꀀsystems ꀀdepending ꀀon ꀀdynamic ꀀcontrol ꀀ
have ꀀbeen ꀀdeveloped ꀀin ꀀresearch ꀀlaboratories. ꀀEnergy ꀀefficient ꀀ
mechanisms ꀀare ꀀat ꀀan ꀀexperimental ꀀstage. ꀀTradi:onal ꀀmechani괠㴀
cal ꀀdesign ꀀprocesses ꀀand ꀀmechanisms ꀀare ꀀwidely ꀀused.

2020 ꀀTarget
To ꀀexploit ꀀthe ꀀintegra:on ꀀof ꀀsensing ꀀand ꀀcontrol ꀀdirectly ꀀinto ꀀme괠㴀
chanical ꀀstructures. ꀀTo ꀀimprove ꀀforce ꀀand ꀀdisplacement ꀀsensing ꀀ
to ꀀprovide ꀀmul:괠㴀variate ꀀsignals ꀀat ꀀeach ꀀmechanical ꀀjoint. ꀀTo ꀀex괠㴀
ploit ꀀnano괠㴀materials ꀀas ꀀintegrated ꀀsensors. ꀀTo ꀀexploit ꀀnew ꀀmate괠㴀
rials ꀀin ꀀthe ꀀdesign ꀀof ꀀlightweight ꀀlow ꀀcost ꀀsystems. ꀀTo ꀀdevelop ꀀ
micro ꀀscale ꀀintegrated ꀀmanipulators. ꀀTo ꀀdevelop ꀀlarge ꀀscale ꀀme괠㴀
chanical ꀀsystems ꀀfor ꀀconstruc:on ꀀand ꀀdecommissioning. ꀀTo ꀀim괠㴀
prove ꀀmechanical ꀀefficiency ꀀand ꀀreduce ꀀenergy ꀀconsump:on.

Making Better Robot Machines: “Better Machines”
The ꀀclose ꀀcoupling ꀀof ꀀcontrol, ꀀmechanism, ꀀsensors ꀀand ꀀactua:on ꀀis ꀀthe ꀀcornerstone ꀀof ꀀrobo:cs. ꀀThis ꀀgroup ꀀof ꀀtechnologies ꀀare ꀀcri:괠㴀
cal ꀀto ꀀthe ꀀfunc:oning ꀀof ꀀevery ꀀrobot. ꀀA ꀀlarge ꀀpropor:on ꀀof ꀀthe ꀀcore ꀀinnova:on ꀀin ꀀrobo:cs ꀀlies ꀀwithin ꀀthis ꀀtechnical ꀀgroup ꀀwhich ꀀcan ꀀ
be ꀀcollec:vely ꀀreferred ꀀto ꀀas ꀀ“Mechatronics”.

These ꀀtechnologies ꀀare ꀀthe ꀀmost ꀀmature. ꀀThey ꀀpervade ꀀacademic ꀀand ꀀindustrial ꀀseSngs. ꀀSignificant ꀀdevelopments ꀀor ꀀimprovements ꀀ
in ꀀthese ꀀtechnologies ꀀhas ꀀa ꀀwide ꀀimpact ꀀacross ꀀall ꀀsectors ꀀof ꀀthe ꀀcommunity. ꀀStep ꀀchanges ꀀin ꀀcapability ꀀare ꀀlikely ꀀto ꀀresult ꀀin ꀀobserv괠㴀
able ꀀproduct ꀀsteps ꀀand ꀀimpact ꀀacross ꀀmarkets ꀀand ꀀenhance ꀀcompe::veness.

Mechanical ꀀSystems
Many ꀀdifferent ꀀtypes ꀀof ꀀrobot ꀀdepend ꀀon ꀀcomplex ꀀmechanical ꀀstructures ꀀto ꀀperform ꀀtheir ꀀtasks. ꀀWalking ꀀmachines ꀀable ꀀto ꀀtraverse ꀀrough ꀀ
or ꀀicy ꀀground, ꀀmicro괠㴀manipulators ꀀused ꀀin ꀀsurgery ꀀrobots, ꀀor ꀀrobots ꀀable ꀀto ꀀrespond ꀀto ꀀan ꀀelderly ꀀperson ꀀfalling ꀀall ꀀrequire ꀀspecially ꀀde괠㴀
signed ꀀmechanical ꀀsystems. ꀀ

Technologies: Section 4 72
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State ꀀof ꀀthe ꀀArt
Vision ꀀsensing ꀀhas ꀀbecome ꀀcommodi:sed. ꀀLow ꀀcost ꀀ3D ꀀsensors ꀀ
are ꀀavailable. ꀀMicro ꀀscale ꀀmechanical ꀀsensors ꀀand ꀀgyros ꀀare ꀀnow ꀀ
low ꀀcost ꀀitems.

2020 ꀀTarget
To ꀀintegrate ꀀrobo:c ꀀspecific ꀀsensor ꀀprocessing ꀀat ꀀthe ꀀsensor. ꀀTo ꀀ
increase ꀀthe ꀀresolu:on ꀀand ꀀrange ꀀof ꀀ3D ꀀsensors. ꀀTo ꀀexploit ꀀ
novel ꀀsensing ꀀmechanisms, ꀀand ꀀmul:괠㴀modal ꀀsensing. ꀀTo ꀀdevelop ꀀ
broad ꀀspectrum ꀀsensing ꀀtechnologies. ꀀ ꀀTo ꀀextend ꀀworking ꀀ
ranges ꀀto ꀀdifferent ꀀnatural ꀀenvironments ꀀ(e.g. ꀀall괠㴀weather, ꀀtem괠㴀

State ꀀof ꀀthe ꀀArt
Actuator ꀀdevelopment ꀀis ꀀrela:vely ꀀmature ꀀas ꀀa ꀀcore ꀀelement ꀀin ꀀ
every ꀀrobot. ꀀElectrical ꀀmotors ꀀprovide ꀀthe ꀀmo:ve ꀀforce ꀀin ꀀthe ꀀ
majority ꀀof ꀀactuators. ꀀHydraulic ꀀand ꀀpneuma:c ꀀand ꀀpiezoelec괠㴀
tric ꀀactua:on ꀀare ꀀwell ꀀunderstood. ꀀNovel ꀀactuators ꀀbased ꀀon ꀀ
electro괠㴀ac:ve ꀀpolymers ꀀand ꀀon ꀀbio ꀀmaterials ꀀare ꀀat ꀀan ꀀexperi괠㴀
mental ꀀstage.

2020 ꀀTarget
Incremental ꀀimprovement ꀀin ꀀpower ꀀto ꀀweight ꀀra:os ꀀand ꀀenergy ꀀ
efficiency ꀀare ꀀto ꀀbe ꀀexpected. ꀀNovel ꀀactua:on ꀀtechnology ꀀand ꀀ
the ꀀemployment ꀀof ꀀnew ꀀmaterials ꀀare ꀀexpected ꀀto ꀀyield ꀀnew ꀀop괠㴀
portuni:es. ꀀFine ꀀscale ꀀactua:on, ꀀpar:cularly ꀀin ꀀsurgical ꀀapplica괠㴀
:ons ꀀis ꀀlikely ꀀto ꀀbe ꀀa ꀀmajor ꀀgrowth ꀀarea.

Sensors
What ꀀsets ꀀrobots ꀀapart ꀀfrom ꀀother ꀀtypes ꀀof ꀀmachine ꀀis ꀀtheir ꀀability ꀀto ꀀsense ꀀtheir ꀀenvironment. ꀀSensing ꀀin ꀀ3D, ꀀsensing ꀀfine ꀀmovements ꀀin ꀀ
a ꀀmechanical ꀀjoint, ꀀor ꀀproviding ꀀa ꀀsense ꀀof ꀀtaste ꀀand ꀀsmell ꀀall ꀀrequire ꀀnovel ꀀsensors.

Actuators
A ꀀprinciple ꀀfunc:on ꀀof ꀀrobots ꀀis ꀀto ꀀinteract ꀀwith ꀀthe ꀀphysical ꀀworld. ꀀActuators ꀀprovide ꀀthis ꀀmo:ve ꀀforce. ꀀThe ꀀrage ꀀof ꀀrobot ꀀopera:on ꀀ
means ꀀthat ꀀactuators ꀀmust ꀀbe ꀀindividually ꀀdesigned ꀀto ꀀmeet ꀀa ꀀwide ꀀrange ꀀof ꀀelectro괠㴀mechanical ꀀrequirements. ꀀFrom ꀀlarge ꀀmanipulators ꀀ
able ꀀto ꀀliV ꀀa ꀀcar, ꀀto ꀀthe ꀀhigh ꀀprecision ꀀactua:on ꀀused ꀀin ꀀsurgical ꀀrobots, ꀀactuators ꀀmust ꀀbe ꀀable ꀀto ꀀmeet ꀀthe ꀀdemands ꀀof ꀀcon:nuous ꀀdy괠㴀
namic ꀀuse.
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State ꀀof ꀀthe ꀀArt
Systems ꀀdesign ꀀincreasingly ꀀemploys ꀀmul:ple ꀀpower ꀀdomains ꀀ
and ꀀallows ꀀfor ꀀtheir ꀀmanagement. ꀀEnergy ꀀstorage ꀀrelies ꀀon ꀀcon괠㴀
ven:onal ꀀbacery ꀀsystems, ꀀor ꀀin ꀀrare ꀀcases ꀀon ꀀon괠㴀board ꀀelectri괠㴀
cal ꀀgenera:on. ꀀExperimenta:on ꀀwith ꀀelectrical ꀀgenera:on ꀀfrom ꀀ
bio괠㴀mass ꀀis ꀀbeing ꀀcarried ꀀout.

2020 ꀀTarget
To ꀀincrease ꀀsystem ꀀlevel ꀀefficiencies ꀀto ꀀreduce ꀀpower ꀀrequire괠㴀
ments ꀀthrough ꀀimproved ꀀdesign ꀀand ꀀsystems ꀀengineering. ꀀTo ꀀim괠㴀
prove ꀀthe ꀀstorage ꀀand ꀀrecovery ꀀof ꀀpower ꀀfrom ꀀmechanical ꀀ
systems. ꀀTo ꀀinves:gate ꀀalterna:ve ꀀpower ꀀsources ꀀand ꀀtrack ꀀ
these ꀀtrends ꀀin ꀀother ꀀindustrial ꀀsectors.

State ꀀof ꀀthe ꀀArt
Robots ꀀuse ꀀa ꀀwide ꀀvariety ꀀof ꀀexis:ng ꀀcommunica:on ꀀprotocols ꀀ
and ꀀmethods. ꀀSome ꀀspecific ꀀindustrial ꀀprotocols ꀀare ꀀused ꀀin ꀀfac괠㴀
tory ꀀautoma:on.

2020 ꀀTarget
To ꀀprovide ꀀsecure ꀀcommunica:on ꀀon ꀀmobile ꀀplanorms ꀀboth ꀀbe괠㴀
tween ꀀplanorms ꀀand ꀀto ꀀwide ꀀarea ꀀsystems. ꀀTo ꀀintegrate ꀀautono괠㴀
mous ꀀtransport ꀀwith ꀀnew ꀀautomo:ve ꀀstandards ꀀfor ꀀboth ꀀin괠㴀car, ꀀ
car ꀀto ꀀcar ꀀand ꀀcar ꀀto ꀀroad ꀀsystems. ꀀThe ꀀaccommoda:on ꀀof ꀀrobot ꀀ
requirements ꀀinto ꀀwidely ꀀused ꀀcommunica:on ꀀprotocols.To ꀀinte괠㴀
grate ꀀheterogeneous ꀀcommunica:on ꀀsystems ꀀto ꀀimprove ꀀdata ꀀ
integrity ꀀand ꀀcoverage.

Power ꀀSupply ꀀand ꀀManagement
Robots ꀀwill ꀀneed ꀀto ꀀbe ꀀable ꀀto ꀀoperate ꀀfor ꀀlong ꀀperiods ꀀwithout ꀀaccess ꀀto ꀀa ꀀsource ꀀof ꀀpower. ꀀManaging ꀀtheir ꀀstored ꀀenergy, ꀀdesigning ꀀ
systems ꀀthat ꀀhave ꀀlow ꀀenergy ꀀrequirements ꀀand ꀀmanaging ꀀthe ꀀuse ꀀof ꀀenergy ꀀare ꀀkey ꀀto ꀀextending ꀀthe ꀀworking ꀀ:me ꀀof ꀀeach ꀀrobot.

CommunicaKons
Robots ꀀwill ꀀneed ꀀto ꀀcommunicate, ꀀwith ꀀeach ꀀother, ꀀwith ꀀinternet ꀀbased ꀀservices ꀀin ꀀthe ꀀ“cloud” ꀀand ꀀto ꀀthe ꀀ“internet ꀀof ꀀthings” ꀀaround ꀀ
them. ꀀInternal ꀀmodule ꀀto ꀀmodule ꀀcommunica:on ꀀis ꀀalso ꀀimportant. ꀀAs ꀀrobots ꀀbecome ꀀincreasingly ꀀnetworked ꀀnew ꀀextensions ꀀto ꀀexis:ng ꀀ
protocols ꀀwill ꀀbe ꀀrequired ꀀto ꀀaccount ꀀfor ꀀthe ꀀtypes ꀀof ꀀinforma:on ꀀrobots ꀀneed ꀀto ꀀcommunicate.
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State ꀀof ꀀthe ꀀArt
Typically ꀀrobots ꀀuse ꀀconven:onal ꀀmaterials ꀀand ꀀprocesses ꀀfor ꀀform괠㴀
ing ꀀand ꀀshaping ꀀcomponents. ꀀAddi:ve ꀀmanufacturing ꀀis ꀀused ꀀexten괠㴀
sively ꀀin ꀀthe ꀀdevelopment ꀀof ꀀrobots. ꀀResearch ꀀis ꀀbeing ꀀcarried ꀀout ꀀ
to ꀀexploit ꀀthe ꀀproper:es ꀀof ꀀnovel ꀀmaterials ꀀin ꀀa ꀀnumber ꀀof ꀀrobo:c ꀀ
domains.

2020 ꀀTarget
To ꀀexploit ꀀnew ꀀmaterials ꀀthat ꀀcan ꀀenhance ꀀthe ꀀdesign ꀀof ꀀrobots, ꀀ
though ꀀimproved ꀀsensing, ꀀmechanical ꀀsystems ꀀor ꀀmanufacturing ꀀ
processes. ꀀTo ꀀunderstand ꀀand ꀀbegin ꀀto ꀀinfluence ꀀthe ꀀmaterials ꀀsci괠㴀
ence ꀀcommunity ꀀinto ꀀseeing ꀀrobo:cs, ꀀpar:cularly ꀀmedical ꀀrobo:cs, ꀀ
as ꀀa ꀀnew ꀀgrowth ꀀarea ꀀin ꀀneed ꀀof ꀀnew ꀀmaterials ꀀto ꀀsolve ꀀcomplex ꀀ

State ꀀof ꀀthe ꀀArt
Posi:on, ꀀvelocity, ꀀand ꀀforce ꀀcontrol ꀀare ꀀwell ꀀknown. ꀀControl ꀀis괠㴀
sues ꀀin ꀀsystems ꀀthat ꀀamplify ꀀmovement ꀀor ꀀforce ꀀare ꀀwell ꀀunder괠㴀
stood. ꀀCompliant ꀀcontrol ꀀis ꀀmature ꀀin ꀀa ꀀresearch ꀀenvironment.

2020 ꀀTarget
To ꀀdevise ꀀsafe ꀀcontrol ꀀstrategies ꀀallowing ꀀfor ꀀphysical ꀀ
interac:on ꀀbetween ꀀhuman ꀀand ꀀrobot, ꀀincluding ꀀwearable ꀀexo괠㴀
skeletons. ꀀTo ꀀdevise ꀀself괠㴀calibra:ng ꀀcontrollers ꀀthat ꀀadapt ꀀto ꀀthe ꀀ
task. ꀀTo ꀀachieve ꀀa ꀀcloser ꀀintegra:on ꀀof ꀀthe ꀀreac:ve ꀀ(feedback) ꀀ
and ꀀdelibera:ve ꀀ(planning) ꀀparts ꀀin ꀀthe ꀀcontrol ꀀarchitecture. ꀀTo ꀀ
develop ꀀfault괠㴀tolerant ꀀand ꀀresilient ꀀcontrol ꀀmethods. ꀀTo ꀀcontrol ꀀ
highly ꀀredundant ꀀrobots. ꀀTo ꀀdevelop ꀀmore ꀀresponsive ꀀand ꀀfaster ꀀ
control ꀀloops.

Materials
Materials ꀀoVen ꀀunderpin ꀀnew ꀀdevelopments ꀀin ꀀrobo:cs, ꀀfrom ꀀthe ꀀcrea:on ꀀof ꀀnovel ꀀsensors, ꀀto ꀀlighter ꀀmechanical ꀀstructures ꀀand ꀀdrive ꀀ
mechanisms.

Control
Novel ꀀand ꀀefficient ꀀactuators ꀀconnected ꀀto ꀀcomplex ꀀmechanical ꀀstructures ꀀrequire ꀀsensory ꀀfeedback ꀀcontrol ꀀmethods ꀀto ꀀensure ꀀthat ꀀmo괠㴀
:on ꀀis ꀀfast, ꀀaccurate, ꀀstable, ꀀand ꀀrepeatable. ꀀControllers ꀀthat ꀀlimit ꀀthe ꀀimpact ꀀof ꀀcontact ꀀwith ꀀthe ꀀenvironment ꀀand ꀀcause ꀀthe ꀀrobot ꀀto ꀀre괠㴀

Better Machines...

Mechatronics 75
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State ꀀof ꀀthe ꀀArt
Touch ꀀscreen ꀀinterac:on ꀀis ꀀcommonplace, ꀀand ꀀlimited ꀀgesture ꀀrec괠㴀
ogni:on ꀀis ꀀnow ꀀavailable ꀀin ꀀcommercial ꀀproducts. ꀀEmo:on ꀀrecogni괠㴀
:on ꀀbased ꀀon ꀀenhanced ꀀface ꀀrecogni:on ꀀis ꀀavailable ꀀin ꀀthe ꀀ
research ꀀlaboratory, ꀀgaze ꀀtracking ꀀand ꀀspeech ꀀrecogni:on ꀀin ꀀquiet ꀀ
environments ꀀare ꀀnow ꀀcommonplace.

2020 ꀀTarget
To ꀀdevelop ꀀinstruct괠㴀able ꀀinterfaces. ꀀTo ꀀdevelop ꀀphysically ꀀinterac괠㴀
:ve ꀀinterfaces ꀀfor ꀀcollabora:ve ꀀworking. ꀀTo ꀀdevelop ꀀinterfaces ꀀthat ꀀ
can ꀀassess ꀀthe ꀀemo:onal ꀀand ꀀcogni:ve ꀀstate ꀀof ꀀthe ꀀuser ꀀand ꀀre괠㴀
spond ꀀappropriately. ꀀTo ꀀdevelop ꀀstandardised ꀀinterfaces ꀀfor ꀀautono괠㴀
mous ꀀappliances.

Human Robot Interaction: “Better Interaction”
Advanced ꀀrobots ꀀwill ꀀincreasingly ꀀinteract ꀀwith ꀀpeople. ꀀPhysical ꀀand ꀀcogni4ve ꀀinterac4ons ꀀare ꀀare ꀀat ꀀthe ꀀcore ꀀof ꀀmany ꀀ
new ꀀareas ꀀof ꀀrobot ꀀapplica4on. ꀀRobots ꀀwill ꀀbecome ꀀtools ꀀused ꀀby ꀀpeople. ꀀInterac4on ꀀwill ꀀshi^ ꀀfrom ꀀcomputer ꀀlike ꀀinter괠㴀
faces ꀀto ꀀbeing ꀀdirect ꀀand ꀀphysical. ꀀRobots ꀀcollabora4ng ꀀand ꀀco괠㴀working ꀀwith ꀀpeople ꀀboth ꀀat ꀀhome ꀀand ꀀin ꀀthe ꀀworkplace ꀀ
will ꀀbecome ꀀthe ꀀnorm. ꀀThese ꀀtechnologies ꀀare ꀀfundamental ꀀto ꀀthis ꀀstep ꀀchange. ꀀThis ꀀincreased ꀀphysical ꀀinterac4on ꀀde괠㴀
mands ꀀhigher ꀀlevels ꀀof ꀀsafety ꀀand ꀀdependability. ꀀThese ꀀtechnologies ꀀwill ꀀprovide ꀀthe ꀀbasis ꀀfor ꀀbuilding ꀀsafe ꀀusable ꀀinterac괠㴀
4ve ꀀmachines. ꀀ

Human ꀀMachine ꀀInterface
Robots ꀀwill ꀀincreasingly ꀀinteract ꀀwith ꀀpeople. ꀀThis ꀀinterac:on ꀀwill ꀀbe ꀀessen:al ꀀto ꀀthe ꀀacceptance ꀀand ꀀintegra:on ꀀof ꀀrobots ꀀinto ꀀour ꀀevery괠㴀
day ꀀlives. ꀀIt ꀀmight ꀀbe ꀀthrough ꀀbucons ꀀand ꀀa ꀀscreen, ꀀor ꀀthrough ꀀphysical ꀀinterac:on ꀀand ꀀgestures. ꀀInterac:on ꀀwill ꀀmove ꀀfrom ꀀcomputer ꀀ
like ꀀinterfaces ꀀto ꀀones ꀀbased ꀀon ꀀintui:ve ꀀinterpreta:on ꀀof ꀀa ꀀuser’s ꀀinten:ons.

Technologies: Section 5 76
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State ꀀof ꀀthe ꀀArt
Simple ꀀinterac:ons ꀀare ꀀcommonly ꀀused, ꀀcollabora:on ꀀhas ꀀbeen ꀀ
the ꀀsubject ꀀof ꀀextensive ꀀresearch. ꀀCompliant ꀀsystems ꀀare ꀀwell ꀀ
understood ꀀand ꀀcommercial ꀀproducts ꀀare ꀀstar:ng ꀀto ꀀemerge. ꀀ
Safety ꀀstandards ꀀare ꀀstar:ng ꀀto ꀀemerge.

2020 ꀀTarget
To ꀀdevelop ꀀlow ꀀcost ꀀsafe ꀀdependable ꀀsystems ꀀable ꀀto ꀀreact ꀀand ꀀ
interact ꀀwith ꀀpeople. ꀀTo ꀀunderstand ꀀthe ꀀbio괠㴀mechanics ꀀof ꀀhu괠㴀
man ꀀinjury ꀀand ꀀmo:on. ꀀTo ꀀtrack, ꀀunderstand ꀀand ꀀpredict ꀀhuman ꀀ
mo:on, ꀀin ꀀreal괠㴀:me, ꀀin ꀀspecific ꀀenvironments. ꀀTo ꀀintegrate ꀀcogni괠㴀
:on ꀀtechnologies ꀀinto ꀀhuman ꀀrobot ꀀcollabora:on. ꀀTo ꀀdevelop ꀀ
tools ꀀfor ꀀsafety ꀀvalida:on. ꀀTo ꀀdevelop ꀀsafety ꀀstandards. ꀀTo ꀀde괠㴀
velop ꀀmul:괠㴀modal ꀀcollabora:on.

State ꀀof ꀀthe ꀀArt
Safety ꀀis ꀀwidely ꀀimplemented ꀀthrough ꀀthe ꀀexclusion ꀀof ꀀpeople ꀀ
from ꀀopera:ng ꀀenvironments. ꀀIn ꀀmost ꀀcases ꀀphysical ꀀbarriers ꀀen괠㴀
sure ꀀa ꀀsafe ꀀopera:ng ꀀenvironment. ꀀSafety ꀀcri:cal ꀀsoVware ꀀdevel괠㴀
opment ꀀprocesses ꀀare ꀀused ꀀin ꀀsome ꀀareas ꀀof ꀀrobo:cs. ꀀThe ꀀlack ꀀ
of ꀀstandardised ꀀmethods, ꀀdevelopment ꀀtools ꀀand ꀀverifica:on ꀀcri괠㴀
teria ꀀcurrently ꀀlimit ꀀreusability.

2020 ꀀTarget
To ꀀdevelop ꀀrobust ꀀsafety ꀀbased ꀀdesign ꀀprocesses ꀀincluding ꀀinher괠㴀
ent ꀀphysical ꀀrobot ꀀsafety. ꀀDevelopment ꀀof ꀀstandards ꀀand ꀀmeth괠㴀
ods ꀀto ꀀverify ꀀand ꀀcer:fy ꀀsafety ꀀin ꀀhuman ꀀrobot ꀀcollabora:on. ꀀTo ꀀ
create ꀀsoVware ꀀdevelopment ꀀmethods ꀀand ꀀtools ꀀwhich ꀀsupport ꀀ
the ꀀcrea:on ꀀof ꀀsolu:ons ꀀunder ꀀsafety ꀀconstraints. ꀀTo ꀀcreate ꀀsoV괠㴀
ware ꀀbased ꀀsafety ꀀsystems ꀀproviding ꀀdependable ꀀfailure ꀀmode ꀀ
detec:on ꀀand ꀀisola:on. ꀀTo ꀀdevelop ꀀsafety ꀀsystems ꀀfor ꀀmul:ple ꀀ
distributed ꀀrobot ꀀsystems. ꀀTo ꀀdevelop ꀀpredic:ve ꀀsystems ꀀto ꀀas괠㴀
sess ꀀthe ꀀsafety ꀀof ꀀhuman ꀀinterac:on.

Human ꀀRobot ꀀCollaboraKon
The ꀀability ꀀto ꀀphysically ꀀinteract ꀀwith ꀀpeople ꀀa ꀀfundamental ꀀrequirement ꀀfor ꀀthe ꀀnext ꀀgenera:on ꀀof ꀀrobots. ꀀMany ꀀpoten:al ꀀapplica:ons ꀀ
depend ꀀon ꀀdeveloping ꀀsafe ꀀrobots ꀀthat ꀀcan ꀀprovide ꀀautonomous, ꀀintui:ve, ꀀphysical ꀀinterac:on. ꀀTo ꀀachieve ꀀthis, ꀀhuman ꀀcollabora:on ꀀand ꀀ
safety ꀀcriteria ꀀneed ꀀto ꀀbe ꀀplaced ꀀat ꀀthe ꀀcentre ꀀof ꀀthe ꀀdesign ꀀprocess. ꀀIntui:ve ꀀphysical ꀀinterac:on ꀀbetween ꀀhumans ꀀand ꀀrobot ꀀsystems ꀀ
need ꀀto ꀀbe ꀀaddressed ꀀin ꀀan ꀀinterconnected ꀀmanner. ꀀThe ꀀgoal ꀀof ꀀthis ꀀtechnology ꀀis ꀀto ꀀenable ꀀthe ꀀclose, ꀀsafe ꀀand ꀀdependable ꀀphysical ꀀ
interac:on ꀀbetween ꀀpeople ꀀand ꀀrobots ꀀin ꀀa ꀀshared ꀀworkspace. ꀀ

Safety
Robots ꀀmust ꀀbe ꀀsafe ꀀto ꀀuse. ꀀSafety ꀀis ꀀa ꀀcri:cally ꀀimportant ꀀaspect ꀀof ꀀrobot ꀀopera:on, ꀀboth ꀀin ꀀan ꀀindustrial ꀀseSng ꀀand ꀀwhen ꀀrobots ꀀare ꀀ
interac:ng ꀀclosely ꀀwith ꀀpeople. ꀀSafety ꀀmust ꀀbe ꀀdesigned ꀀinto ꀀa ꀀsystem, ꀀand ꀀtested ꀀaccording ꀀto ꀀwell ꀀdefined ꀀstandards.

Better Interaction...
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Robot Autonomy: “Better Action and Awareness”
Autonomy ꀀdefines ꀀthe ꀀdifference ꀀbetween ꀀrobots ꀀand ꀀother ꀀmachines. ꀀThe ꀀability ꀀto ꀀinterpret ꀀthe ꀀsurrounding ꀀenviron괠㴀
ment ꀀand ꀀalter ꀀac4ons ꀀto ꀀachieve ꀀa ꀀgoal. ꀀAutonomy ꀀis ꀀbuilt ꀀwith ꀀthe ꀀunderlying ꀀtechnologies ꀀthat ꀀform ꀀthe ꀀmachine. ꀀIt ꀀu4l괠㴀
ises ꀀpercep4on ꀀtechnology ꀀto ꀀextract ꀀuseful ꀀinforma4on ꀀfrom ꀀsensors ꀀto ꀀassess ꀀthe ꀀstate ꀀof ꀀthe ꀀenvironment. ꀀIt ꀀu4lises ꀀ
naviga4on ꀀtechnologies ꀀto ꀀassess ꀀloca4on, ꀀbuild ꀀmaps ꀀof ꀀthe ꀀimmediate ꀀand ꀀdistant ꀀenvironment ꀀand ꀀmove ꀀwithin ꀀit. ꀀIt ꀀ
uses ꀀcogni4on ꀀto ꀀweld ꀀthis ꀀpercep4on ꀀof ꀀloca4on ꀀand ꀀenvironment ꀀtogether ꀀwith ꀀembedded ꀀor ꀀlearned ꀀknowledge ꀀabout ꀀ
interac4ons, ꀀobjects ꀀand ꀀprocesses ꀀto ꀀcreate ꀀand ꀀexecute ꀀplans ꀀfor ꀀac4on ꀀand ꀀinterac4on.

Technologies: Section 6 78
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State ꀀof ꀀthe ꀀArt
Raw ꀀsensor ꀀdata ꀀprocessing ꀀis ꀀoVen ꀀdone ꀀin ꀀa ꀀcentral ꀀprocessing ꀀ
unit. ꀀIn ꀀmore ꀀadvanced ꀀapplica:ons ꀀdata ꀀis ꀀfused ꀀfrom ꀀmul:ple ꀀ
sensors ꀀto ꀀprovide ꀀa ꀀbroader ꀀrange ꀀof ꀀinforma:on ꀀover ꀀ:me. ꀀSen괠㴀
sor ꀀprocessing ꀀcan ꀀlimit ꀀthe ꀀminimum ꀀloop ꀀ:me ꀀin ꀀdynamic ꀀcon괠㴀
trol ꀀapplica:ons. ꀀ

2020 ꀀTarget
To ꀀincrease ꀀthe ꀀdistribu:on ꀀof ꀀbasic ꀀsensor ꀀprocessing ꀀcloser ꀀto ꀀ
the ꀀsensors, ꀀthrough ꀀincreased ꀀintegra:on ꀀof ꀀsensing ꀀand ꀀproc괠㴀
essing. ꀀTo ꀀdevelop ꀀtechniques ꀀto ꀀenhance ꀀsensor ꀀfusion ꀀin ꀀboth ꀀ
non괠㴀distributed ꀀand ꀀdistributed ꀀsystems, ꀀand ꀀthe ꀀsharing ꀀof ꀀ
sense ꀀknowledge ꀀbetween ꀀcoopera:ng ꀀrobots. ꀀTo ꀀstandardise ꀀ
sensor ꀀinterfaces ꀀto ꀀenable ꀀa ꀀviable ꀀcomponent ꀀmarket ꀀplace. ꀀTo ꀀ
perform ꀀall괠㴀weather ꀀsensing ꀀin ꀀthe ꀀnatural ꀀenvironment.

Better Action and Awareness: Perception
This ꀀsec4on ꀀconsists ꀀof ꀀtechnologies ꀀdevoted ꀀto ꀀthe ꀀanalysis ꀀof ꀀsignals ꀀand ꀀdata ꀀprovided ꀀby ꀀsensors. ꀀThey ꀀconcentrate ꀀ
on ꀀthe ꀀextrac4on ꀀof ꀀknowledge ꀀand ꀀinforma4on ꀀfrom ꀀsense ꀀdata ꀀthrough ꀀinterpreta4on ꀀof ꀀthe ꀀsignals. ꀀThe ꀀability ꀀto ꀀex괠㴀
tract ꀀbasic ꀀknowledge ꀀabout ꀀthe ꀀphysical ꀀenvironment ꀀaround ꀀa ꀀrobot ꀀis ꀀcri4cal ꀀto ꀀthe ꀀdevelopment ꀀof ꀀall ꀀsmart ꀀrobot ꀀap괠㴀
plica4ons.
Sensing
If ꀀa ꀀrobot ꀀis ꀀto ꀀcorrectly ꀀunderstand ꀀits ꀀenvironment ꀀit ꀀmust ꀀbe ꀀable ꀀto ꀀdis:ll ꀀuseful ꀀinforma:on ꀀfrom ꀀthe ꀀstream ꀀof ꀀdata ꀀproduced ꀀby ꀀits ꀀ
sensors. ꀀTransforming ꀀand ꀀmerging ꀀthis ꀀdata ꀀso ꀀthat ꀀsalient ꀀinforma:on ꀀis ꀀextracted ꀀis ꀀa ꀀcri:cal ꀀstep ꀀin ꀀthe ꀀprocess ꀀof ꀀinterpreta:on. ꀀ

State ꀀof ꀀthe ꀀArt
Recognising ꀀa ꀀhandful ꀀof ꀀobjects ꀀin ꀀconstrained ꀀcircumstances ꀀis ꀀ
well ꀀknown ꀀand ꀀapplied ꀀin ꀀresearch ꀀsystems. ꀀThe ꀀrecogni:on ꀀof ꀀ
faces, ꀀhands ꀀand ꀀbody ꀀpose ꀀis ꀀwell ꀀunderstood ꀀand ꀀcommercial ꀀ
systems ꀀare ꀀavailable. ꀀThe ꀀrecogni:on ꀀof ꀀgestures ꀀand ꀀto ꀀa ꀀ
lesser ꀀextent ꀀfacial ꀀexpressions ꀀis ꀀbeginning ꀀto ꀀbe ꀀexploited. ꀀThe ꀀ
interpreta:on ꀀof ꀀ3D ꀀand ꀀvisual ꀀsensory ꀀdata ꀀis ꀀwell ꀀknown ꀀfor ꀀ
the ꀀiden:fica:on ꀀand ꀀrecogni:on ꀀof ꀀsalient ꀀfeatures ꀀin ꀀan ꀀenvi괠㴀
ronment. ꀀThe ꀀextrac:on ꀀof ꀀshape ꀀand ꀀ3D ꀀreconstruc:on ꀀfrom ꀀ
vision ꀀsensing ꀀis ꀀbeing ꀀresearched ꀀwith ꀀsome ꀀsuccess.

2020 ꀀTarget
To ꀀbe ꀀable ꀀto ꀀreliably ꀀrecognise ꀀa ꀀwide ꀀrange ꀀof ꀀknown ꀀobjects. ꀀ
To ꀀbe ꀀable ꀀto ꀀreconstruct ꀀ3D ꀀobject ꀀshapes ꀀfrom ꀀsensor ꀀdata ꀀto ꀀ
allow ꀀfast ꀀand ꀀefficient ꀀgrasp ꀀplanning ꀀand ꀀvisual ꀀservoing. ꀀTo ꀀex괠㴀
ploit ꀀthe ꀀpoten:al ꀀfor ꀀfacial ꀀexpression ꀀrecogni:on, ꀀto ꀀbe ꀀable ꀀto ꀀ
recognise ꀀand ꀀinterpret ꀀcomplex ꀀgestures. ꀀTo ꀀprovide ꀀreliable ꀀsali괠㴀
ent ꀀpoint ꀀand ꀀsitua:on ꀀrecogni:on ꀀover ꀀwide ꀀscale ꀀranges.

InterpretaKon
Robots ꀀneed ꀀto ꀀinterpret ꀀand ꀀperceive ꀀthe ꀀobjects ꀀand ꀀfeatures ꀀin ꀀtheir ꀀenvironment ꀀbased ꀀon ꀀthe ꀀinforma:on ꀀextracted ꀀfrom ꀀtheir ꀀsen괠㴀
sors. ꀀRecognising ꀀobjects, ꀀknowing ꀀwhere ꀀto ꀀgrasp ꀀan ꀀobject, ꀀor ꀀwhere ꀀto ꀀplace ꀀit. ꀀNo:cing ꀀthat ꀀsomething ꀀimportant ꀀhas ꀀhappened ꀀ
against ꀀa ꀀbackground ꀀof ꀀother ꀀevents. ꀀThese ꀀskills ꀀare ꀀessen:al ꀀfor ꀀa ꀀrobot ꀀto ꀀcarry ꀀout ꀀtasks ꀀwhere ꀀit ꀀmust ꀀoperate ꀀin ꀀan ꀀeveryday ꀀenvi괠㴀
ronment ꀀin ꀀconjunc:on ꀀwith ꀀpeople.

Technologies: Section 7 79
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State ꀀof ꀀthe ꀀArt
The ꀀderiva:on ꀀof ꀀmaps ꀀfrom ꀀsensor ꀀdata ꀀin ꀀunknown ꀀenviron괠㴀
ments ꀀis ꀀnow ꀀwell ꀀunderstood. ꀀLoop ꀀclosing ꀀin ꀀlarge ꀀsensor ꀀde괠㴀
rived ꀀmaps ꀀis ꀀalso ꀀunderstood.

2020 ꀀTarget
To ꀀbe ꀀable ꀀto ꀀmaintain ꀀmaps ꀀof ꀀdynamic ꀀenvironments ꀀover ꀀ
longer ꀀperiods ꀀof ꀀ:me. ꀀTo ꀀbe ꀀable ꀀto ꀀsegment ꀀand ꀀapply ꀀlabels ꀀ
to ꀀmaps ꀀiden:fying ꀀkey ꀀenvironmental ꀀfeatures. ꀀTo ꀀbe ꀀable ꀀto ꀀ
segment ꀀmaps ꀀbased ꀀon ꀀenvironmental ꀀfeatures ꀀin ꀀa ꀀway ꀀthat ꀀis ꀀ
compa:ble ꀀwith ꀀthe ꀀusers’ ꀀsegmenta:on ꀀof ꀀthe ꀀenvironment. ꀀTo ꀀ
be ꀀable ꀀto ꀀadd ꀀseman:c ꀀinforma:on ꀀto ꀀmaps. ꀀTo ꀀdevelop ꀀcoop괠㴀
era:ve ꀀmap ꀀforming ꀀmethods.

Better Action and Awareness: Navigation
Robots ꀀneed ꀀto ꀀnavigate ꀀthrough ꀀtheir ꀀopera4ng ꀀenvironments ꀀavoiding ꀀobstacles ꀀand ꀀreaching ꀀtheir ꀀdes4na4ons. ꀀThis ꀀre괠㴀
quires ꀀan ꀀinterac4ng ꀀcombina4on ꀀof ꀀdifferent ꀀtechnologies ꀀin ꀀorder ꀀfor ꀀthe ꀀrobot ꀀto ꀀknow ꀀits ꀀloca4on ꀀin ꀀits ꀀenvironment ꀀ
and ꀀplan ꀀits ꀀnaviga4on.

Mapping
For ꀀa ꀀrobot ꀀto ꀀunderstand ꀀthe ꀀwider ꀀenvironment ꀀit ꀀmust ꀀconstruct ꀀmaps ꀀas ꀀit ꀀtravels ꀀthrough ꀀthat ꀀenvironment. ꀀThese ꀀmaps ꀀmay ꀀcarry ꀀ
markers ꀀfor ꀀpoints ꀀof ꀀinterest. ꀀRobots, ꀀand ꀀpar:cularly, ꀀmobile ꀀrobots ꀀhave ꀀno ꀀabsolute ꀀpoint ꀀof ꀀreference ꀀso ꀀmaps ꀀmust ꀀbe ꀀconstructed ꀀ
from ꀀthe ꀀenvironment ꀀand ꀀcon:nually ꀀverified. ꀀIf ꀀa ꀀrobot ꀀretains ꀀthese ꀀmaps ꀀfor ꀀuse ꀀover ꀀa ꀀlong ꀀ:me ꀀscale ꀀthen ꀀas ꀀthe ꀀenvironment ꀀ
changes ꀀit ꀀwill ꀀneed ꀀto ꀀkeep ꀀthese ꀀmaps ꀀup ꀀto ꀀdate.

State ꀀof ꀀthe ꀀArt
Localisa:on ꀀwith ꀀGPS ꀀand ꀀaugmented ꀀGPS ꀀsystems ꀀis ꀀwell ꀀ
known. ꀀLocalisa:on ꀀon ꀀmaps ꀀconstructed ꀀform ꀀsense ꀀdata ꀀis ꀀ
well ꀀknown. ꀀLocalisa:on ꀀof ꀀcomplex ꀀmechanical ꀀstructures ꀀis ꀀ
also ꀀwell ꀀknown.

2020 ꀀTarget
To ꀀincrease ꀀthe ꀀaccuracy ꀀof ꀀlocalisa:on ꀀon ꀀmaps ꀀconstructed ꀀ
from ꀀsense ꀀdata. ꀀTo ꀀbe ꀀable ꀀto ꀀmerge ꀀand ꀀcombine ꀀmul:괠㴀scale ꀀ
maps ꀀderived ꀀfrom ꀀdifferent ꀀdata ꀀsets. ꀀTo ꀀbe ꀀable ꀀto ꀀuse ꀀhuman ꀀ
like ꀀsegmenta:on ꀀof ꀀmaps ꀀto ꀀlocate ꀀwaypoints ꀀand ꀀloca:ons ꀀ
iden:fied ꀀby ꀀan ꀀunskilled ꀀuser. ꀀTo ꀀbe ꀀable ꀀto ꀀlocalise ꀀin ꀀa ꀀdy괠㴀
namic ꀀenvironment. ꀀTo ꀀperform ꀀopportunis:c ꀀlocalisa:on ꀀby ꀀex괠㴀
ploi:ng ꀀexis:ng ꀀsignals ꀀin ꀀthe ꀀenvironment.

LocalisaKon
In ꀀorder ꀀto ꀀsuccessfully ꀀcarry ꀀout ꀀtasks ꀀa ꀀrobot ꀀmust ꀀknow ꀀwhere ꀀit ꀀis. ꀀThe ꀀaccuracy ꀀof ꀀthis ꀀlocalisa:on ꀀwill ꀀdepend ꀀon ꀀthe ꀀtask. ꀀAlthough ꀀ
outdoors ꀀGPS ꀀcan ꀀprovide ꀀa ꀀvery ꀀaccurate ꀀidea ꀀof ꀀloca:on ꀀit ꀀdoes ꀀnot ꀀwork ꀀeverywhere. ꀀIndoors ꀀrobots ꀀneed ꀀto ꀀuse ꀀtheir ꀀmaps ꀀand ꀀsen괠㴀
sors ꀀin ꀀcombina:on ꀀto ꀀiden:fy ꀀwhere ꀀthey ꀀare. ꀀWhen ꀀpeople ꀀinstruct ꀀrobots ꀀthey ꀀoVen ꀀneed ꀀto ꀀspecify ꀀa ꀀloca:on ꀀin ꀀhuman ꀀterms. ꀀRo괠㴀
bots ꀀneed ꀀto ꀀbe ꀀable ꀀto ꀀsegment ꀀspaces ꀀand ꀀiden:fy ꀀloca:ons ꀀin ꀀa ꀀway ꀀthat ꀀis ꀀcompa:ble ꀀwith ꀀa ꀀusers ꀀinstruc:ons.

Technologies: Section 8 80
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State ꀀof ꀀthe ꀀArt
Trajectory ꀀplanning ꀀand ꀀsimple ꀀmo:on ꀀplanning ꀀround ꀀobstacles ꀀ
is ꀀwell ꀀunderstood. ꀀComplex ꀀmo:on ꀀplanning ꀀfor ꀀmul:ple ꀀde괠㴀
grees ꀀof ꀀfreedom ꀀarms ꀀis ꀀwell ꀀunderstood ꀀas ꀀan ꀀop:misa:on ꀀ
problem.

2020 ꀀTarget
To ꀀdevise ꀀrobust ꀀstrategies ꀀfor ꀀmo:on ꀀplanning ꀀmul:ple ꀀdegrees ꀀ
of ꀀfreedom ꀀmechanical ꀀsystems ꀀin ꀀunstructured ꀀand ꀀdynamic ꀀen괠㴀
vironments. ꀀTo ꀀdevise ꀀlarge ꀀscale ꀀmo:on ꀀplanning ꀀmethods ꀀthat ꀀ
can ꀀsucceed ꀀwith ꀀsparse ꀀenvironmental ꀀdata. ꀀTo ꀀimprove ꀀdistrib괠㴀
uted ꀀcoopera:on ꀀplanning ꀀin ꀀmul:ple ꀀrobot ꀀsystems.

MoKon ꀀPlanning
Robots ꀀneed ꀀto ꀀplan ꀀthe ꀀpath ꀀand ꀀhow ꀀthey ꀀmove ꀀfrom ꀀone ꀀplace ꀀto ꀀanother. ꀀComplex ꀀmechanical ꀀsystems ꀀmay ꀀhave ꀀmul:ple ꀀpaths ꀀto ꀀ
reach ꀀa ꀀdes:na:on ꀀbut ꀀeach ꀀwith ꀀa ꀀdifferent ꀀcost. ꀀSpeed ꀀneeds ꀀto ꀀbe ꀀtraded ꀀwith ꀀstability ꀀwhen ꀀcarrying ꀀa ꀀheavy ꀀload, ꀀa ꀀmobile ꀀrobot ꀀ
needs ꀀto ꀀplan ꀀhow ꀀto ꀀpass ꀀthrough ꀀa ꀀdoorway ꀀas ꀀsmoothly ꀀas ꀀpossible.

Navigation...
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State ꀀof ꀀthe ꀀArt
General괠㴀purpose ꀀcogni:ve ꀀscience ꀀarchitectures ꀀsuch ꀀas ꀀSoar ꀀ
and ꀀACT괠㴀R ꀀare ꀀwell ꀀestablished. ꀀContemporary ꀀresearch ꀀin ꀀcogni괠㴀
:ve ꀀarchitectures ꀀis ꀀincreasingly ꀀtargeted ꀀat ꀀrobot ꀀplanorms.

2020 ꀀTarget
To ꀀestablish ꀀstandardised, ꀀwell괠㴀engineered, ꀀand ꀀre괠㴀usable ꀀcogni괠㴀
:ve ꀀarchitectures ꀀthat ꀀfacilitate ꀀintegra:on ꀀand ꀀsharing ꀀof ꀀknowl괠㴀
edge ꀀfrom ꀀdisparate ꀀsources, ꀀincluding ꀀhumans, ꀀrobots, ꀀand ꀀthe ꀀ
internet. ꀀTo ꀀincorporate ꀀa ꀀdevelopmental ꀀcapacity ꀀfor ꀀacquiring ꀀ
and ꀀhoning ꀀrobot ꀀskills, ꀀespecially ꀀthose ꀀconcerned ꀀwith ꀀadap괠㴀
:ve ꀀand ꀀprospec:ve ꀀcontrol ꀀof ꀀac:ons. ꀀTo ꀀexploit ꀀmodels ꀀof ꀀem괠㴀
bodied ꀀcogni:on. ꀀTo ꀀintegrate ꀀautonomic ꀀprocesses ꀀthat ꀀcater ꀀ
for ꀀself괠㴀diagnos:c, ꀀself괠㴀correc:ng ꀀregula:on ꀀof ꀀsystem ꀀperform괠㴀
ance.

Better Action and Awareness: Cognition
Cogni4on ꀀprovides ꀀa ꀀrobot ꀀwith ꀀthe ꀀability ꀀto ꀀunderstand ꀀits ꀀenvironment ꀀ– ꀀeven ꀀfrom ꀀpar4al ꀀknowledge ꀀ– ꀀnow ꀀand ꀀin ꀀ
the ꀀfuture, ꀀand ꀀto ꀀuse ꀀthis ꀀunderstanding ꀀfor ꀀac4on. ꀀCogni4on ꀀbreaks ꀀfree ꀀof ꀀthe ꀀpresent ꀀin ꀀa ꀀway ꀀthat ꀀallows ꀀthe ꀀrobot ꀀto ꀀ
act ꀀreliably ꀀand ꀀsafely, ꀀto ꀀadapt, ꀀand ꀀto ꀀimprove. ꀀThis ꀀis ꀀneeded ꀀfor ꀀrobots ꀀto ꀀact ꀀin ꀀa ꀀgoal괠㴀directed ꀀway ꀀin ꀀunstructured ꀀen괠㴀
vironments, ꀀsuch ꀀas ꀀin ꀀeveryday ꀀenvironments. ꀀIn ꀀsuch ꀀenvironments, ꀀrobot ꀀtasks ꀀcan ꀀonly ꀀbe ꀀincompletely ꀀor ꀀvaguely ꀀ
specified ꀀand ꀀthe ꀀrobot ꀀmust ꀀuse ꀀcommon ꀀsense ꀀreasoning ꀀto ꀀfill ꀀin ꀀthe ꀀnecessary ꀀdetail ꀀbased ꀀon ꀀthe ꀀcurrent ꀀcontext ꀀand ꀀ
goals.

Many ꀀrobot ꀀtechnologies ꀀexploit ꀀcogni4ve ꀀprocesses ꀀand ꀀtechniques, ꀀincluding ꀀpercep4on, ꀀplanning, ꀀnaviga4on, ꀀand ꀀ
human괠㴀robot ꀀinterac4on. ꀀAll ꀀof ꀀthese ꀀwill ꀀbenefit ꀀfrom ꀀimprovements ꀀof ꀀthe ꀀcogni4ve ꀀtechnologies ꀀlisted ꀀhere.

CogniKve ꀀArchitectures
A ꀀcogni:ve ꀀarchitecture ꀀdetermines ꀀthe ꀀorganisa:on ꀀof ꀀthe ꀀsystem’s ꀀcogni:ve ꀀfunc:ons. ꀀ ꀀIt ꀀprovides ꀀthe ꀀinfrastructure ꀀfor ꀀembedding ꀀ
knowledge, ꀀacquiring ꀀnew ꀀknowledge, ꀀand ꀀusing ꀀthat ꀀknowledge ꀀto ꀀunderstand ꀀthe ꀀworld, ꀀto ꀀact ꀀpurposefully, ꀀand ꀀto ꀀan:cipate ꀀthe ꀀ
need ꀀfor ꀀac:on. ꀀ ꀀIt ꀀcan ꀀalso ꀀprovide ꀀa ꀀframework ꀀto ꀀallow ꀀnew ꀀskills ꀀto ꀀbe ꀀdeveloped ꀀthrough ꀀexperience.

Technologies: Section 9 82
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State ꀀof ꀀthe ꀀArt
Many ꀀdifferent ꀀtypes ꀀand ꀀa ꀀbroad ꀀrange ꀀof ꀀmethods ꀀof ꀀlearning ꀀ
are ꀀwell ꀀknown ꀀand ꀀwell ꀀcharacterised ꀀmathema:cally. ꀀSimple ꀀ
learning ꀀof ꀀmo:on ꀀsequences ꀀis ꀀwidely ꀀused, ꀀand ꀀadap:ve ꀀcon괠㴀
trol ꀀstrategies ꀀare ꀀused ꀀin ꀀa ꀀvariety ꀀof ꀀcomplex ꀀsystems. ꀀCategori괠㴀
sa:on ꀀis ꀀpart ꀀof ꀀintelligent ꀀsensing; ꀀlearning ꀀand ꀀgeneralising ꀀ
cases ꀀis ꀀa ꀀpart ꀀof ꀀplanning.

2020 ꀀTarget
To ꀀdevise ꀀmethods ꀀfor ꀀthe ꀀlong ꀀterm ꀀaccumula:on ꀀof ꀀinforma괠㴀
:on ꀀabout ꀀthe ꀀenvironment ꀀand ꀀthe ꀀrobot's ꀀown ꀀperformance. ꀀ
To ꀀlearn ꀀfrom ꀀsingle괠㴀instance ꀀdemonstra:on ꀀby ꀀan ꀀindividual ꀀper괠㴀
son ꀀand ꀀto ꀀhave ꀀthe ꀀacquired ꀀskill ꀀhoned ꀀthrough ꀀcoaching. ꀀTo ꀀ
learn ꀀcollec:vely, ꀀboth ꀀacross ꀀthe ꀀexperience ꀀof ꀀmul:ple ꀀrobots ꀀ
and ꀀfrom ꀀobserva:on ꀀof ꀀhumans ꀀand ꀀother ꀀanimals. ꀀTo ꀀuncover ꀀ
innova:ve ꀀways ꀀto ꀀaddressing ꀀproblems ꀀand ꀀdealing ꀀwith ꀀnovel ꀀ
situa:ons ꀀby ꀀgeneralising ꀀlearned ꀀknowledge ꀀand ꀀrecombining ꀀ
known ꀀstrategies. ꀀTo ꀀexploit ꀀcrea:vity ꀀto ꀀmake ꀀrobots ꀀmore ꀀ
natural ꀀand ꀀentertaining ꀀcompanions.

State ꀀof ꀀthe ꀀArt
Knowledge ꀀRepresenta:on ꀀand ꀀReasoning ꀀ(KR&R) ꀀis ꀀa ꀀmature ꀀ
field ꀀof ꀀAr:ficial ꀀIntelligence, ꀀwhich ꀀis ꀀpivotal ꀀto ꀀleading ꀀcommer괠㴀
cial ꀀtechnologies ꀀlike ꀀdata ꀀmining, ꀀsearch ꀀengines ꀀand ꀀrecom괠㴀
menda:on ꀀsystems. ꀀMany ꀀKR&R ꀀformalisms ꀀand ꀀtools ꀀare ꀀavail괠㴀
able ꀀwhich ꀀtarget ꀀdifferent ꀀtypes ꀀof ꀀknowledge, ꀀe.g., ꀀontological, ꀀ
temporal, ꀀcausal, ꀀprocedural ꀀor ꀀspa:al. ꀀSome ꀀlanguages ꀀpro괠㴀
duced ꀀin ꀀthis ꀀcommunity ꀀhave ꀀbecome ꀀstandard, ꀀlike ꀀthe ꀀOWL ꀀ
family.

2020 ꀀTarget
To ꀀleverage ꀀthe ꀀuse ꀀof ꀀavailable ꀀKR&R ꀀmethods ꀀto ꀀallow ꀀrobots ꀀ
to: ꀀunderstand ꀀtheir ꀀenvironment ꀀat ꀀthe ꀀseman:c ꀀlevel; ꀀcope ꀀ
with ꀀpar:al ꀀand ꀀinconsistent ꀀinforma:on; ꀀengage ꀀin ꀀmeaningful ꀀ
interac:ons ꀀwith ꀀhumans; ꀀeasily ꀀincorporate ꀀnew ꀀknowledge ꀀ
about ꀀnovel ꀀtasks ꀀand ꀀdomains; ꀀand ꀀshare ꀀknowledge ꀀand ꀀexpe괠㴀
rience ꀀwith ꀀother ꀀrobots.

Learning ꀀDevelopment ꀀand ꀀAdaptaKon
Learning ꀀallows ꀀthe ꀀaccumula:on ꀀof ꀀknowledge ꀀover ꀀ:me ꀀto ꀀinfluence ꀀthe ꀀabili:es ꀀof ꀀa ꀀrobot ꀀsystem, ꀀin ꀀpar:cular ꀀits ꀀabili:es ꀀto ꀀperceive ꀀ
the ꀀenvironment, ꀀto ꀀmake ꀀdecisions, ꀀto ꀀbehave ꀀintelligently, ꀀand ꀀto ꀀinteract ꀀnaturally ꀀwith ꀀhumans.

Knowledge ꀀRepresentaKon ꀀand ꀀReasoning
Knowledge괠㴀based ꀀmethods ꀀprovide ꀀformalisms ꀀto ꀀrepresent ꀀknowledge ꀀin ꀀan ꀀexplicit, ꀀmachine괠㴀readable ꀀform, ꀀand ꀀto ꀀreason ꀀfrom ꀀthis ꀀ
knowledge ꀀand ꀀabout ꀀthis ꀀknowledge. ꀀ ꀀKnowledge ꀀis ꀀneeded ꀀfor ꀀrobots ꀀto ꀀunderstand ꀀthe ꀀenvironment, ꀀto ꀀinteract ꀀwith ꀀhumans, ꀀto ꀀplan ꀀ
ac:ons, ꀀto ꀀshare ꀀexperiences, ꀀand ꀀto ꀀdiagnose ꀀsystem ꀀfaults. ꀀKnowledge괠㴀based ꀀmethods ꀀallow ꀀreasoning ꀀfrom ꀀincomplete ꀀand ꀀuncertain ꀀ
knowledge.

Cognition...
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State ꀀof ꀀthe ꀀArt
Ac:on ꀀplanning ꀀis ꀀone ꀀof ꀀthe ꀀoldest ꀀareas ꀀof ꀀresearch ꀀin ꀀAr:fi괠㴀
cial ꀀIntelligence, ꀀand ꀀmany ꀀeffec:ve ꀀplanning ꀀsystems ꀀare ꀀavail괠㴀
able. ꀀThe ꀀcoupling ꀀof ꀀac:on ꀀplanning ꀀwith ꀀsensing ꀀand ꀀactua:on ꀀ
has ꀀbeen ꀀso ꀀfar ꀀmostly ꀀthe ꀀtopic ꀀof ꀀacademic ꀀresearch, ꀀbut ꀀit ꀀis ꀀ
now ꀀreaching ꀀa ꀀmore ꀀmature ꀀstage. ꀀGeometric ꀀor ꀀmo:on ꀀplan괠㴀
ning ꀀare ꀀtypically ꀀnot ꀀaddressed ꀀin ꀀthis ꀀarea.

2020 ꀀTarget
To ꀀincorporate ꀀadvanced ꀀac:on ꀀplanning ꀀtechniques ꀀinto ꀀro괠㴀
bo:c ꀀsystems ꀀin ꀀorder ꀀto ꀀmeet ꀀthe ꀀdemands ꀀfor ꀀincreased ꀀflexi괠㴀
bility, ꀀautonomy, ꀀsafety ꀀand ꀀease ꀀof ꀀprogramming. ꀀTo ꀀintegrate ꀀ
planning ꀀin ꀀthe ꀀexecu:on ꀀloop ꀀto ꀀaddress ꀀchanging, ꀀcomplex ꀀ
and ꀀunpredictable ꀀapplica:on ꀀdomains, ꀀespecially ꀀthose ꀀwhere ꀀ
robots ꀀand ꀀhuman ꀀco괠㴀exist. ꀀTo ꀀintegrate ꀀac:on ꀀand ꀀmo:on ꀀplan괠㴀
ning. ꀀTo ꀀenable ꀀthe ꀀautoma:c ꀀsynthesis ꀀand ꀀverifica:on ꀀof ꀀrobot ꀀ
behaviours.

State ꀀof ꀀthe ꀀArt
Natural ꀀLanguage ꀀProcessing ꀀ(NLP) ꀀallows ꀀcogni:ve ꀀsystems ꀀto ꀀ
understand ꀀand ꀀuse ꀀordinary ꀀlanguage, ꀀmaking ꀀit ꀀeasier ꀀto ꀀcom괠㴀
municate ꀀwith ꀀinexpert ꀀusers. ꀀSimple ꀀinterac:on ꀀis ꀀcommon ꀀin ꀀ
commercial ꀀsystems ꀀfrom ꀀsearch ꀀengines ꀀto ꀀsmart ꀀphones, ꀀin괠㴀
cluding ꀀboth ꀀspeech ꀀand ꀀgesture. ꀀMinimal ꀀsystems ꀀfor ꀀemo:on ꀀ
recogni:on ꀀare ꀀused ꀀin ꀀautomated ꀀsupport ꀀand ꀀFAQ ꀀsystems, ꀀ
oVen ꀀbased ꀀon ꀀkeyword ꀀrecogni:on.

2020 ꀀTarget
To ꀀextend ꀀbasic ꀀinterac:on ꀀcapabili:es ꀀto ꀀexploit ꀀgestural, ꀀemo괠㴀
:onal, ꀀand ꀀinten:onal ꀀcues. ꀀ ꀀTo ꀀdevelop ꀀsystem ꀀcapabili:es ꀀof ꀀ
limited ꀀforms ꀀof ꀀcoopera:on ꀀand ꀀcollabora:on. ꀀTo ꀀallow ꀀrobots ꀀ
to ꀀtake ꀀand ꀀgive ꀀinstruc:ons. ꀀTo ꀀallow ꀀrobots ꀀto ꀀrelate ꀀlanguage ꀀ
to ꀀknown ꀀperceptual ꀀcategories, ꀀac:ons ꀀor ꀀplans ꀀsuch ꀀthat ꀀthey ꀀ
can ꀀinfer ꀀinten:on ꀀand ꀀunderstand ꀀmeaning. ꀀ ꀀTo ꀀallow ꀀsystems ꀀ
to ꀀdetect ꀀand ꀀintervene ꀀwhen ꀀfailures ꀀof ꀀcollabora:on ꀀor ꀀunder괠㴀
standing ꀀoccur.

AcKon ꀀPlanning
Ac:on ꀀplanning ꀀis ꀀthe ꀀexploita:on ꀀof ꀀtemporal ꀀprojec:on ꀀand ꀀmeans괠㴀ends ꀀreasoning ꀀto ꀀgenerate ꀀplans ꀀfor ꀀfuture ꀀac:ons ꀀthat ꀀachieve ꀀ
given ꀀgoals. ꀀThis ꀀincludes ꀀtask ꀀplanning, ꀀscheduling ꀀand ꀀobserva:on ꀀplanning, ꀀas ꀀwell ꀀas ꀀplanning ꀀunder ꀀuncertainty ꀀand ꀀmul:괠㴀robot ꀀplan괠㴀
ning. ꀀKnowledge ꀀand ꀀcogni:on ꀀare ꀀkey ꀀcomponents ꀀin ꀀthis ꀀprocess.

Natural ꀀInteracKon
Collabora:ng ꀀand ꀀinterac:ng ꀀwith ꀀhumans ꀀand ꀀother ꀀco괠㴀workers ꀀrequires ꀀa ꀀhigh ꀀlevel ꀀof ꀀcogni:ve ꀀcompa:bility ꀀbetween ꀀhuman ꀀand ꀀma괠㴀
chine. ꀀSuccessful ꀀinterac:on ꀀdepends ꀀon ꀀan ꀀunderstanding ꀀof ꀀa ꀀpartner’s ꀀneeds ꀀand ꀀinten:ons. ꀀ ꀀIn ꀀhumans, ꀀthese ꀀare ꀀconveyed ꀀby ꀀa ꀀvari괠㴀
ety ꀀof ꀀcues: ꀀwords, ꀀgestures, ꀀand ꀀemo:onal ꀀexpressions, ꀀand ꀀrely ꀀon ꀀsystems ꀀof ꀀturn ꀀtaking.

Cognition...

Cognition 84
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All ꀀtoo ꀀoVen ꀀthese ꀀcross ꀀboundary ꀀtechnologies ꀀtake ꀀa ꀀ
long ꀀ:me ꀀto ꀀdevelop ꀀbecause ꀀof ꀀar:ficial ꀀbarriers ꀀcreated ꀀ
by ꀀcompartmentalised ꀀfunding ꀀand ꀀdifficul:es ꀀin ꀀcross ꀀfer괠㴀
:lising ꀀexper:se. ꀀHighligh:ng ꀀcross ꀀboundary ꀀ
technologies ꀀand ꀀthe ꀀestablishment ꀀof ꀀresponsive ꀀfund괠㴀
ing ꀀto ꀀnew ꀀdevelopments ꀀshould ꀀenable ꀀEurope ꀀto ꀀcapi괠㴀
talise ꀀon ꀀnew ꀀadvances ꀀand ꀀgain ꀀleverage ꀀin ꀀnewly ꀀcom괠㴀
bined ꀀtechnical ꀀareas.

85Technologies: Section 10

Technology ꀀ
Combina&ons

Technology ꀀ combina$ons ꀀ represent ꀀ areas ꀀ of ꀀ
significant ꀀgrowth ꀀand ꀀopportunity. ꀀFundamental ꀀ
advances ꀀ o_en ꀀ come ꀀ from ꀀ the ꀀ combina$on ꀀ of ꀀ
different ꀀ underlying ꀀ technologies ꀀ that ꀀ build ꀀ a ꀀ
performance ꀀadvantage ꀀgreater ꀀ than ꀀthe ꀀsum ꀀof ꀀ
its ꀀ parts. ꀀ These ꀀ technology ꀀ combina$ons ꀀ o_en ꀀ
provide ꀀ significant ꀀ “gearing” ꀀ to ꀀ step ꀀ changes ꀀ in ꀀ
capability.
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The ꀀbroad ꀀtechnical ꀀbase ꀀin ꀀrobo:cs ꀀmeans ꀀthat ꀀthe ꀀopportunity ꀀ
to ꀀdevelop ꀀtechnology ꀀcombina:ons ꀀis ꀀalready ꀀan ꀀimportant ꀀpart ꀀ
of ꀀthe ꀀrobo:cs ꀀtechnology ꀀlandscape.

By ꀀtheir ꀀvery ꀀnature ꀀtechnology ꀀcombina:ons ꀀdo ꀀnot ꀀfit ꀀeasily ꀀ
into ꀀany ꀀtop ꀀdown ꀀclassifica:on ꀀscheme. ꀀInstead ꀀthey ꀀrely ꀀon ꀀ
links ꀀthat ꀀbind ꀀdifferent ꀀstrands ꀀof ꀀtechnology ꀀtogether. ꀀBy ꀀex괠㴀
plicitly ꀀconsidering ꀀcombina:ons ꀀas ꀀan ꀀimportant ꀀpart ꀀof ꀀthe ꀀ
research ꀀand ꀀinnova:on ꀀprocess ꀀthe ꀀstructures ꀀand ꀀsupport ꀀfor ꀀ
these ꀀtechnical ꀀcross ꀀlinks ꀀcan ꀀbe ꀀbecer ꀀmanaged.

Technology ꀀcombina:ons ꀀwill ꀀalso ꀀoccur ꀀbetween ꀀrobo:cs ꀀtech괠㴀
nology ꀀand ꀀother ꀀglobal ꀀtechnology ꀀstrands ꀀcrea:ng ꀀhigh ꀀlevel ꀀ
and ꀀwide ꀀspread ꀀopportuni:es ꀀfor ꀀinnova:on. ꀀFor ꀀexample ꀀcou괠㴀
pling ꀀrobo:cs ꀀto ꀀbig ꀀdata ꀀini:a:ves, ꀀto ꀀglobal ꀀknowledge ꀀen괠㴀
gines ꀀor ꀀthe ꀀinternet ꀀof ꀀthings.

It ꀀis ꀀimportant ꀀto ꀀnote ꀀthat ꀀthe ꀀcombina:ons ꀀdetailed ꀀhere ꀀare ꀀ
not ꀀtargeted ꀀat ꀀspecific ꀀmarkets ꀀor ꀀforms ꀀof ꀀrobot, ꀀbut ꀀcombina괠㴀
:ons ꀀthat ꀀprovide ꀀstep ꀀchanges ꀀin ꀀcapability ꀀacross ꀀthe ꀀwhole ꀀ
spectrum ꀀof ꀀrobo:cs ꀀapplica:on.

These ꀀdescrip:ons ꀀillustrate ꀀa ꀀnumber ꀀof ꀀdifferent ꀀtechnology ꀀ
combina:ons.They ꀀare ꀀexamples ꀀfrom ꀀa ꀀlarge ꀀnumber ꀀof ꀀtechni괠㴀
cal ꀀcombina:ons ꀀthat ꀀneed ꀀto ꀀbe ꀀexplored. ꀀBuilding ꀀon ꀀmutual ꀀ
strengths ꀀwithin ꀀan ꀀopen ꀀcollabora:ve ꀀenvironment ꀀis ꀀessen:al ꀀ
to ꀀthe ꀀexplora:on ꀀof ꀀcombina:ons.

Technology ꀀcombina:ons ꀀcan ꀀbe ꀀclustered ꀀwith ꀀrespect ꀀto ꀀthe ꀀ
general ꀀlinkages ꀀthey ꀀcreate ꀀbetween ꀀthe ꀀhigh ꀀlevel ꀀtechnical ꀀ
clusters ꀀiden:fied ꀀearlier. ꀀIn ꀀsome ꀀof ꀀthe ꀀexamples ꀀthe ꀀcombina괠㴀

:ons ꀀform ꀀwithin ꀀa ꀀhigh ꀀlevel ꀀcluster, ꀀin ꀀothers ꀀthe ꀀcombina:on ꀀ
spans ꀀbetween ꀀclusters.

PercepIon, ꀀMechatronic ꀀand ꀀCogniIve ꀀTechnologies

Visual servoing
The ꀀ combina:on ꀀ of ꀀ vision, ꀀ control ꀀ and ꀀ mo:on ꀀ planning ꀀ
technologies ꀀ to ꀀdrive ꀀ a ꀀmechanical ꀀ structure ꀀ from ꀀ scene ꀀ in괠㴀
forma:on ꀀin ꀀa ꀀvisual ꀀstream.

Grasping and dexterous manipulation
The ꀀcombina:on ꀀof ꀀtac:le ꀀsensing, ꀀcontrol ꀀof ꀀa ꀀcomplex ꀀme괠㴀
chanical ꀀsystem, ꀀand ꀀthe ꀀ interpreta:on ꀀof ꀀobject ꀀshape ꀀand ꀀ
context. ꀀTypically ꀀinvolves ꀀcarrying ꀀout ꀀmanual ꀀtasks ꀀsuch ꀀas ꀀ
picking ꀀup ꀀ and ꀀorien:ng ꀀ irregular ꀀ objects, ꀀ and ꀀ carrying ꀀout ꀀ
manipula:on ꀀ of ꀀ those ꀀ objects, ꀀ for ꀀ example ꀀ picking ꀀ up ꀀ and ꀀ
pushing ꀀan ꀀelectric ꀀplug ꀀinto ꀀa ꀀsocket.

Manipulation and assembly
The ꀀ manipula:on ꀀ of ꀀ mul:ple ꀀ objects ꀀ presents ꀀ significant ꀀ
challenges ꀀ in ꀀ the ꀀ integra:on ꀀ of ꀀ percep:on, ꀀ planning ꀀ and ꀀ
task ꀀ execu:on. ꀀ This ꀀ combina:on ꀀ has ꀀ broad ꀀ impact ꀀ across ꀀ
manufacturing, ꀀspace ꀀand ꀀhealthcare ꀀapplica:ons.

PercepIon, ꀀMechatronic ꀀand ꀀHuman ꀀRobot ꀀInteracIon ꀀ
Technologies

Physical human robot interaction
Combines ꀀcompliant ꀀ control ꀀof ꀀ a ꀀ complex ꀀmechanical ꀀ struc괠㴀
ture ꀀwith ꀀvisual ꀀand ꀀtac:le ꀀpercep:on ꀀof ꀀhuman ꀀinterac:on ꀀ
to ꀀproduce ꀀintui:ve ꀀphysical ꀀinterfaces.

Technology Combinations 86
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Robot interaction with cloud services and ambient 
devices
Robots ꀀneed ꀀ to ꀀgather ꀀcontextual ꀀdata ꀀ from ꀀ their ꀀ surround괠㴀
ings, ꀀ other ꀀ devices, ꀀ addi:onal ꀀ data ꀀ may ꀀ be ꀀ available ꀀ via ꀀ
cloud ꀀdevices ꀀor ꀀthe ꀀinternet ꀀof ꀀthings. ꀀThe ꀀinterpreta:on ꀀof ꀀ
sense ꀀdata, ꀀfeatures ꀀor ꀀobjects ꀀcan ꀀalso ꀀbe ꀀoffloaded ꀀto ꀀthe ꀀ
cloud ꀀ so ꀀ that ꀀglobal ꀀdata ꀀ sources ꀀ can ꀀbe ꀀused ꀀ to ꀀmaximise ꀀ
the ꀀinforma:on ꀀgain.

Bio and human compatible systems for physical 
interaction
Combines ꀀmechanical ꀀsystems ꀀdesign, ꀀmaterials ꀀand ꀀsensing ꀀ
with ꀀ physical ꀀ human ꀀ robot ꀀ interac:on ꀀ technologies ꀀ to ꀀ de괠㴀
velop ꀀ robo:c ꀀ systems ꀀ that ꀀ are ꀀ op:mal ꀀ for ꀀ human ꀀ
interac:on. ꀀ Applicable ꀀ in ꀀ rehabilita:on, ꀀ industrial ꀀ co괠㴀
working, ꀀsurgical ꀀrobo:cs ꀀand ꀀassis:ve ꀀtechnology, ꀀwhen ꀀcre괠㴀
a:ng ꀀclose ꀀcoupled ꀀrobo:c ꀀsystems.

Mechatronic ꀀTechnologies

Mobile manipulators.
The ꀀ integra:on ꀀ of ꀀ mul:ple ꀀ degree ꀀ of ꀀ freedom ꀀ mechanical ꀀ
structures, ꀀfor ꀀexample ꀀa ꀀrobot ꀀarm ꀀor ꀀpair ꀀof ꀀarms, ꀀmounted ꀀ
on ꀀ a ꀀ mobile ꀀ planorm. ꀀ Combines ꀀ planorm ꀀ localisa:on ꀀwith ꀀ
the ꀀcontrol ꀀof ꀀcomplex ꀀmechanical ꀀstructures ꀀto ꀀprovide ꀀnavi괠㴀
ga:on ꀀand ꀀlocalisa:on ꀀfor ꀀend ꀀeffectors ꀀin ꀀunknown ꀀenviron괠㴀
ments.

Integrated sensing in mechanical joints and links.
Combines ꀀmul:괠㴀axis ꀀsensing ꀀand ꀀmaterials ꀀto ꀀintegrate ꀀforce ꀀ
and ꀀ posi:on ꀀ sensing ꀀ directly ꀀ into ꀀ mechanical ꀀ joints ꀀ linking ꀀ

with ꀀtheir ꀀactua:on ꀀproviding ꀀa ꀀdistribu:on ꀀof ꀀcontrol ꀀat ꀀthe ꀀ
joint.

CogniIon ꀀand ꀀHuman ꀀRobot ꀀInteracIon ꀀTechnologies

Cognitive human robot interaction
Combines ꀀcomplex ꀀcontrol ꀀof ꀀmechanical ꀀstructures ꀀwith ꀀ in괠㴀
terpreta:on ꀀof ꀀ the ꀀcollabora:ng ꀀpartner’s ꀀac:ons ꀀand ꀀ their ꀀ
cogni:ve ꀀcontexts ꀀwith ꀀrespect ꀀto ꀀthe ꀀenvironment. ꀀAlso ꀀ in괠㴀
cludes ꀀmutual ꀀ interac:on ꀀwith ꀀ objects ꀀ in ꀀ the ꀀ environment, ꀀ
for ꀀ example ꀀ the ꀀ shared ꀀ liVing ꀀ of ꀀ an ꀀ object, ꀀ providing ꀀ assis괠㴀
tance ꀀwhen ꀀstanding ꀀup, ꀀor ꀀ the ꀀexchange ꀀand ꀀuse ꀀof ꀀan ꀀob괠㴀
ject ꀀor ꀀtool.

PercepIon, ꀀNavigaIon ꀀand ꀀCogniIon ꀀTechnologies

Dynamic mission management
Combines ꀀcogni:on, ꀀplanning ꀀand ꀀnaviga:on ꀀto ꀀensure ꀀcon괠㴀
:nuous ꀀmanagement ꀀof ꀀa ꀀcomplex ꀀmul:괠㴀agent ꀀsystem ꀀin ꀀa ꀀin ꀀ
real ꀀ :me ꀀ dynamic ꀀ scenario. ꀀ Applies ꀀ where ꀀ mul:ple ꀀ robot ꀀ
agents ꀀ must ꀀ interact ꀀ with ꀀ human ꀀ resources ꀀ and ꀀ sta:c ꀀ
systems ꀀto ꀀachieve ꀀa ꀀlong ꀀterm ꀀmission.

Task management with multiple independent robot 
devices
Combines ꀀ task ꀀ planning ꀀ technologies ꀀwith ꀀ communica:ons ꀀ
to ꀀeffect ꀀtasks ꀀinvolving ꀀmul:ple ꀀindependent ꀀrobots ꀀwith ꀀa ꀀ
common ꀀ task ꀀ or ꀀmission. ꀀApplica:ons ꀀ in ꀀ agriculture, ꀀ manu괠㴀
facturing, ꀀinspec:on ꀀand ꀀmaintenance ꀀtasks.
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Reactive planning
Combines ꀀpercep:on ꀀof ꀀa ꀀrobot’s ꀀdynamic ꀀenvironment ꀀand ꀀ
its ꀀ interpreta:on, ꀀwith ꀀplanning, ꀀ localisa:on ꀀand ꀀnaviga:on ꀀ
technologies ꀀto ꀀprovide ꀀresponses ꀀto ꀀtask ꀀand ꀀmission ꀀplans ꀀ
as ꀀthe ꀀlocal ꀀenvironment ꀀchanges ꀀin ꀀunexpected ꀀways. ꀀAppli괠㴀
cable ꀀ to ꀀmul:ple ꀀ applica:on ꀀ areas ꀀ from ꀀ smart ꀀ industrial ꀀ ro괠㴀
bots ꀀto ꀀmarine ꀀand ꀀaerial ꀀsystems ꀀopera:ng ꀀin ꀀunstructured ꀀ
environments.

Optimal perception for obstacle detection
The ꀀdynamic ꀀmo:on ꀀof ꀀsensors ꀀto ꀀmaximise ꀀthe ꀀinforma:on ꀀ
returned ꀀ requires ꀀ an ꀀ integra:on ꀀ of ꀀ interpreta:on ꀀ and ꀀ plan괠㴀
ning ꀀ systems ꀀ that ꀀhave ꀀ task ꀀawareness. ꀀWhere ꀀ sensors ꀀare ꀀ
fixed ꀀ then ꀀ planorm ꀀmo:on ꀀ and ꀀ trajectory ꀀ need ꀀ to ꀀ be ꀀ simi괠㴀
larly ꀀplanned ꀀto ꀀmaximise ꀀthe ꀀdetec:on ꀀof ꀀobstacles. ꀀWhere ꀀ
mul:괠㴀modal ꀀsensing, ꀀe.g. ꀀVisual ꀀand ꀀtac:le ꀀ is ꀀused ꀀplanning ꀀ
is ꀀ needed ꀀ to ꀀ adapt ꀀ mo:on ꀀ to ꀀ op:mise ꀀ informa:on ꀀ gather괠㴀
ing.

NavigaIon ꀀTechnologies

Simultaneous Localisation and Mapping (SLAM)
The ꀀ combina:on ꀀ of ꀀ map괠㴀building ꀀ and ꀀ localisa:on ꀀ carried ꀀ
out ꀀin ꀀthe ꀀsame ꀀ:me ꀀframe. ꀀProviding ꀀlocalisa:on ꀀand ꀀorien괠㴀
ta:on ꀀinforma:on ꀀextracted ꀀfrom ꀀunknown ꀀenvironments ꀀto ꀀ
build ꀀ a ꀀ map ꀀ that ꀀ can ꀀ be ꀀ used ꀀ to ꀀ navigate ꀀ the ꀀ discovered ꀀ
space.

Systems ꀀDevelopment ꀀTechnologies

Model driven engineering of complex systems
Providing ꀀan ꀀ integra:on ꀀbetween ꀀmodels, ꀀ knowledge ꀀ repre괠㴀
senta:on ꀀand ꀀsystems ꀀengineering ꀀ to ꀀ the ꀀ robot ꀀdesigner ꀀal괠㴀
lowing ꀀ a ꀀ framework ꀀ for ꀀ building ꀀ up ꀀ complex ꀀ systems ꀀ from ꀀ
predefined ꀀ components ꀀ and ꀀ sub괠㴀systems. ꀀ A ꀀ rapid ꀀ develop괠㴀
ment ꀀstrategy ꀀable ꀀto ꀀspeed ꀀ:me ꀀto ꀀevalua:on.

Systems ꀀDevelopment, ꀀMechatronics ꀀand ꀀHuman ꀀRobot ꀀ
InteracIon ꀀTechnologies

Safety integrated design process
Combining ꀀ systems ꀀ engineering ꀀ and ꀀ safety ꀀ engineering ꀀ to ꀀ
provide ꀀmechanical ꀀ systems ꀀwith ꀀ guaranteed ꀀ safety ꀀ proper괠㴀
:es ꀀ based ꀀ on ꀀ sensor ꀀ input ꀀ that ꀀ observes ꀀ the ꀀ environment. ꀀ
Through ꀀ integra:ng ꀀ the ꀀ safety ꀀengineering ꀀwith ꀀ the ꀀdesign ꀀ
process ꀀ and ꀀ sensor ꀀ placement ꀀ and ꀀ processing, ꀀ a ꀀwhole ꀀ sys괠㴀
tem ꀀapproach ꀀto ꀀsafety ꀀhas ꀀthe ꀀpoten:al ꀀto ꀀprovide ꀀguaran괠㴀
teed ꀀlevels ꀀof ꀀsystem ꀀsafety.

Technology Combinations 88
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There ꀀwill ꀀbe ꀀnew ꀀtechnologies ꀀgenerated ꀀin ꀀthe ꀀcoming ꀀ
decade, ꀀiden:fying ꀀand ꀀsuppor:ng ꀀthem ꀀis ꀀa ꀀpriority, ꀀ
however ꀀmost ꀀof ꀀthe ꀀbasic ꀀtechnologies ꀀrequired ꀀto ꀀ
make ꀀeffec:ve ꀀand ꀀfunc:onal ꀀrobots ꀀalready ꀀexist. ꀀA ꀀkey ꀀ
part ꀀof ꀀthe ꀀtechnology ꀀstrategy ꀀpresented ꀀin ꀀthis ꀀdocu괠㴀
ment ꀀis ꀀestablishing ꀀthe ꀀsupport ꀀrequired ꀀto ꀀbring ꀀ
technologies ꀀforward ꀀto ꀀmarket. ꀀThis ꀀstrategy ꀀaddresses ꀀ
both ꀀthe ꀀtechnologies ꀀthat ꀀneed ꀀtechnology ꀀtransfer ꀀsup괠㴀
port ꀀas ꀀwell ꀀas ꀀthose ꀀthat ꀀare ꀀnot ꀀyet ꀀwell ꀀdeveloped ꀀ
enough ꀀto ꀀbe ꀀcommercialised.

By ꀀfocusing ꀀon ꀀlevels ꀀof ꀀcapability ꀀcoupled ꀀto ꀀimproving ꀀ
levels ꀀof ꀀdeployability ꀀprogress ꀀcan ꀀbe ꀀop:mised.

CapabiliIes
Pre괠㴀commercial ꀀtechnologies ꀀrequire ꀀinvestment ꀀin ꀀ
research ꀀto ꀀraise ꀀcapability ꀀlevels ꀀto ꀀthe ꀀpoint ꀀwhere ꀀthe ꀀ
technology ꀀtransfer ꀀhas ꀀvalue. ꀀThe ꀀfirst ꀀpart ꀀof ꀀthis ꀀproc괠㴀
ess ꀀis ꀀthe ꀀiden:fica:on ꀀof ꀀthese ꀀpre괠㴀commercial ꀀ
technologies, ꀀthe ꀀsecond ꀀis ꀀthe ꀀiden:fica:on ꀀof ꀀthe ꀀcapa괠㴀
bility ꀀlevels ꀀneeded ꀀin ꀀany ꀀpar:cular ꀀdomain ꀀfor ꀀthat ꀀtech괠㴀
nology ꀀto ꀀhave ꀀtransfer ꀀvalue. ꀀEstablishing ꀀcurrent ꀀand ꀀ
future ꀀcapability ꀀlevels ꀀis ꀀkey ꀀto ꀀthis ꀀiden:fica:on ꀀand ꀀ
support ꀀprocess.

For ꀀthose ꀀtechnologies ꀀthat ꀀhave ꀀfound ꀀapplica:on ꀀthere ꀀ
is ꀀoVen ꀀa ꀀneed ꀀto ꀀwork ꀀwith ꀀand ꀀs:mulate ꀀthe ꀀresearch ꀀ

89Technologies: Section 11

Technology ꀀ
Assessment

Making ꀀeffec$ve ꀀprogress ꀀin ꀀthe ꀀdevelopment ꀀof ꀀ
technologies ꀀ cri$cally ꀀ depends ꀀ on ꀀ knowing ꀀ the ꀀ
state ꀀ of ꀀ the ꀀ art ꀀ and ꀀ knowing ꀀ the ꀀ impact ꀀ of ꀀ
par$cular ꀀ levels ꀀ of ꀀ capability. ꀀ By ꀀ assessing ꀀ
capability ꀀand ꀀbenchmarking ꀀprogress ꀀover ꀀ$me ꀀ
triggers ꀀ can ꀀ be ꀀ set ꀀ in ꀀ place ꀀ to ꀀ enable ꀀ $mely ꀀ
technology ꀀtransfer ꀀand ꀀexploita$on.
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community ꀀto ꀀimprove ꀀefficiencies, ꀀimprove ꀀimplementa:on ꀀ
strategies, ꀀor ꀀadopt ꀀnew ꀀunderlying ꀀtechnical ꀀand ꀀscien:fic ꀀad괠㴀
vances ꀀthat ꀀcan ꀀprovide ꀀhigher ꀀlevels ꀀof ꀀcapability.

In ꀀall ꀀthese ꀀcases ꀀthe ꀀiden:fica:on ꀀof ꀀcapabili:es, ꀀand ꀀany ꀀassoci괠㴀
ated ꀀmetrics, ꀀis ꀀkey ꀀto ꀀboth ꀀmeasuring ꀀprogress ꀀand ꀀestablishing ꀀ
targets ꀀfor ꀀachievement. ꀀFor ꀀindustry ꀀthis ꀀprovides ꀀan ꀀindica:on ꀀ
of ꀀthe ꀀfeasibility ꀀof ꀀproposed ꀀproducts ꀀand ꀀservices, ꀀreducing ꀀ
risk. ꀀFor ꀀthe ꀀacademic ꀀcommunity ꀀit ꀀsets ꀀclear ꀀtargets ꀀwhere ꀀ
technology ꀀtransfer ꀀopportuni:es ꀀexist. ꀀBy ꀀaligning ꀀthe ꀀtwo ꀀ
parts ꀀof ꀀthe ꀀcommunity, ꀀwhere ꀀthis ꀀis ꀀprac:cal, ꀀit ꀀis ꀀexpected ꀀ
that ꀀthis ꀀwill ꀀresult ꀀin ꀀhigher ꀀand ꀀmore ꀀeffec:ve ꀀlevels ꀀof ꀀtechnol괠㴀
ogy ꀀtransfer.

Benchmarks
In ꀀorder ꀀto ꀀbe ꀀable ꀀto ꀀpriori:se ꀀinvestment ꀀin ꀀtechnology ꀀit ꀀis ꀀim괠㴀
portant ꀀto ꀀbe ꀀable ꀀto ꀀfirstly ꀀiden:fy ꀀtechnology ꀀbarriers ꀀto ꀀmar괠㴀
ket ꀀand ꀀsecondly ꀀto ꀀbe ꀀable ꀀto ꀀmeasure ꀀprogress ꀀas ꀀtechnologies ꀀ
develop.

Benchmarks ꀀprovide ꀀa ꀀmechanism ꀀfor ꀀassessing ꀀthe ꀀstate ꀀof ꀀthe ꀀ
art ꀀand ꀀfor ꀀmeasuring ꀀprogress.

They ꀀprovide ꀀan ꀀindirect ꀀmeans ꀀof ꀀassessing ꀀthe ꀀimpact ꀀof ꀀfund괠㴀
ing. ꀀThey ꀀalso ꀀallow ꀀthe ꀀtechnical ꀀcapability ꀀwithin ꀀEurope ꀀto ꀀbe ꀀ
reviewed ꀀand ꀀglobal ꀀcomparisons ꀀmade. ꀀIn ꀀorder ꀀto ꀀmake ꀀthese ꀀ
assessments ꀀit ꀀis ꀀimportant ꀀto ꀀhave ꀀa ꀀprocess ꀀfor ꀀestablishing ꀀ
the ꀀcurrent ꀀstate ꀀof ꀀthe ꀀart ꀀfor ꀀeach ꀀof ꀀthe ꀀtechnologies.

The ꀀMul:괠㴀Annual ꀀRoadmap ꀀdocument ꀀprovides ꀀfurther ꀀdetails ꀀ
of ꀀboth ꀀcapability ꀀassessment ꀀand ꀀtechnology ꀀbenchmarking.

Technology Assessment 90
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Goals

 ꀀand ꀀ

Targe
ts

6

Research ꀀand ꀀInnovation ꀀStrategy
Outlines ꀀthe ꀀgoal ꀀof ꀀdeveloping ꀀa ꀀstrong ꀀ
European ꀀmarket ꀀin ꀀproducts ꀀand ꀀservices ꀀ
through ꀀsuccessful ꀀresearch ꀀand ꀀits ꀀaccel괠㴀
era4on ꀀto ꀀmarket. ꀀExamines ꀀscope ꀀand ꀀpri괠㴀
ority ꀀse`ng ꀀand ꀀscience ꀀbased ꀀresearch.

Impacts
Overview ꀀof ꀀthe ꀀimpact ꀀof ꀀproduct ꀀvisions ꀀ
and ꀀthe ꀀimportance ꀀof ꀀthe ꀀservice ꀀand ꀀinfra괠㴀
structure ꀀneeded ꀀto ꀀsupport ꀀthe ꀀlong ꀀterm ꀀ
deployment ꀀof ꀀeach.

Key ꀀPerformance ꀀIndicators
Overview ꀀof ꀀthe ꀀKey ꀀPerformance ꀀIndica괠㴀
tors ꀀused ꀀto ꀀmeasure ꀀmarket ꀀimpact ꀀand ꀀ
progress ꀀtowards ꀀobjec4ves.

Key ꀀTargets
A ꀀstatement ꀀof ꀀgoals ꀀand ꀀtargets ꀀdesigned ꀀ
to ꀀcreate ꀀa ꀀsuccessful ꀀEuropean ꀀrobo4cs ꀀ
marketplace.

Market ꀀGoals
Market ꀀgoals ꀀfor ꀀEurope ꀀbased ꀀon ꀀcurrent ꀀ
performance ꀀlevels ꀀto ꀀhelp ꀀillustrate ꀀthe ꀀ
growing ꀀimpact ꀀof ꀀrobo4cs ꀀon ꀀEuropean ꀀ
strategic ꀀgoals ꀀand ꀀcompe44veness.
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Developments ꀀin ꀀtechnology ꀀcapability ꀀdrive ꀀinnova:on. ꀀ
The ꀀincrease ꀀin ꀀability ꀀof ꀀa ꀀpar:cular ꀀtechnology ꀀto ꀀ
achieve ꀀa ꀀhigher ꀀperformance ꀀlevel, ꀀa ꀀnew ꀀmethod, ꀀa ꀀ
new ꀀmanufacturing ꀀprocess; ꀀall ꀀof ꀀthese ꀀdirectly ꀀlead ꀀto ꀀ
new ꀀproducts, ꀀnew ꀀopportuni:es ꀀand ꀀnew ꀀmarkets. ꀀIn괠㴀
vestment ꀀin ꀀresearch, ꀀin ꀀworld ꀀclass ꀀresearch ꀀestablish괠㴀
ments, ꀀin ꀀhighly ꀀtrained ꀀgraduates, ꀀis ꀀthe ꀀonly ꀀway ꀀfor ꀀ
Europe ꀀto ꀀmaintain ꀀand ꀀincrease ꀀits ꀀshare ꀀof ꀀ ꀀthe ꀀrobo:cs ꀀ
technology ꀀmarket.

Even ꀀwith ꀀthis ꀀbacking ꀀinnova:on ꀀrequires ꀀrisk ꀀtaking ꀀ
and ꀀinspira:on, ꀀbut ꀀin ꀀpar:cular ꀀit ꀀrequires ꀀthe ꀀability ꀀto ꀀ
recognise ꀀthe ꀀpoten:al ꀀof ꀀa ꀀgood ꀀidea ꀀand ꀀsufficient ꀀin괠㴀
vestment ꀀto ꀀallow ꀀit ꀀto ꀀbe ꀀnurtured ꀀand ꀀexploited. ꀀIt ꀀis ꀀes괠㴀
sen:al ꀀthat ꀀEurope ꀀcreates ꀀan ꀀenvironment ꀀwhere ꀀthis ꀀbe괠㴀
comes ꀀthe ꀀnorm: ꀀWhere ꀀacademics ꀀunderstand ꀀthe ꀀpo괠㴀
ten:al ꀀneeds ꀀof ꀀindustry ꀀand ꀀunderstand ꀀhow ꀀto ꀀdeliver ꀀ
their ꀀideas, ꀀwhere ꀀindustry ꀀunderstands ꀀthe ꀀlimita:ons ꀀof ꀀ
academic ꀀresearch ꀀand ꀀcan ꀀsupport ꀀthe ꀀprocess ꀀof ꀀtech괠㴀
nology ꀀtransfer, ꀀbeing ꀀprepared ꀀto ꀀtake ꀀthe ꀀrisk.

Much ꀀcan ꀀbe ꀀdone ꀀto ꀀsupport ꀀthe ꀀgrowth ꀀof ꀀthis ꀀinnova괠㴀
:on ꀀculture, ꀀto ꀀsupport ꀀopen ꀀdesign ꀀand ꀀcollabora:on, ꀀto ꀀ
channel ꀀthe ꀀflow ꀀof ꀀideas ꀀinto ꀀthe ꀀcrea:on ꀀof ꀀIP ꀀthat ꀀ
makes ꀀmarkets. ꀀIn ꀀorder ꀀfor ꀀEurope ꀀto ꀀcreate ꀀa ꀀglobal ꀀ
lead ꀀit ꀀmust ꀀalso ꀀpromote ꀀthis ꀀflow ꀀof ꀀinnova:on ꀀso ꀀthat ꀀ
it ꀀis ꀀ:mely ꀀand ꀀeffec:ve, ꀀ:me ꀀto ꀀmarket, ꀀearly ꀀacquisi:on ꀀ

92Goals and Targets: Section 1

Research ꀀand ꀀ
Innova&on ꀀStrategy

The ꀀcrea$on ꀀof ꀀnew ꀀmarkets ꀀand ꀀthe ꀀcrea$on ꀀof ꀀ
wealth ꀀ and ꀀ jobs ꀀ depend ꀀ on ꀀ the ꀀ genera$on ꀀ and ꀀ
management ꀀ of ꀀ relevant ꀀ Intellectual ꀀ Property. ꀀ
The ꀀgenera$on ꀀof ꀀ Intellectual ꀀProperty ꀀdepends ꀀ
on ꀀthe ꀀright ꀀintellectual ꀀand ꀀfinancial ꀀinvestment ꀀ
in ꀀinnova$on.
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of ꀀkey ꀀIP ꀀand ꀀearly ꀀphase ꀀinvestment ꀀbridging ꀀthe ꀀso ꀀcalled ꀀ“val괠㴀
ley ꀀof ꀀdeath” ꀀare ꀀcrucial ꀀto ꀀEurope’s ꀀsuccess.

Building ꀀsystems ꀀthat ꀀsupport ꀀexcellent ꀀresearch; ꀀAc:vely ꀀjoin괠㴀
ing ꀀpartners ꀀto ꀀcreate ꀀprojects ꀀthat ꀀhave ꀀviable ꀀcommercial ꀀre괠㴀
sults; ꀀbuilding ꀀsystems ꀀthat ꀀsupport ꀀthe ꀀflow ꀀof ꀀtalent ꀀfrom ꀀaca괠㴀
demia ꀀto ꀀindustry, ꀀand ꀀwhich ꀀallow ꀀindustry ꀀto ꀀexperience ꀀacade괠㴀
mia. ꀀBuilding ꀀa ꀀshared ꀀunderstanding ꀀis ꀀcri:cal ꀀto ꀀsuccess.

Scope
The ꀀscope ꀀof ꀀResearch ꀀDevelopment ꀀand ꀀInnova:on ꀀstrategy ꀀis ꀀ
therefore ꀀframed ꀀby ꀀthe ꀀrange ꀀof ꀀtechnologies ꀀthat ꀀunderpin ꀀthe ꀀ
development ꀀof ꀀrobo:c ꀀsystems ꀀand ꀀthe ꀀmarkets ꀀimpacted ꀀby ꀀ
robo:cs ꀀtechnology.

The ꀀstrategy ꀀmust ꀀaddress ꀀthe ꀀneed ꀀto ꀀmaximise ꀀthe ꀀimpact ꀀof ꀀ
robo:cs ꀀtechnology ꀀon ꀀthe ꀀkey ꀀEuropean ꀀeconomies, ꀀcreate ꀀand ꀀ
grow ꀀa ꀀstrong ꀀEuropean ꀀR&D&I ꀀinfrastructure ꀀincluding ꀀsupport ꀀ
for ꀀthe ꀀlong ꀀ:mescale ꀀresearch ꀀand ꀀdevelopment.

The ꀀstrategy ꀀmust ꀀalso ꀀaddress ꀀthe ꀀmarket ꀀboth ꀀfrom ꀀa ꀀcommer괠㴀
cial ꀀperspec:ve ꀀand ꀀfrom ꀀa ꀀend ꀀuser ꀀperspec:ve, ꀀencompassing ꀀ
supply ꀀand ꀀvalue ꀀchains ꀀas ꀀwell ꀀas ꀀlegal ꀀethical ꀀand ꀀsocietal ꀀis괠㴀
sues.

The ꀀscope ꀀof ꀀrobo:cs ꀀstrategy ꀀin ꀀeurope ꀀis ꀀdetailed ꀀin ꀀthe ꀀMul:괠㴀
Annual ꀀRoadmap ꀀwhich ꀀalso ꀀiden:fies ꀀareas ꀀof ꀀkey ꀀresearch, ꀀde괠㴀
velopment ꀀand ꀀinnova:on ꀀpriority.

PrioriIes
This ꀀdynamic ꀀtechnical ꀀenvironment ꀀmilitates ꀀagainst ꀀa ꀀsta:c ꀀsys괠㴀
tem ꀀof ꀀtechnical ꀀpriori:es ꀀand ꀀin ꀀfavour ꀀof ꀀthe ꀀconstruc:on ꀀof ꀀ

mechanisms ꀀable ꀀto ꀀiden:fy ꀀenduring ꀀtrends ꀀand ꀀtechnical ꀀstep ꀀ
changes ꀀwith ꀀsignificant ꀀimpact.

The ꀀkey ꀀhigh ꀀlevel ꀀresearch ꀀpriori:es ꀀare ꀀtherefore ꀀdriven ꀀby ꀀthe ꀀ
following ꀀneeds:

• To ꀀdevelop ꀀtechnologies ꀀand ꀀcapabili:es ꀀthat ꀀwill ꀀunderpin ꀀa ꀀ
world괠㴀leading ꀀcompe::ve ꀀposi:on ꀀof ꀀthe ꀀindustry.

• To ꀀprovide ꀀsystems ꀀable ꀀto ꀀcontribute ꀀto ꀀthe ꀀmajor ꀀeco괠㴀
nomic ꀀand ꀀsocietal ꀀchallenges.

• To ꀀestablish, ꀀwithin ꀀEurope, ꀀworld ꀀleading ꀀcapability ꀀon ꀀall ꀀ
key ꀀrobo:c ꀀtechnology ꀀareas.

• To ꀀbuild ꀀstrong ꀀlinks ꀀbetween ꀀacademia ꀀand ꀀindustry ꀀand ꀀto ꀀ
exploit ꀀthose ꀀlinks ꀀto ꀀtheir ꀀfull ꀀpoten:al.

• To ꀀenable ꀀthe ꀀdesign ꀀand ꀀdeployment ꀀof ꀀrobot ꀀbased ꀀprod괠㴀
ucts ꀀthrough ꀀimproved ꀀdesign ꀀand ꀀdevelopment ꀀsystems.

In ꀀassessing ꀀthese ꀀpriori:es ꀀit ꀀis ꀀalso ꀀessen:al ꀀto ꀀestablish ꀀ
mechanisms ꀀfor ꀀthe ꀀreview ꀀof ꀀresearch ꀀand ꀀmarket ꀀtrends ꀀin ꀀor괠㴀
der ꀀto ꀀregularly ꀀre괠㴀evaluate ꀀpriori:es.

Science ꀀbased ꀀresearch
Robo:cs ꀀhas ꀀa ꀀkey, ꀀand ꀀunique, ꀀcontribu:on ꀀto ꀀexcellence ꀀin ꀀsci괠㴀
ence. ꀀCogni:ve ꀀand ꀀbiologically괠㴀inspired ꀀrobots ꀀpresent ꀀone ꀀof ꀀ
the ꀀgreatest ꀀchallenges ꀀfor ꀀintegra:on ꀀscience ꀀand ꀀthe ꀀunder괠㴀
standing ꀀof ꀀsystems ꀀof ꀀsystems. ꀀNot ꀀonly ꀀdo ꀀcogni:ve ꀀrobots ꀀre괠㴀
quire ꀀleading괠㴀edge ꀀsolu:ons ꀀin ꀀmany ꀀtradi:onal ꀀdisciplines ꀀ(be ꀀ
they ꀀengineering, ꀀcomputer ꀀscience, ꀀcontrol, ꀀpower ꀀsystems, ꀀ
electronics, ꀀmathema:cs, ꀀcommunica:ons, ꀀmaterials, ꀀcogni:ve ꀀ
psychology, ꀀneuropsychology, ꀀbiological ꀀsystem, ꀀsociology, ꀀlaw, ꀀ
ethics, ꀀetc.) ꀀbut ꀀthe ꀀinnova:ve ꀀdrive ꀀcomes ꀀfrom ꀀdevelopments ꀀ
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at ꀀthe ꀀboundaries, ꀀmaking ꀀthis ꀀa ꀀtruly ꀀmul:괠㴀disciplinary ꀀap괠㴀
proach. ꀀAdd ꀀto ꀀthis ꀀthe ꀀcomplexity ꀀof ꀀrobo:c ꀀsystems ꀀand ꀀthe ꀀ
fact ꀀthat ꀀthey ꀀhave ꀀto ꀀact ꀀrobustly ꀀin ꀀthe ꀀreal ꀀworld ꀀas ꀀpart ꀀof ꀀ
larger ꀀsystems ꀀand ꀀit ꀀis ꀀclear ꀀthat ꀀthe ꀀchallenge ꀀis ꀀboth ꀀat ꀀthe ꀀ
level ꀀof ꀀmul:괠㴀disciplinary ꀀscience ꀀand ꀀthe ꀀdevelopment ꀀof ꀀan ꀀin괠㴀
tegra:on ꀀscience ꀀthat ꀀdevelops ꀀa ꀀframework ꀀof ꀀunderstanding ꀀ
to ꀀaccount ꀀfor ꀀthe ꀀsynergis:c ꀀinterac:ons ꀀbetween ꀀcomplex ꀀ
systems, ꀀeach ꀀwith ꀀtheir ꀀfounda:ons ꀀin ꀀdifferent ꀀtheore:cal ꀀtra괠㴀
di:ons.

Robo:cs ꀀnot ꀀonly ꀀstrongly ꀀdepends ꀀon ꀀscien:fic ꀀinput ꀀfrom ꀀ
many ꀀother ꀀfields, ꀀas ꀀillustrated ꀀabove, ꀀbut ꀀalso ꀀinfluences ꀀand ꀀ
challenges ꀀmany ꀀother ꀀareas ꀀof ꀀscience ꀀincluding ꀀbiology, ꀀneuro괠㴀
science, ꀀmedicine, ꀀand ꀀcogni:ve ꀀscience. ꀀIn ꀀthese ꀀareas ꀀrobo:cs ꀀ
provides ꀀan ꀀopportunity ꀀto ꀀcreate ꀀnew ꀀexperiments, ꀀbuild ꀀinter괠㴀
ac:ve ꀀmodels ꀀand ꀀtest ꀀtheories ꀀin ꀀways ꀀthat ꀀwere ꀀpreviously ꀀdiffi괠㴀
cult ꀀor ꀀimpossible.
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There ꀀare ꀀkey ꀀareas ꀀof ꀀac:vity ꀀwithin ꀀEurope ꀀthat ꀀwill ꀀpro괠㴀
vide ꀀindica:ons ꀀof ꀀthe ꀀlevel ꀀof ꀀimpact:

• Increased ꀀtake괠㴀up ꀀof ꀀproduct ꀀcapable ꀀrobo:cs ꀀ
technologies ꀀin ꀀboth ꀀexis:ng ꀀand ꀀnew ꀀmarkets.

• A ꀀrising ꀀof ꀀawareness ꀀacross ꀀthe ꀀcommunity ꀀabout ꀀ
what ꀀrobo:cs ꀀcan ꀀachieve.

• Increased ꀀEuropean괠㴀focused ꀀstandardisa:on ꀀac:vi괠㴀
:es.

• Increasing ꀀinterest ꀀfrom ꀀthe ꀀEuropean ꀀand ꀀworld괠㴀
wide ꀀinvestment ꀀcommuni:es.

• Observable ꀀrobust ꀀand ꀀefficient ꀀsupply ꀀchain ꀀdevel괠㴀
opment.

• Increasing ꀀevidence ꀀof ꀀefficient ꀀacademic ꀀand ꀀindus괠㴀
trial ꀀcollabora:on.

• Wider ꀀcommunity ꀀbased ꀀimpacts ꀀcan ꀀbe ꀀobserved ꀀ
through ꀀthe ꀀfollowing:

• An ꀀposi:ve ꀀeconomic ꀀimpact ꀀon ꀀthe ꀀcompe::ve괠㴀
ness ꀀand ꀀgrowth ꀀof ꀀindustries ꀀdeploying ꀀrobo:cs ꀀ
technology.

• An ꀀposi:ve ꀀeconomic ꀀimpact ꀀon ꀀthe ꀀcompe::ve괠㴀
ness ꀀand ꀀgrowth ꀀof ꀀthe ꀀEuropean ꀀrobo:cs ꀀindustry, ꀀ
and ꀀa ꀀconsequen:al ꀀknock괠㴀on ꀀeffect ꀀin ꀀthe ꀀglobal ꀀro괠㴀
bo:cs ꀀmarket.

• Increased ꀀEuropean ꀀjob ꀀcrea:on ꀀand ꀀjob ꀀprotec:on.

• An ꀀobservable ꀀcontribu:on ꀀto ꀀsolu:ons ꀀfor ꀀEurope’s ꀀ
societal ꀀchallenges.

95Goals and Targets: Section 2

Impacts

Robot ꀀtechnology ꀀhas ꀀthe ꀀpoten$al ꀀto ꀀimpact ꀀon ꀀ
a ꀀ wide ꀀ range ꀀ of ꀀ different ꀀ market ꀀ domains ꀀ and ꀀ
industries. ꀀ It ꀀ is ꀀ likely ꀀ that ꀀ the ꀀ full ꀀ extent ꀀof ꀀ this ꀀ
impact ꀀ will ꀀ materialise ꀀ over ꀀ several ꀀ decades. ꀀ
There ꀀis ꀀwide ꀀacknowledgement ꀀthat ꀀthis ꀀimpact ꀀ
is ꀀ already ꀀ growing ꀀ and ꀀ that ꀀ it ꀀ is ꀀ essen$al ꀀ for ꀀ
Europe ꀀ to ꀀ stay ꀀ ahead ꀀ of ꀀ the ꀀ wave. ꀀ Measuring ꀀ
and ꀀmonitoring ꀀ this ꀀ growing ꀀ impact ꀀ is ꀀ a ꀀ cri$cal ꀀ
part ꀀ of ꀀ the ꀀ process ꀀ that ꀀ will ꀀ shape ꀀ future ꀀ
strategy.
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Assessing ꀀthe ꀀdomain ꀀimpact ꀀof ꀀrobo:cs ꀀtechnology ꀀwill ꀀvary ꀀ
with ꀀapplica:on ꀀdomain. ꀀIn ꀀsome ꀀdomains ꀀrobots ꀀwill ꀀbe ꀀthe ꀀ
only ꀀviable ꀀsolu:on ꀀto ꀀpar:cular ꀀproblems, ꀀin ꀀthese ꀀdomains ꀀthe ꀀ
impact ꀀof ꀀrobo:cs ꀀwill ꀀbe ꀀeasier ꀀto ꀀassess ꀀbecause ꀀrobo:cs ꀀis ꀀ
more ꀀlikely ꀀto ꀀhave ꀀa ꀀvisible ꀀtransforma:ve ꀀeffect. ꀀIn ꀀmany ꀀother ꀀ
domains ꀀthe ꀀimpact ꀀof ꀀrobo:cs ꀀwill ꀀonly ꀀbe ꀀfelt ꀀwhen ꀀtheir ꀀappli괠㴀
ca:on ꀀreduces ꀀcosts ꀀor ꀀincreases ꀀservice ꀀlevels ꀀfor ꀀequivalent ꀀ
cost, ꀀthis ꀀscenario ꀀis ꀀtypical ꀀof ꀀthe ꀀmass ꀀmarket ꀀsectors. ꀀIn ꀀother ꀀ
domains ꀀrobots ꀀmay ꀀsimply ꀀbe ꀀa ꀀdevice ꀀof ꀀchoice ꀀproviding ꀀaddi괠㴀
:onal ꀀbenefits ꀀat ꀀaddi:onal ꀀcost. ꀀAny ꀀoverall ꀀanalysis ꀀof ꀀimpacts ꀀ
will ꀀneed ꀀto ꀀtake ꀀthese ꀀdifferent ꀀmodali:es ꀀof ꀀimpact ꀀinto ꀀac괠㴀
count.

From ꀀthe ꀀwider ꀀperspec:ve ꀀrobots ꀀhave ꀀthe ꀀpoten:al ꀀto ꀀtrans괠㴀
form ꀀmanufacturing ꀀand ꀀservice ꀀdelivery ꀀand ꀀthus ꀀimpact ꀀon ꀀ
European ꀀci:zens. ꀀIt ꀀis ꀀimportant ꀀto ꀀexamine ꀀand ꀀassess ꀀthis ꀀim괠㴀
pact ꀀto ꀀensure ꀀthat ꀀsocietal ꀀand ꀀethical ꀀgoals ꀀare ꀀbeing ꀀmet. ꀀIn ꀀ
manufacturing ꀀthe ꀀpoten:al ꀀfor ꀀcompe::vely ꀀproducing ꀀgoods ꀀ
in ꀀEurope ꀀagainst ꀀmarkets ꀀwith ꀀa ꀀlower ꀀcost ꀀbase ꀀcan ꀀbe ꀀas괠㴀
sessed ꀀthrough ꀀindustrial ꀀoutput. ꀀThe ꀀincreased ꀀease ꀀof ꀀuse ꀀand ꀀ
flexibility ꀀavailable ꀀfrom ꀀsmart ꀀindustrial ꀀrobots ꀀwill ꀀimpact ꀀon ꀀ
small ꀀand ꀀmedium ꀀvolume ꀀmanufacturers ꀀallowing ꀀthem ꀀto ꀀcom괠㴀
pete ꀀin ꀀnew ꀀmarkets ꀀand ꀀgrow. ꀀIt ꀀwill ꀀbe ꀀimportant ꀀto ꀀmonitor ꀀ
this ꀀtrend ꀀand ꀀmake ꀀglobal ꀀcomparisons. ꀀContrary ꀀto ꀀpopular ꀀbe괠㴀
lief ꀀthere ꀀis ꀀevery ꀀindica:on ꀀthat ꀀin ꀀthe ꀀeconomy ꀀas ꀀa ꀀwhole ꀀthe ꀀ
widespread ꀀuse ꀀof ꀀrobots ꀀin ꀀproduc:on ꀀwill ꀀincrease ꀀoverall ꀀem괠㴀
ployment ꀀand ꀀgrow ꀀthe ꀀeconomy. ꀀThis ꀀhighly ꀀdesirable ꀀimpact ꀀ
will ꀀtake ꀀ:me ꀀto ꀀestablish ꀀbut ꀀit ꀀis ꀀan ꀀimportant ꀀbenefit.

The ꀀend ꀀuser ꀀimpact ꀀof ꀀthe ꀀSRA ꀀwill ꀀtake ꀀ:me ꀀto ꀀhave ꀀan ꀀeffect, ꀀ
research ꀀs:mulus ꀀwill ꀀtake ꀀ:me ꀀto ꀀresult ꀀin ꀀimproved ꀀproducts ꀀ

and ꀀservices ꀀto ꀀusers ꀀand ꀀconsumers. ꀀHowever ꀀthe ꀀimplementa괠㴀
:on ꀀof ꀀa ꀀEuropean ꀀagenda ꀀwill ꀀensure ꀀthat ꀀEurope ꀀmaintains ꀀits ꀀ
compe::veness ꀀand ꀀgains ꀀsignificant ꀀIP ꀀand ꀀdevelops ꀀa ꀀwell ꀀ
trained ꀀworkforce ꀀable ꀀto ꀀadapt ꀀand ꀀunderstand ꀀthis ꀀnew ꀀrobo:c ꀀ
era. ꀀEstablishing ꀀmetrics ꀀto ꀀevaluate ꀀthese ꀀtrends ꀀwill ꀀbe ꀀpart ꀀof ꀀ
the ꀀongoing ꀀprocess ꀀof ꀀmonitoring ꀀand ꀀupda:ng ꀀthat ꀀwill ꀀfollow ꀀ
the ꀀpublishing ꀀof ꀀthe ꀀSRA.

A ꀀwell ꀀthought ꀀout ꀀinnova:on ꀀpolicy ꀀand ꀀits ꀀcareful ꀀimplementa괠㴀
:on ꀀwill ꀀensure ꀀthat ꀀSMEs ꀀhave ꀀthe ꀀability ꀀgrow ꀀto ꀀmidscale ꀀcom괠㴀
panies, ꀀand ꀀthat ꀀideas ꀀare ꀀeffec:vely ꀀtransferred ꀀfrom ꀀacademic ꀀ
laboratory ꀀto ꀀindustrial ꀀmanufacturing. ꀀThe ꀀgearing ꀀeffect ꀀof ꀀin괠㴀
vestment ꀀin ꀀinnova:on ꀀis ꀀclearly ꀀunderstood, ꀀthe ꀀimpact ꀀof ꀀa ꀀ
well ꀀstructured ꀀpolicy ꀀshould ꀀbe ꀀseen ꀀin ꀀthe ꀀgenera:on ꀀof ꀀnew ꀀ
startups ꀀand ꀀthe ꀀs:mula:on ꀀof ꀀtechnology ꀀtransfer.

Impacts 96
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There ꀀare ꀀa ꀀnumber ꀀof ꀀkey ꀀperformance ꀀindicators ꀀthat ꀀ
can ꀀbe ꀀused ꀀto ꀀmeasure ꀀprogress ꀀand ꀀimpact. ꀀThese ꀀcan ꀀ
be ꀀcharacterised ꀀas ꀀfollows:

• Number ꀀof ꀀresearchers ꀀand ꀀtechnology ꀀdevelopers ꀀ
engaged ꀀin ꀀindustry, ꀀacademia, ꀀand ꀀresearch ꀀorgani괠㴀
sa:ons ꀀon ꀀrobo:cs ꀀor ꀀrobo:cs ꀀrelated ꀀR&D&I ꀀac:v괠㴀
ity.

• Realis:c ꀀawareness ꀀamongst ꀀpolicy ꀀmakers, ꀀpublic ꀀ
and ꀀindustry ꀀof ꀀrobo:cs ꀀpoten:al, ꀀand ꀀPR괠㴀related ꀀef괠㴀
fects ꀀon ꀀusers ꀀand ꀀusers’ ꀀaStudes ꀀtowards ꀀrobots.

• Overall ꀀpublic ꀀawareness ꀀof ꀀrobots ꀀand ꀀrobo:cs ꀀis괠㴀
sues.

• Visibility, ꀀcredibility ꀀand ꀀacceptance ꀀof ꀀrobo:cs ꀀand ꀀ
outputs ꀀfrom ꀀR&D&I ꀀac:vity ꀀby ꀀtarget ꀀgroups.

• Level ꀀof ꀀpenetra:on ꀀof ꀀrobo:cs ꀀinto ꀀkey ꀀindustries ꀀ
and ꀀservices ꀀbenchmarked ꀀinterna:onally.

• Size ꀀand ꀀgrowth ꀀof ꀀthe ꀀEuropean ꀀrobo:cs ꀀindustry ꀀas ꀀ
market ꀀshares ꀀper ꀀdomain.

• Level ꀀof ꀀpar:cipa:on ꀀin ꀀR&D&I ꀀprogrammes ꀀby ꀀboth ꀀ
commercial ꀀorganisa:ons ꀀ(including ꀀSME) ꀀand ꀀacade괠㴀
mia.

• Number ꀀof ꀀsuccessful ꀀproducts ꀀand ꀀservices ꀀ
launched ꀀusing ꀀtechnology ꀀdeveloped ꀀas ꀀa ꀀresult ꀀof ꀀ
this ꀀR&D&I ꀀac:vity.

• Number ꀀof ꀀcompanies ꀀfeeding ꀀthe ꀀsupply ꀀchain.

97Goals and Targets: Section 3

Key ꀀPerformance ꀀ
Indicators

Measuring the impact of R&D&I initiatives and 
the performance of the industry is an important 
part of this strategy. Identifying measurable 
indicators and tracking them over time will give 
clear indications of progress towards strategic 
goals.
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• Number ꀀof ꀀrobo:cs ꀀand ꀀrelated ꀀstart괠㴀ups ꀀcreated ꀀin ꀀEurope.

• Amount ꀀof ꀀprivate ꀀcapital ꀀand ꀀloans ꀀinvested.

• Success ꀀrate ꀀof ꀀfunded ꀀprojects ꀀin ꀀterms ꀀof ꀀmarket ꀀimpact.

• Growth ꀀrate ꀀof ꀀorganisa:ons ꀀpar:cipa:ng ꀀin ꀀSPARC.

• Number ꀀof ꀀrelevant ꀀEuropean ꀀpatents ꀀgenerated, ꀀbench괠㴀
marked ꀀinterna:onally.

• Number ꀀof ꀀdeployed ꀀsystems ꀀin ꀀeach ꀀsector ꀀ(as ꀀfar ꀀas ꀀEuro괠㴀
pean ꀀdata ꀀcan ꀀbe ꀀobtained).

• Robo:cs ꀀand ꀀrelated ꀀSME ꀀgrowth ꀀrates.

• Numbers ꀀof ꀀapplica:ons ꀀto ꀀthe ꀀnear ꀀmarket ꀀinstruments ꀀand ꀀ
their ꀀapplica:on ꀀspread.

As ꀀrobo:cs ꀀdeployment ꀀspreads ꀀthe ꀀindirect ꀀimpacts ꀀon ꀀeffi괠㴀
ciency ꀀand ꀀservice ꀀdelivery ꀀwill ꀀneed ꀀto ꀀbe ꀀassessed. ꀀ ꀀThese ꀀare ꀀ
the ꀀimpacts ꀀthat ꀀwill ꀀhave ꀀthe ꀀbroadest ꀀeffect ꀀin ꀀestablishing ꀀcon괠㴀
fidence ꀀin ꀀthe ꀀrobo:cs ꀀindustry. ꀀThere ꀀwill ꀀbe ꀀan ꀀimpact ꀀon ꀀproc괠㴀
esses ꀀas ꀀwork ꀀprac:ces ꀀchange ꀀto ꀀaccommodate ꀀrobots, ꀀthere ꀀ
will ꀀbe ꀀan ꀀimpact ꀀon ꀀinfrastructure ꀀas ꀀsystems ꀀand ꀀmodes ꀀof ꀀop괠㴀
era:on ꀀshiV ꀀto ꀀbalance ꀀthe ꀀefficiencies ꀀgained ꀀthrough ꀀimple괠㴀
men:ng ꀀrobot ꀀtechnology. ꀀPeople ꀀwill ꀀalter ꀀtheir ꀀpacerns ꀀof ꀀ
work ꀀand ꀀleisure ꀀto ꀀmatch ꀀthe ꀀbenefits ꀀof ꀀrobo:cs. ꀀThese ꀀindi괠㴀
rect ꀀimpacts ꀀare ꀀlikely ꀀto ꀀbe ꀀfelt ꀀbefore ꀀthey ꀀcan ꀀbe ꀀmeasured.

Although ꀀthese ꀀlonger ꀀterm ꀀwider ꀀimpacts ꀀwill ꀀbe ꀀharder ꀀto ꀀmeas괠㴀
ure, ꀀby ꀀ2020 ꀀthe ꀀtrends ꀀshould ꀀbe ꀀvisible. ꀀIn ꀀhealthcare ꀀprovi괠㴀
sion, ꀀlogis:cs, ꀀagriculture ꀀand ꀀsmall ꀀscale ꀀmanufacturing ꀀthe ꀀeffi괠㴀
ciency ꀀand ꀀservice ꀀgains ꀀshould ꀀbe ꀀno:ceable. ꀀIn ꀀlogis:cs ꀀand ꀀ
civil ꀀapplica:ons ꀀthe ꀀincreasing ꀀpresence ꀀof ꀀrobo:cs ꀀtechnology ꀀ
will ꀀbe ꀀtaken ꀀfor ꀀgranted, ꀀubiquitous ꀀand ꀀeffec:ve ꀀin ꀀa ꀀwide ꀀ
range ꀀof ꀀdifferent ꀀdetailed ꀀtasks. ꀀThe ꀀmain ꀀindica:on ꀀof ꀀimpact ꀀ

will ꀀbe ꀀin ꀀEurope ꀀmaintaining ꀀand ꀀgrowing ꀀa ꀀstrong ꀀfoothold ꀀin ꀀ
the ꀀglobal ꀀrobo:cs ꀀmarket ꀀand ꀀthe ꀀdevelopment ꀀof ꀀa ꀀstrong ꀀro괠㴀
bo:cs ꀀsector ꀀwithin ꀀEurope.

Key Performance Indicators 98
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• Iden:fy ꀀkey ꀀtechnologies ꀀin ꀀeach ꀀdomain ꀀthat ꀀhave ꀀbeen ꀀde괠㴀
veloped ꀀto ꀀenable ꀀnew ꀀmarkets.

• That ꀀthere ꀀis ꀀa ꀀwell ꀀplanned ꀀinnova:on ꀀstrategy ꀀand ꀀthat ꀀit ꀀ
is ꀀsupported.

• That ꀀthere ꀀare ꀀclear ꀀaccess ꀀpoints ꀀto ꀀinforma:on ꀀabout ꀀthe ꀀ
robo:cs ꀀcommunity ꀀin ꀀEurope.

• The ꀀadop:on ꀀof ꀀrobo:cs ꀀtechnology ꀀhas ꀀbeen ꀀstrongly ꀀpro괠㴀
moted.

• That ꀀpolicy ꀀmakers ꀀunderstand ꀀthe ꀀimportance ꀀof ꀀRobo:cs ꀀ
and ꀀits ꀀpoten:al ꀀimpact.

• That ꀀthe ꀀEuropean ꀀrobo:cs ꀀmarket ꀀhas ꀀa ꀀsignificant ꀀa ꀀglobal ꀀ
reach.

• That ꀀthe ꀀchallenges ꀀraised ꀀby ꀀLegal ꀀEthical ꀀand ꀀSocietal ꀀis괠㴀
sues ꀀare ꀀbeing ꀀaddressed.

• That ꀀeduca:on ꀀand ꀀtraining ꀀin ꀀthe ꀀskills ꀀneeded ꀀfor ꀀRobo:cs ꀀ
are ꀀbeing ꀀfully ꀀdeveloped.

• That ꀀcollabora:on ꀀand ꀀdialogue ꀀbetween ꀀall ꀀelements ꀀof ꀀthe ꀀ
wider ꀀrobo:cs ꀀcommunity ꀀis ꀀeffec:ve.

• That ꀀtechnology ꀀtransfer ꀀis ꀀac:vely ꀀsupported ꀀand ꀀenabled.

• That ꀀan ꀀenvironment ꀀin ꀀwhich ꀀSMEs ꀀcan ꀀflourish ꀀhas ꀀbeen ꀀ
created.

• That ꀀstandardisa:on ꀀand ꀀthe ꀀdevelopment ꀀof ꀀa ꀀrobust ꀀsup괠㴀
ply ꀀchain ꀀis ꀀbeing ꀀpromoted.

• That ꀀEurope’s ꀀUniversi:es ꀀand ꀀIns:tu:ons ꀀgenerate ꀀand ꀀ
propagate ꀀworld ꀀclass ꀀrobo:cs ꀀresearch.

• The ꀀestablishment ꀀof ꀀcross ꀀsector ꀀengagement ꀀto ꀀ
strengthen ꀀand ꀀpromote ꀀthe ꀀuptake ꀀof ꀀrobo:cs ꀀtechnology.

The ꀀvision ꀀthis ꀀSRA ꀀpresents ꀀwill ꀀonly ꀀbecome ꀀa ꀀreality ꀀif ꀀthere ꀀis ꀀ
financial ꀀand ꀀintellectual ꀀinvestment ꀀand ꀀif ꀀgovernments ꀀcreate ꀀ
suppor:ve ꀀframeworks ꀀboth ꀀfor ꀀinnova:on ꀀand ꀀthe ꀀdeployment ꀀ
of ꀀrobo:cs ꀀtechnology. ꀀThe ꀀyear ꀀ2020 ꀀwill ꀀmark ꀀa ꀀpoint ꀀwhere ꀀ
the ꀀmajor ꀀplayers ꀀare ꀀdefined ꀀand ꀀthe ꀀmarket ꀀwill ꀀbe ꀀgeared ꀀfor ꀀ
growth.

These ꀀmarkets ꀀwill ꀀbe ꀀshaped ꀀby ꀀagile ꀀorganisa:ons, ꀀoVen ꀀ
SMEs, ꀀowning ꀀkey ꀀparts ꀀof ꀀthe ꀀtechnology ꀀjigsaw. ꀀEarly ꀀcollabora괠㴀
:on ꀀand ꀀastute ꀀintellectual ꀀproperty ꀀacquisi:on ꀀwill ꀀhelp ꀀbuild ꀀ
viable ꀀenterprises ꀀthat ꀀwill ꀀul:mately ꀀdominate ꀀindividual ꀀmar괠㴀
kets ꀀand ꀀsupply ꀀchains. ꀀThe ꀀmarket ꀀalso ꀀdepends ꀀon ꀀmajor ꀀexist괠㴀
ing ꀀmarket ꀀleaders ꀀunderstanding ꀀand ꀀrealising ꀀthe ꀀmarket ꀀop괠㴀
portunity ꀀoffered ꀀby ꀀrobo:cs ꀀtechnology.

This ꀀSRA ꀀshould ꀀnot ꀀbe ꀀjudged ꀀon ꀀthe ꀀdetailed ꀀaccuracy ꀀof ꀀits ꀀvi괠㴀
sions, ꀀbut ꀀon ꀀits ꀀability ꀀto ꀀs:mulate ꀀcollabora:on ꀀand ꀀinvestment ꀀ
in ꀀthe ꀀtechnology ꀀand ꀀinfrastructure ꀀrequired ꀀto ꀀachieve ꀀa ꀀviable ꀀ
robo:cs ꀀindustry ꀀin ꀀEurope ꀀin ꀀ2020.

Tradi:onal ꀀdividing ꀀlines ꀀwill ꀀdisappear ꀀand ꀀnew ꀀopportuni:es ꀀ
will ꀀemerge. ꀀEurope’s ꀀrobo:cs ꀀindustry ꀀmust ꀀbe ꀀready ꀀto ꀀrise ꀀto ꀀ
the ꀀchallenge.

These ꀀare ꀀthe ꀀtargets ꀀagainst ꀀwhich ꀀthe ꀀimpact ꀀof ꀀthis ꀀSRA ꀀand ꀀthe ꀀeffec7veness ꀀof ꀀits ꀀimplementa7on ꀀwill ꀀbe ꀀjudged.

Goals and Targets: Section 4

Key ꀀTargets
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• To ꀀcontribute ꀀto ꀀthe ꀀEurope ꀀ2020 ꀀgoal ꀀof ꀀreturning ꀀthe ꀀper괠㴀
centage ꀀof ꀀvalue ꀀadded ꀀmanufacturing ꀀto ꀀ20% ꀀof ꀀGDP.

• Europe ꀀmust ꀀexploit ꀀa ꀀsignificant ꀀfrac:on ꀀof ꀀthe ꀀIP ꀀit ꀀgener괠㴀
ates ꀀto ꀀits ꀀown ꀀadvantage.

• Europe ꀀmust ꀀmaintain ꀀits ꀀglobal ꀀposi:on ꀀin ꀀindustrial ꀀrobot괠㴀
ics ꀀand ꀀextend ꀀit ꀀto ꀀcover ꀀthe ꀀemerging ꀀsmart ꀀmanufactur괠㴀
ing ꀀsector.

• Europe ꀀmust ꀀwin ꀀa ꀀsignificant ꀀfrac:on ꀀof ꀀnew ꀀmarkets.

• Contribute ꀀto ꀀa ꀀgrowth ꀀin ꀀthe ꀀEuropean ꀀrobo:cs ꀀindustry ꀀre괠㴀
sul:ng ꀀin ꀀthe ꀀcrea:on ꀀof: ꀀ
➡ more than 75,000 new qualified jobs at European 

manufacturers of industrial and service robots;
➡ more than 30,000 additional new high‐tech jobs in 

European companies supplying components and soft-
ware for robots;

➡ more than 30,000 additional new high‐tech jobs in 
European companies supplying components and soft-
ware for robots;

➡ more than 140 new European companies as spin‐offs 
from research and university institutions; 

➡ more than 140,000 new jobs in European service in-
dustries using a broad variety of service robots and tak-
ing advantage of the increased productivity; 

➡ an expected robotics‐related increase of the EU‐27 
GDP by €80bn. 

The ꀀcommunity ꀀhas ꀀalso ꀀset ꀀthe ꀀfollowing ꀀtargets ꀀto ꀀbe ꀀachieved ꀀ
by ꀀ2020:

• A ꀀ35% ꀀstake ꀀof ꀀthe ꀀes:mated ꀀ€43bn ꀀindustrial ꀀrobot ꀀmar괠㴀
ket.

• A ꀀ65% ꀀstake ꀀof ꀀthe ꀀes:mated ꀀ€16bn ꀀprofessional ꀀservice ꀀro괠㴀
bot ꀀmarket

• A ꀀ20% ꀀstake ꀀof ꀀthe ꀀes:mated ꀀ€2.4bn ꀀdomes:c ꀀrobot ꀀmar괠㴀
ket.

Market ꀀGoals

Goals and Targets: Section 5
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