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Design of applied research study: Mechatronic example
Physical (p-) and cognitive (c-) human-machine interface of CYBERLEGs
Wearable robotic modules for transfemoral amputees

M. Munih, R. Kamnik, D. Lefeber, R. Ronsse, N. Vitiello
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Goals

» «Powered» lower-limb exoskeletal machines and
prostheses

Main design challenges and possible solutions

» Design the physical (p-) and cognitive (c-) HRI of two
wearable robots (FP7-EU CYBERLEGS project)

a light-weighted wearable hip orthosis
a powered transfemoral prosthesis
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Outline

» Introduction to wearable robotics
What, why, and design challenges

» The CYBERLEGS project: motivations and vision

» Active Pelvis Orthosis (APO)
a-prototype (year 1)
B-prototype (year 2)
Future developments

» Active transfemoral prosthesis and whole-body
awareness control

» Mitigation of the risk of fall
» Conclusions
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CYBERLEGs

What and why

» A wearable robot is a system
composed of actuators, sensors,
mechanism/s, and a human-
robot interface

» Movement assistance,
augmentation, rehabilitation, and/or
substitution, ...

» Application fields

Elderly persons
Chronic motor disabilities

Post-stroke and/or post-trauma
rehabilitation

Tremor suppression
Prosthetics
Human augmentation
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CYBERLEGs

Main design goals

» Wearable robots interact with
humans both physically

(mechanically) and cognitively I Intended movement
{e.g. “I want to move my arm”, “I want to
» Main requirements walk” )

X : : d \Wearable
Mechanical (or physical) II < rr— ) robot
human-machine interface User (e.g. asslstive joint torque]

(p-HRI)
Comfortable
Safe » Other factors enhancing system
acceptability

Cognitive human-robot _ |
: f HRI attractive design (a wearable exoskeleton
Interface (C' ) is not a vacuum cleaner!)

Intuitive minimum size and encumbrance

Redundancy no noise
affordable price

JL Pons, EMB Magazine, 2010
JL Pons, 2008
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CYBERLEGs project 4\

CYBERnNetic LowEr-Limb CoGnitive Ortho-prosthesis

Scuola Superiore Sant’Anna — SSSA ) o o
Project Coordinator: Dr. Nicola Vitiello CYBERLEGs is an artificial cognitive

ortho-prosthesis for dysvascular trans-
femoral amputees lower-limb functional
replacement and assistance in daily living

UCL_;E‘\E Universite catholique de Louvaine — UCL
}s

ghaiae 15 Prof. Renaud Ronsse SIS
activities
o Vrije Universiteit Brussel — VUB . J
Prof. Dirk Lefeber & Prof. Romain Meeusen

B Univerza V Ljubljani — UL
. Prof. Marko Munih

wireless sensory units )
pelvis module

&

Fondazione Don Carlo Gnocchi - FDG

@m=e . Dr. Raffaele Molino Lova vibrotactile unit _

o Z orthosis
www.cyberlegs.eu prosthesis
( )

Duration: 3 years

Start date: February 1, 2012

Budget: 3,45 M€

EU Contribution: 2,54 M€

Project Coordinator: Nicola Vitiello

Leading institution: The BioRobotics Institute,
Scuola Superiore Sant’Anna

orthosis foot
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Motivations

» Lower-limb loss is a disabling condition which affects
nealth and well-being of persons worldwide

» Incidence of all-cause lower-limb amputations

Lowest: 0.4 over 10,000 in Japan

Highest: 10 over 10,000 in Native American communities
(e.g. Navajo Region, US)

» Vascular diseases are the main cause of lower-limb
amputation (about 80% in US): dysvascular
amputation

» Ageing is a risk factor

____________________ g%
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Motivations

» Lower-limb amputation can be at several levels
foot-level
calf-level
thigh-level (namely “transfemoreal”)

» Transfemoral amputation are estimated to be
around 20%

60,000 per year in US & Europe
3,800 per year only in Italy (80% are dysvascular)

Univerza v Ljubljani CYBERLEGS Project has received funding from the European Community's Seventh
Fabulteta za elebtrotebnika  Framework Programme (FP7/2007-2013) under grant agreement num. 287894




CYBERLEGs ;-.
; ; f\
Motivations

Why transfemoral amputation is a big challenge for the
amputee daily life?

g

» More energy, less speed
40% of the speed, 2.5 times more energy
» Steps, Stairs and other ups & downs
Inclines and stairs become challenging
Step-by-step, and no more step-over-step
» More “mental energy”, less gait stability
“conscious effort of thinking about walking with the prosthesis”
“stumbling”
“semi-controlled fall”
“uncontrolled fall”
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Motivation

» Energetic, cognitive and
stability challenge are not fully
overcome by any passive or
active prosthesis

» Most (around 80%) of
dysvascular amputees do not
use any prosthesis

Cardio-vascular apparatus not
able to afford the effort

Amputees prefer other more
intuitive, more stable devices,
e.g. wheelchair

Active or semi-active prostheses
require a long time to re-learn
how to walk

Active prostheses have a low
energetic autonomy

Sellegren K.R., lowa Orthop J. 1982; 2: 13-27
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[...] Herodotus, in his History,
written in 484 b.C., tells of a
Persian soldier, Hegesistratus,
captured by the enemy,
imprisoned in the stocks, and
encased by his foot. He escaped
by cutting off part of his foot, and
replaced it later with a wooden
prosthesis. [...]

Figure 5. Seventeenth century lower limb prost - -
prabably mads for & congeaiial daormity. (Rpﬂn!ad rigu e13. Paré’s above keepﬂnheni s with articulated
lﬂlm" istoric Artificial Limbs, Paul B. Hoeber, join from Limb P

E. sze Publishing Co., 1972).
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Vision

» Metabolic efficiency

Active orthosis and prosthesis
» Cognitive efficiency

Non-invasive, and intuitive HRI
» System energy efficiency

Use of passive compliances

Patent pending
© The BioRobotics Ipstitute, SSSA N. Vitiello, et al., “Technological aid for transfemoral amputees”, PCT/IB2013/055065, 2013.
o
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When the story started ...

CYBERLEGS Cognitive Control Unit

Multi-sensory fusion

Amputee motor intention
Risk of fall

Allsensory data
Amputee Stress level K ]

CYBERLEGs-amputee status v I
Motor-primitive (((
.. state variables
Motor-primitive based control .

Univerza v Ljubljani CYBERLEGS Project has received funding from the European Community's Seventh
Fabulteta za elebtrotebnika  Framework Programme (FP7/2007-2013) under grant agreement num. 287894
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SSSA:
»  Active Pelvis Orthosis (APO)

»  Knee-ankle-foot orthosis
(KAFO)

»  Feedback unit
»  Mitigation fall risk
» Integration

UCL:

»  Assistive strategies

VUB:
»  Powered prosthesis

UL:

»  Wearable Sensory Apparatus
(WSA)

» c-HRI based on movement
observation

FDG:

»  Clinical validation

€v5 MACCEPAs motion
Prosthesis and Orthosis Joint Control commands N
e.g. Impedance Control ”
(7
Efferent feedback unit »
Efferent feedback to
the amputee through
vibrotactile unit
L
——————————— e e i e e e et ettt
HitTariin
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» What, why, and design challenges
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a-APO design requirements ()

» Lab prototype

» p-HRI:
Light-weighted - moving
parts with low-size and low
Inertia
Exchangeable links = both
right-/left-leg amputees

Matching intra- and inter-
subject variability

Comfortable user-device

pelvis module contact regions

Interfaces

Highly transparent to user

movement FRONT BACK
Parasitic stiffness lower — : :
than 10 N-m/rad in the thigh links contact regions (orthosis module)

frequency spectrum of
human movement

____________________________________________________________________________________________________________________________
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a-APO design requirements (1)

» p-HRI:
Rigid linkages, capable of
transferring mechanical
power to the user
2 degrees of freedom
(DOF) for each leg:

(1 active) hip flexion-
extension

(1 passive) hip adduction-
abduction

no hip intra-extra rotation

» Cc-HRI:
non-invasive
Intuitive interaction

______________________________________________________________
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Maximum weight: <5 kg (w/o batteries/control unit)

Maximum assistance: 50% normal-cadence torque
Peak hip flexion-extension torque: 35 Nm

Link inertia: <10% of human thigh inertia

Target user weight: 80-85kg

Inter-subject variability:
Pelvis width (L1): 350 440 mm
Hip joint — backside support (L2): 120 175 mm
Thigh link length (L3): 310 370 mm
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a-APO overview

» Carbon-fibre-based frame
Total weight: ~5 kg

Cuffs tailored on the human

body

Adjustable elements
Backside support position

Trunk cuffs distance in the
frontal plane

Thigh cuffs vertical position
and inclination

Belt and straps length

Position of actuator axis in
the antero-posterior direction

» Changeable link to interface
the prosthesis socket

» Easy-to-change links

v Vv

v

e e e e e e e e
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a-APQO: control system ()

» Low-level torque control

Torque error converted in
motor torque instead of
motor velocity

» High-level layer (c-HRI)
Flexible assistance through
adaptive oscillators (AO)

» Safety loop

Actuation switched off
when:
Measured torque = 30 N-m
Joint speed =400 /s
Emergency button

____________________________________________________________________________________________________________________________
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a-APO: control system (ll) o

» Characterization of the

closed-loop torque control 7]
Step response 2
Chirp response :

Output impedance
» Closed-loop bandwidth:

15.5 Hz ;
» Output impedance: 1-35 :
N'm/rad, in the range 0.2- .-
32 HZ B :
Parasitic torque: <0.5 N-m o
at normal cadence - high
transparency

D D3 B Usivras bl CYBERLEGS Projct has receive uning o the European Communiys sevens: NG 7
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c-HRI: AO-based assistive strategy
»  AFO-based adaptive stiffness control (1) = (= (x(2)? + y(t)?)) x(t) + w(t)y(r)+vF (1)
»  Hopf oscillator as AOs and a set of 60 v(t) = v (p® = (x(t)*+ y(t)?)) y(t) — w(t)x(t)
Gaussian functions as kernel of the non- _ y(t)
linear filter w(t) = vF(z) N OETI0L

»  This architecture learns frequency (and then
the phase) and envelop of a quasi-periodic
teaching signal, and provides a reliable
prediction of the joint angle vs. gait phase
within the gait cycle

a(t)
pool of adaptive oscil\l.‘é?tors
c
5]
B
=1 .
E : 0. (t)
@
C— ";'naiﬁ phase ¢, 2m
non-linear filter with local kernels
Ronsse et al., MBEC, 2011
P - o o T . T =
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c-HRI: AO-based assistive strategy

AFO-based adaptive stiffness control

» Hopf oscillatoras AOs and a set of 60
Gaussian functions as kernel of the non-
linear filter
»  This architecture learns frequency (and then
the phase) and envelop of a quasi-periodic
teaching signal, and provides a reliable 20.
prediction of the joint angle vs. gait phase
within the gait cycle
o 20f
» -> Estimate of both the hip joint angle é}((p) S,
and its future value at a phase ¢ + A ¢, é 10l
namely 6"}(cp + A @), being A ¢ a phase lead 3
tuneable by the experimenter L;i ol
» The assistive torque is then computed by 3
setting the 74, = K, - [9]((P +A @) — 0]((p)]1 -10+
being K,, a tuneable virtual stiffness
0.2s time
Ronsse et al., MBEC, 2011
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Physical effort estimate: methodology T

» Assessment of physical effort through the measure of
Oxygen Uptake (OXYCON Mobile ®, Jaeger, Germany)

l‘ e 1L Three healthy subjects
. < Comparison of different conditions:
- no exoskeleton
- exoskeleton under null-torque control
- exoskeleton under assistive mode
Treadmill speed: 2.4 km/h
Treadmill inclination: 3%

e

i ) _ ) _
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Outline

» Introduction to wearable robotics
» What, why, and design challenges

» The CYBERLEGS project: motivations and vision

» Active Pelvis Orthosis (APO)

» a-prototype (year 1)
» B-prototype (year 2)
» Future developments

» Active transfemoral prosthesis and whole-body
awareness control

» Mitigation of the risk of fall
» Conclusions
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B-APO: advancements with respect to a-APO

» Placement of actuation
units on the back-side

More physiological arm
swinging

» Passive DOFs
Free adduction-abduction
Free Intra-extra rotation

» Fully wearable and

portable system

Embedded electronics
Battery operated

UNPUBLISHED

——————————————————————

YT

S . . . .
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B-APQO: actuation unit (SEA)

CYBERLEGs Ny

Component specifications

Physical data

Lenght 160 mm
Encumbrance

Diameter 70 mm
Weight ~1kg

DC Motor Rated torque 128 mN-m
t'\)/lr 3);?]?(955(:7%%\?& Max torque 1150 mN-m
Nominal power 70W
Nominal voltage 24V
Harmonic Drive Gear ratio 100:1
CPL-14A-100-2A [ \ax continuos torque 13 Nm
Repeated peak torque 32 N'm
Peak torque 45 N-m
Absolute rotary Resolution 17 bit
encoder
Netzer DS 37 — 17 | Max reading speed 3500 rpm
bit System accuracy < 0.025°
Performance at Max continous torque 13 N‘m
SRR S Peak torque 36 N-m
Max speed 90 rpm
Joint stiffness 100 N-m/rad
> 29
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B- APO custom electronlcs

Board-to-board connection
Power consumption: 900 mA, 12.5V

Connection/control to/of the other CYBERLEGs modules (prosthesis and knee-
ankle-foot orthosis)

— Univerza v Ljubljani CYBERLEGS Project has received funding from the European Community's Seventh

Fakulteta za elebtrotehnika ~ Framework Programme (FP7/2007-2013) under grant agreement num. 287894

COOPERATION



B-APO: control system

CYBERLEGs N

» Low-level torque control | Right Joat
Improved performance (s, | Vporcen! | [Actuation] |
. : Control LU :

» High-level control strategy i :

» Control Unit mgnLeva| | * acer] |
Real-time controller Swategy | | Letseint) |
(sbRI10-9632, National ey L ration] |
InStrumentS) i . Control Unit i
High-level layer 100 Hz . o i
Low-level layer 1 kHz S i

» Safety Loop
Actuation switched off e
when: | e 2polel /[ ELMO Ly pe | HD N,

Measured torque = 30 N-m | ZT' — ; |
Joint speed = 400 /s i o) B |
Emergency button o _l]

_____________________________________________________________________________________________________________________________
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B-APO: prototype (I)

» Low-output joint
Impedance in zero-
torgue mode

0.63 N-m/rad (0.5 Hz)
5.29 N-m/rad (3.0 Hz)

» Total weight: ~8.5 kg
» Comfortable and safe
usability

» Test with amputee
subject

Transparent mode

Assistive mode Bellini at FDG, Firenze, Apr 2014
L

——————————————————— T~ - — - - - - - - - - m e mm e e e e m e mm e m e mm e e m e m e mmm e —————————— == ————— =~

i * %
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Torque [Nm] Angle [deg]

Power [W]

B-APO: prototype (Il)

Transparent mode (TM)

Left Hip Joint
60 ...........................................................
=20
0 50 100
%% of Stride
1
-1
0 50 100
%4 of Stride
2
-2
0 50 100
045 of Stride

Angle [deg]

Torque [Nm]

Power [W]

Right Hip Joint
60 .............................................................
-20
0 50 100
9% of Stride
1
-1
0 50 100
%4 of Stride
1
-2
0 50 100
945 of Stride

Data collected with a transfemoral amputee
Transparent mode vs. moderate assistance
High transparency of the system

Treadmill speed: 2.4+3.3 km/h

Feedback from amputee [...] smooth assistance, significant reduction of the perceived effort [...]

Umvcrf.a v L)]ub]]anl
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Torque [Nm] Angle [deg]

Power [W]

CYBERLEGs

Assistive mode (AM)

Left Hip Joint
60 ...........................................................
-20
0 50 100
%% of Stride
10
-10
0 50 100
04 of Stride
20

50
04 of Stride

100

Angle [deg]

Power [W]

Torque [Nm]

Right Hip Joint
60 ..........................................................
-20
0 50 100
% of Stride
10
10
0 50 100
%% of Stride

50
% of Stride
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Outline

» Introduction to wearable robotics
» What, why, and design challenges

» The CYBERLEGS project: motivations and vision

» Active Pelvis Orthosis (APO)

» a-prototype (year 1)
» B-prototype (year 2)
» Future developments

» Active transfemoral prosthesis and whole-body
awareness control

» Mitigation of the risk of fall
» Conclusions

} 34 i Univerza v Ljubljani CYBERLEGS Project has received funding from the European Community's Seventh
Fabulteta za elebtrotebnika  Framework Programme (FP7/2007-2013) under grant agreement num. 287894




CYBERLEGs [\
. (\
Outline

» Introduction to wearable robotics
» What, why, and design challenges

» The CYBERLEGS project: motivations and vision

» Active Pelvis Orthosis (APO)
» a-prototype (year 1)
» B-prototype (year 2)
» Future developments

» Active transfemoral prosthesis and whole-body
awareness control

» Mitigation of the risk of fall
» Conclusions

i
} 35 - Univerza v Ljubljani CYBERLEGS Project has received funding from the European Community's Seventh

Fabulteta za elebtrotebnika  Framework Programme (FP7/2007-2013) under grant agreement num. 287894




CYBERLEGs Ny

Non-invasive control of an active transfemoral prosthesis

» Powered 2-DOF transfemoral
prosthesis

» c-HRI: whole-body awareness
control
Use of a wearable sensory system
to:
monitor human movement

identify the locomotion-related task
and transitions (e.g., ground-level
walking, gait initiation/termination,
sit/stand, stair ascending/descending)

No subject-specific calibration
No electrodes placement
Quick training, highly intuitive

Subjects instructed to “walk as
naturally as possible”

a-prototype B-prototype

Prosthesis Team leader: prof. Dirk Lefeber (VUB)
Human- robotlnterface team leders: prof. Marko Munih, prof. Roman Kamnik (UL)
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Non-invasive control of an active transfemoral prosthesis

HUMAN SUBJECT
WEARING

Y

THE CYBERLEGs SYSTEM SENSORY
FUSION
) E—
WEARABLE SENSORY INTENTION
SYSTEM DETECTION
HUMAN SUBJECT
LOW-LEVEL
CONTROL
AND
ACTUATION
DRIVERS
PROSTHESIS
a-PROTOTYPE CONTROL ALGORITHMS

Gorsic et al., Sensors, 2014
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Ambrozic et al., IEEE Robotics and Automation Magazine, in press
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Wearable sensors

Inertial sensors

o Sensor & transmitter both on the
same board

e Gyroscope

e Magnetometer

* Atmel ZigBit module with onboard HEs
microprocessor ATmegal281 = .

« Accelerometer ' ] :

—24-
sAnTzePz'ogeoﬁizu
FCC. UBTZIABIT-AZ
1€ 7@38A-ZIQBITA2
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Healthy - Maneuver identification algorithm (\

State diagram with maneuver transitions labeled with letters (May 2014)

quiet
standing

It 1“
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Multi-sensory fusion algorithms
Phase detection in standing-up/sitting down

CYBERLEGs

s

b
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Multi-sensory fusion algorithms EHBEHEEGS

Phase detection in walking

Termina
i

* * %
*
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Multi-sensory fusion algorithms
Phase detection In stair ascent/descent

Foot
Stair ascent clearance
Forward
continuance
Pull-up |
Weight
acceptance —
Swing phase
'Weight
acceptance

lowering

Leg pull
through

Stance phase

i hrin . . . .
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CYBERLEGs Ny

Plausible transitions detected by maneuver recognition algorithm

Label Fla Transition

(]

5 Quiet standing abs(Wzpignr) < 0.1 & abS(Wzign ) < 0.1 & abS(Wzghankr) < 0-1 & abs(Wzghani) < 0.1 &
abs(waootR) <0.1& abs(waootL) <0.1

40 Sitting-down Wzthighr™0-5 & Wzign < — 0.5 & abs(Wzgnankr)<1-5 & abS(Wzsnankr)<1-5 & ADS(Wteer) < 0.5
& abs(Wyyer ) < 0.5 & Lflat=1 & Rflat=1

45 Quiet sitting abs(Wzpignr) < 0.15 & abs(Wzign ) < 0.15 & abs(Wzghankr) < 0-15 & abs(Wzspani) < 0.15 &
abs(Wzipor) < 0.15 & abs(Wyyen) < 0.15

50 Standing-up Wazthighr < = 0.5 & Wzgign > 0.5 & abs(Wzshankr) < 1 & abS(Wzshank) < 1 & AbS(Wzgo0R) < 0.5
& abs(Wzyer) < 0.5

|n|tlat|0n wzfootR< - 0.5 OR (,szooﬂ_ > 0.5

10 Walking (waootL >0.7 & WzshankL™ 05) OR (waootR <-0.7 && Wzshankr < ~ 0'5)

20 Stair Ascent (@amput =0 & Lflat=1 & Rflat=0 & ((Pynecr >SAknee && Pripr™> SAnip) OR ((Pyneer + Pripr) >
(SAnpt SAkee)))) OR

(amput=1 & Rflat=1 & Lflat=0 &(@p;,. > 40 & PyneeL > 60) OR
(((PkneeL + (PhipL) > (SAhip+ SAknee))))

30 Stair Descent (@amput=0 & Lflat=0 & Rflat=1 & @ypecr > SDynee & Puneel < SDang & Phip. < SDang & Ppipr<
SD,ng) OR
(amPUt =1 & Rflat=0 & Lflat=1& Prneel ~ SDknee & (PhipL = SDang & (PhipR< SDang & Prneer <
SDang)
4 Termination abs(Wzpignr) < 0.1 & abs(Wzpign) < 0.1 & abs(Wzghankr) < 0.1 & abS(Wzghank) < 0.1 &

abs(waootR) <0l& a-bs(waootL) <01

(o]

* X %
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Tunable thresholds for input signals

Tunable Explanation
thresholds

SAinee Threshold for knee angle determining stair ascent maneuver 60
SAnip Threshold for hip angle determining stair ascent maneuver 40
SDyee Threshold for knee angle determining stair descent maneuver 40
SD g Threshold for leg angles determining stair descent maneuver 20
g Eniaidzs  Threshold for ground reaction force (grfL, grfR) determining stance 300
phases
““““““““““ :*:-.‘g‘:-?""""""""““““““““““““""""""""""""““““““““““““““““““'
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CYBERLEGs

Flag  Transition Rule

11 Left stance (L) Wzfootr >1 & Wrfoor < 0.4 & grfl > thrL & grfR < thrR
121 Left-Right double stance (LR) Wzfoor, > 0.2 & Wziootr < — 0.5

13" Right stance (R) Wzfootr > — 0.2 & Wzroor. <1 & grfR = thrR & grfl < thrl
14 Right-left doublestance Wzfoot,> 0.2 & Wzfootr < — 0.5

Rules for phases during stair ascent

Flag Transition Rule
21 Right lifting (RL) grfl > thrL & grfR < thrR & wzootr < — 0.5 & Wzseon < 0.1
22 l' Right placement (RP) grfl >100 & wzootr > 1.5 & Wzfaon < 0.1
23 l’ Left lifting (LL) grfR = thrR & grfl < thrL & wzfoor. > 0.5 & wzoer < 0.1
24 l’ Left placement (LP) grfR > 100 & wzfootr < — 1.5 & Wzfootr < 0.1
} e Univerza v Ljubljani CYBERLEGS Project has received funding from the European Community's Seventh :' e
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CYBERLEGs

Phase detection algorithm

Rules for phases during stair descent

Flag Transition Rule
31 Controlled Lowering  (amput=0& grfR > thrR & dyneer > 20) OR
(CL) (amput=1& grflL > thrL & dyneeL > 20)
32 l Foot Placement(FP)  (amput=0& grflL > thrL & wzs0u < 0.2) OR
(amput=1& grfR > thrR & wzgowr > —0.2)
331 Weight Distribution (amput =1 & abs(wzfoor ) <0.1 & Wzshank > — 0.2 & wzenigh > —0.2) OR
(WD) (amput=0& abs(wzotr) < 0.1 & Wzshanks < 0.2 & abs(wzthigha) <0.2)

Rules for sit-to-stand and stand-to-sit maneuver

Flag Transition Rule

5 Quiet standing Wazthighr > — 0.2 & Wzthigh, < 0.2

4[)" Sitting-down Wzthighr > 0.5 & Wzthight < — 0.5 & abs(wzshankr) < 1.5 & abs(wzshank ) < 1.5 & abs(wzootr) <
0.5 & abs(wzoer ) < 0.5 & Lflat=1 & Rflat=1

45 l Quiet sitting abs(wzihighr) <0.15 & abs(wzthight) <0.15 & abs((wzshanke) < 0.15 & abs((wzshank ) <0.15
& abs(wzotr) <0.15 & abs(wzier ) <0.15

501 Standing-up Wzthighr < — 0.5 & Wzthigh, > 0.5 & abs(wzshankr) < 1 & abs(wzshank.) < 1 & abs(wzeotr) < 0.5
& abs(wzfoor ) <0.5

} —_— Univerza v Ljubljani CYBERLEGS Project has received funding from the European Community's Seventh Palaly
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Non-invasive control of an active transfemoral prosthesis

Experiment with the a-prototype
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Non-invasive control of an active transfemoral prosthesis
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Non-invasive control of an active transfemoral prosthesis

Experiment with the a-prototype
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Outline

» Introduction to wearable robotics
» What, why, and design challenges

» The CYBERLEGS project: motivations and vision

» Active Pelvis Orthosis (APO)
» a-prototype (year 1)
» B-prototype (year 2)
» Future developments

» Active transfemoral prosthesis and whole-body
awareness control

» Mitigation of the risk of fall
» Conclusions
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Conclusions (future perspectives)

» Wearable robotics Is a
catching and interesting
research domain

» Bloengineers can really
be the playmakers
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