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Trends In society

A Pull: Social trends in healthcare
I Pressure on healthcare due to ageing
I Pressure on healthcare due to increased welfare

A Push: Technological trends
I Developments in ICT (intelligent, ambient, computing
power)

I Developments in mechatronics (miniaturization, systems,

cost reduction) -
The new nwavecd
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Project objective

A Main objective:

I fto produce a roadmap of promising applications of
robotics in healthcare, encompassing also associated
technologies, research directions and expected impacto

A The results will provide input for the further
development of FP7 in this field (working program)

R4H presentation Dutch robotics 2009 @ H ea Ith .57-."‘ N0

Vilans




eRononcs FOR HEALTHCARE [ European Commission

Project results
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Result: 21 innovation areas

Robot assisted micro surgery

. : Logistical robotized aid for nurses
Robotized surgery assistance

: — . - | Robotized patient monitoring systems
Robotized precision surgery Robots supporting _ _ : g
Robotic devices for minimal | _ professional care ) e e e B 1
invasive surgery Robotics for medical Roboltized paramedic asks
Medical micro and nanobots | | Interventions

Remote surgery . :
—_— Robotized analysis of
Robotized assistance for small maotion and coordination
medical inferventions J .
L R4H Innovations ) | | - Intelligent fithess systems
) Robotics assisted preventive Tele diagnostic and monitoring
- therapies and diagnosis | | robotic systems

Smart medical capsules

Robot assisted motor-coordination therapy

. Robotized systems supparting
Robotics for J manipulation

Robot assisted mental, cognitve || rehabilitation treatment
and social therapy : ’

Robot assisted physical training therapy

( Robotic Assistive ) [Rohatized systems supporting mobility
\ Technology ,J_| Intelligent prosthetics
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Result: 21 innovation areas

Robot assisted micro surgery
Robolized surgery assistance

Robotized precision surgery
Robolic devices for minimal

Logistical robotized aid for nurses

" Robots supporting

invasive surgery

Robotics for medical |
Medical micro and nanobots | | Interventions

Remote surgery

Robotized assistance for small
medical interventions

Robot assisted motor-coordination therapy

Robot assisted physical training therapy

Robot assisted mental, cognitive
and social therapy

RéH1

" Robotics for
_ rehabilitation treatment

" PHILIPS |
(sl

_[ Robotized patient monitoring systems
Robotized physical tasks in care provision
i | hqbolized paramedic fasks

Robotized analysis of
motion and coordination

Intelligent fitness systams

Tele diagnostic and monitoring

mpreventive ;
Iagnosis |\ robotic systems

Smart medical capsules

s

biotized systems supparting
nipulation

=¥

s

phiotized systems supporting mobility

lelligent prosthetics
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Result: 21 innovation areas

Robot assisted micro surgery
Robolized surgery assistance

Robotized precision surgery
Robolic devices for minimal

Logistical robotized aid for nurses

Robotized patient monitoring systems

" Robots supporting |

srofessional care Robotized physical tasks in care provision

invasive surgery Robotics for
Medical micro and nanobots | | Interventions

Remote surgery

Robotized assistance for small
medical interventions

Robot assisted motor-coordination therapy

Robot assisted physical training therapy | [ Robotid

Robot assisted mental, cognifive rehabilil
and social therapy -

Robotized paramedic fasks

Robotized analysis of
motion and coordination

Intelligent fitness systams

|l Robotigs assisted preventive || Tele diagnosic and monitoring
| therapigs and diagnosis | | robotic systems

Smart medical capsules

Robotized systems supporting
manipulation
r‘ic Assistive [Rohatized systems supporting mobility
r ology _,J—‘| Intelligent prosthetics
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Result: 21 innovation areas

Robot assisted micro surgery

Robotized surgery assistance

Robotized precision surgery

Robolic devices for minimal
invasive surgery

( Robotics for medical /
\ interventions

Medical micro and nanobots

Remote surgery
—
Robotized assistance for small

medical interventions -

L R4H Inn

[ ]

Robot assisted motor-coordination therapy

Robot assisted physical training therapy | [ Robotics for

_ rehabilitation treatment

Robot assisted mental, cognitive
and social therapy

T TWODUNG Fooloave | )

Bhrobotized aid for nurses

E patient monitoring systems

Iad physical tasks in care provision
Ld paramedic fasks

Robotized analysis of
motion and coordination

Intelligent fitness systams

Tele diagnostic and monitoring
robotic systems

Smart medical capsules

ms supporting

Ty supporting mobility

. Technology

/

Intelligent prosthetics
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Result: 21 innovation areas

Robot assisted micro surgery
Robolized surgery assistance

Robotized precision surgery

Robolic devices for minimal

( Robotics for med
\ interventions

invasive surgery

Medical micro and nanobots

Remote surgery

Robotized assistance for small
medical interventions

Robot assisted motor-coordination therapy

Robot assisted physical training therapy

Robot assisted mental, cognitive

" Robotics fof

Da Vinci

 rehabilitatior

Logistical robotized aid for nurses

Robotized patient monitoring systems

kupporting _ _ : -
onal care | Robotized physical tasks in care provision
| Robotized paramedic fasks

Robotized analysis of

motion and coordination

Intelligent fitness systams

ptics assisted preventive ‘

_ : _ Tele diagnostic and monitoring
Apies and diagnosis

robotic systems

Smart medical capsules

and social therapy

Robotized systems supporting
manipulation
T = L , : -
L \_r Robotic Assistive [Rohatlzed systems supporting mobility
\ Technology ,J_| Intelligent prosthetics
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Result: 21 innovation areas

Robot assisted micro surgery
Robotized surgery assistance

Robotized precision surgery
Robolic devices for minimal

invasive surgery " Robol| 2
Medical micro and nanobots | | INterv &=
Remote surgery
Robotized assistance for small

medical interventions

Robot assisted motor-coordination therapy

Robot assisted physical training therapy |

Logistical robotized aid for nurses

S

_r' Robots supporting
| | professional care

Robotized patient monitoring systems

Robotized physical tasks in care provision
Robatized paramedic tasks

/
-

Robotized analysis of
motion and coordination

Intelligent fitness systams

" Robotics assisted preventive "

) - : Tele diagnostic and monitorin
- therapies and diagnosis

robotic systems

9

Smart medical capsules

T TTOCr T rT

Robot assisted mental, cognitive

T o
: - rehabilitation treatment |
and social therapy : ’

Robotized systems supporting
manipulation
" Robotic Assistive | [Ruhatized systems supporting mobility
\ Technology ,J_| Intelligent prosthetics
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Result: 25 key technologies

Biomedical imaging

Human perception to robat systems
= i \ Biomedical sensors
Systems and safet
) - Biofeedback mechanisms
Human rnuvement] Insight in medical therapies and | Advanced Sensory systems E—
Ambient intelligence
Understanding therapeutic mechanism r human behaviour — -
 Positioning and localization
Research protocols
Vision sensory systems
High performance actuators '
L e ) .| Advanced tactile sensors
rifcial muscie 1 [
r ; , Advanmd | Mew input concepls
Grippers — Advances in mechatronics Human machine | S
: nhanced system response
= R4H Key technolugies _interfacing Ay
: User friendly interface concepls

Shared control

Advanced mobile energy storage

Adaptive control | | Control systems for complex |
Advanced robotic software | | Mechanical movement

Micro mobile Energy generation

: Mobile energy systems — Energy efficient robotic systems
Wireless energy transfer
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Market attractiveness vs industry pos

Market attractiveness A

Robotlzegpremsmn Surgﬁrﬁéobots for minimal
Invasive surgery

|

@ Smart pills for diagnosis Robotized ahalysis of motor i
coordinatiogy Robots assisting SRIRIO" SUrdey assistapce,
¢ ¢ > T0r phy
medical mteRrven%lons_ ted therapies
. Robotized Logistical su @gﬁﬁgf&%g -
o Tele diagnostics and Monitoring gbots 02%?%&%2%%%8 OSupp?o?ting intelligent
i : ili ntelligen
T Intelligent prosthetigs mobility ’fitnesg systen
Remote surgery rOb.tSQPatient_ Robots for physical
Monitoring healhtcare tasks
robots
4 Systems supporting manipulation
@ Robotized paramedical tasks
=
o
1

¥ Micro and nanobots

Low High

Industry position A
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Development phase of innovation areas

Invention Research 1 Innovators Early adopters| _ Early majority
Intelligent fithess systems

Robotized motion and coordination analysis -

Tele diagnostic and monitoring systems

Smart Medical Capsules

Systems supporting manipulation

Systems supporting mobility

Intelligent prosthetics

Robotized physical tasks in care taking

Robotized paramedic tasks

Logistical robotized support for nurses

Patient monitoring robots

Robot assisted physical training therapy

Robotized motor coordination therapy

Robot assisted mental, cognitive and social thgrapy

Robot assisted micro surgery

Robots for surgery assistance

Robots for precision surgery

Robots systems for minimal invasive surgery

Medical and micro nanobots

Remote surgery robots

Robots for assisting small medical interventiorfs
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Coverage of the areas (n=355)

Robotized physical tasks in care progisi
Robotized paramedic ]?kfn—_i

Patient monitoring robpts=—

Logistical robotized aid for nugsesT

Robotized surgery assis 2l alei=

Robotized precision SUrgeTy

Robotized endoscopic assistince
Robotized assistance for small menica
Robotic devices for minimal invasive sprgery
Robot assisted microsurgerny

Remote surgen |

Medical micro and nanoliots=——=

Robot assisted physical training thiramy : ]
Robot assisted motor-coordination thErapy ]

Robot assisted mental, cognitive and|

Tele diagnostic and monitoring rdiotic |

Smart pills for diagn@ﬁ
Robotized analy sis of motion and coordimat:
Intelligent fitness sy stepass

Robotized sy stems supporting m ity : : : —
Robotized systems supporting manipiatinmn ]

Intelligent prostheti‘Efj
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USA 1 1 1 1 1
Germany] I I L One product:
Japan_ I I ] China
France: : ] Czech Republic
UK I Hungary
1)) s— Iceland
N etherlandg——— Luxembourg
Sweden—/———3
Israel =21 Polar?d
Finland =21 Russia
Canadab— Slovakia
Switzerland== Turkey
Singaporé:l
Belgium_:l
Austria|F=31
South Koreg=
Ireland [
Denmark_:l
Taiwan g
Spain_:l
Greecefn
Australiajg
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Roadmaps

A Selection based on
I Relevance for E-health
I Market and industrial attractiveness

A Selected innovation areas:
I Robotized surgery (integration of several areas)
I Robot assisted Motor coordination analysis and therapies
I Robot assisted Social therapies
I Patient monitoring robots
I Smart medical capsules
i Intelligent prosthetics
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Robotized surgery

20|10 | | 20|15 | 2q20 2025

Integration to workflow
Identification of actual benefits

Further miniaturization

Issues

Identification of champions

Decrease of operating costs

Technology
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Conclusions and recommendations
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6%2 Priority Innovation areas

Smart medical capsules

Intelligent prosthetics

Patient monitoring systems

Robotized analysis and therapy of motor coordination
Robot assisted mental, cognitive and social therapies

Surgical robots

o To Do Io Do Io Do

Robotized assistance in nursing and paramedical care
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Conclusmns on Innhovation areas

A Application of robotics in healthcare is still in its infancy, although
some commercial products are seen

A The connection of research to industry and users is (in general)
limited

A Ethical and legal aspects are limited, but some are crucial (e.qg.
institutional barriers)

A Hard evidence on actual benefits is still limited

A The R4H network is international and dispersed over many
countries
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Kansen voor robotica specialisten

A TNO Brein initiatief:
| nz et van onder zoekers van
vieugels van TNO (detachering)

A Gerichte ontwikkeling van grote
onderzoeksprojecten voor |

Doe mee / kom met suggesties!

Arjan.rensma@tno.nl
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