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Risk Assessments and Bafety Testing Methods for
‘Wearable Walking Assistant Robots

Cota Nabeshima*!, Hiroskt Kawamoto'? and Yoshiyuki Sanknis??

Variety of Wearable Walking Assistant Robots {W’&.ﬁa} are appeating on the markes. Thelr safety atiracts the
interest of mumfactueers as well as the ussrs. In this paper, we address risk assessments and clarily the typical disks

of W2ARs, We slso discusa practical safety messirss for the risks, The strength testing mechines ave

d pnd

produced to verily the ink & sadety i the angle stoppers and approp mbling. This
soper will wid the industriolisation of W2ARS.
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i, Both pel and adhesive may cause skin irvitation and
allergic rouctions.

2. Depending on the measwement type, the conductive gel
may dry degrading the signel and the adhesive may wesr
off due to swaat and musculer contractions,

3. Body hair removal is required on the argas bellow the
elestrodes,

Dry electrodes have been developed[10] in order 1o
ehminate the need 1o use of gel and adhesive, Howewer, in
some cases, skin preparation such as body hulr vemoval and
clenning: Plus constant elestromechanical skin contact is stifl
requirement. Being able o quickly attach or remove reqnircﬁ
sensors is on important step towards the adoption of assisti
devices and exoskeletons in daily ife,

in order 1o increose the usebility of the electrodes,
nenconiact elvetrodes based on capacitive coupling have been
groposed{it]. Receatly capusitive electrodes hove golten
precise enough o record ECG smala over the clothing{12]
and under bed sheeis[13] The major dissdvantage of these
slestrodes Ts that due to the ulta-high impedance input they
see very susceptible 10 noise originated from el gnetic

1}, BIOELECTRICAL SENSING THROUGH CAPACITIVE COUPLING

Capacitive sensing is used to measure bioelectrical sipnals
by performing AC coupling b the lectrode and the sin
of the ;}atien& The equivalent cirouit of & capucitive sensing
system s given In Fig2. By upproaching 8 metsl plate
connected to 3 slectronic cireult to the skin, o condenser
between the metst plate and the skin is formed. The skine
electrade-amplifier system can be modeled as o RC based high
pass Slter connected to ideal op-amyp buffer. The capacitence
of the skin-metal plate capacitor is given by

enR®
(% .

C q FE}]
assuming we ¥se o circular metal plate with redivs R from
distance & from the skin., ¢ is the diclestric constant. Because
there are various types of textiles, each with its pwn dielectric
consiant and bechuse most of them arg 1o continuous snd are
filled with air, we con assume that ¢ Is the disleciric constant
of the sir. Setting distance d 1o around 1.0 [mm] and R 1o 15
fmm}, the capacitance € of the skin.clectrode capacitor is

sowrces sweh as hum nolse and electostatic field noise fom
nearby objects. In order to reduce this noise careful shielding
and signal conditioning techniques are used. However, the use
of those technigues also increase the sive of the electrode
a:gmﬁcmuy. wmaking them xmxppmmm for daz!y. mu&li
k 1 recording required by the

above. Attempls 1 record BMG witlh capmtwe sensrs have
siso been meds by ewbedding the electrode preamplifier
cirowit inte the textilefi4] This approack would allow the
areation of & sensing suit for capasitive EMG measurement but
it would stiff resquire the patient to change clothes because the
methed was highly dependent on the textile materinh Also by
embedding electrodes in the clothing, we must assuns that sack
sult fits the wewrer perfoctly and we alse lose sensor placement
fresdom.

n ﬂzis fper We proposs an eiwmde capable of recording
curdi i and jeal signals through clothing
using cupacitive cmxplmg configured with minimal impedance
valyes for maximun noise resistance, thus allowing the
electrode o be smoll but precise enough for exoskel e«m md
assistive device wuse and long term daily

approximately 2.0{pF].

n order to d by bioelectrical
signals, which oscillate a8 fmnmms of 0.3 [Hz] to 40fHz)
for cardioelectrical sipnale and 20fHzl to S00fHZ] for
myoelectrical signals, a kigh input impedance of ot least 1.0{T
Q] isrequired.

Comimon ground signat between the body and the ciroult
is realized by using o low impedance nterface, such as u
conventionat dry or wet uleewrode.  While its possible to
record BCG signals without a ground, especially when
measuring wosker EMG signals, better signal noise ratios are
obtained by muintain o sobust grownd[10§{121

{1, MEASUREMENT BYSTEM

A Capacliive Coupling Elestrode

in chapter B, we caleulated that s preamplifisr component
with # input impedance of @ least LO[T €] is required.
Considering e svailable components in the mesket, we chose
10 use an instrumentation amplifier with iaput impedance of
23101

bioeiecmmi aatw@ mnumag. In order to reduce the size af
the ¢ i 8 presmpiifier component
that has smaller but hugh enongh vmpﬁdm to be sapable of
sensing through capacitive coupling the small bloelectrical
volinge variations while sill being strong against noise,
reducing the need for spece consuming advanced shielding
techmiques. Since wet electrodes such as the Viwody have the
best signal nolse matio, we compare data Gom our electrodes
apainst data from Vigode elecirodes and discuss how visble
they are for the applications we d in the beginning of
this chapler,

Frurman Bady R - Feoe A AR Ry
Equivilent Grogit

Shin ElechradaCapacitar

Blotogioat Punetion;

Generstor gy

{nruscle, Hoarth TaTrger
Device

Jiy CaeanGeund

Fig? Capasitive sensing system
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efectrode were not placed in the exact ssme place. Between the
center of the noncontact electrode and the center of the wet
electrode there was & distance of 3fom}. Previous research
have shown that 3{om] is a distance big enough to produce
create distortions between the data collect st two poinisf 151
The second reason is, from formula (1), because the
noncontact elecirode output is siso a funetion of the distance
between the electrode mets) plate and the skin, any variation in
thix distance will reflect on the oulput of the electrode mnking
it susceptible to motion arifacts. As we can ohserve in Figé
there are spike in the noncontact electrode diata set which are
1o present In the wet electrode data set. And those spikes all
appesr when Ge contraction starts or ends, hinting that the
actual musele movement may be creating motion artifocts on
the developed elecirnde.

Experiment B in section 1V showed that our elestrode is
capable of recording different sipnals when the observed
musele is under different londs. This results shows that owr
efectrode has the potential of being wsed ag the interfacing
seosor  for  exoskeleton and  other ausistive  deviees
Furthermore in experiment © in seetion IV, we verified that
our developed electrode is capable of comectly wecording
ECG. This results show that the developed capacitive coupling
electrode hus the potential 1o be used not only as an interfacing
toc:l but also a5 # diagnosing wnd evaluation tool for assistive

Hi 5 ai the iments in this paper wers
conducted in fdmi condmons, for a short wﬁod uf hme. In
order 1o verify how adeguate mre the devel

in fumwe works we plan fo integrate our develeped
noncontact efectrodes in to the robot suft HAL and evaluste
the performance of the slestrodes under real world conditions
as welt as developing optimized versions of the electrode
based on the rasults of those experiments.
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Application of Robot Suit HAL to Gait
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Abstract. 'We have developed the Robot Suit HAL (Hybrid Assistive
- Limb) to actively support and enhance human motor functions, The HAL
provides physical support according to the wearer’s motion intention. In
this paper, we present a-case study of the application of the HAL to gait
rehabilitation of a stroke patient. We applied the HAL to a male patient
who suffered a stroke due to cerebral infarction three years previously.
The patient was given walking training with the HAL twice a week for
cight weeks, We evaluated his walking speed (10 m walking test} and
balance ability (uslng a functional balance scale) before and after the 8-
week rehabilitation with the HAL. The results show an improvement in
- ‘the gait and balance ability of a patient with chronie paralysis after gait
training with the HAL, which is a voluntarily controlled rehabilitation
device.

Keywords: Robot. Suit, HAL, Rehabilitation; Locomotor raining,
Hemiplegia.

1 Introduction

It is important to rehabilitate the walking ability of those that have suffered a

stroke to restore and maintain their everyday activities and quality of life. Loco-

motor training performed on a treadmill with the manus! assistance of therapists

has been suggested for gait rehabilitation based on motor training. Repeating s
stepping motion on a treadmill promotes motion learsing and improves walking

ability. However, this training approach places a heavy burden on the therapists
as they need to swing the patient’s paralyzed legs manually.

Fo avoid this problem, robot technologies have been applied to locomotor
training. Gait motion support is provided by the actuated joints of the robots

instead of the therapists. These robots apply a predefined motion to the patient’s
limibs regardless of the patient’s intention id step. The effect of this kind of

passive Jocomotor training has been investigated [1].

K. Missenberger et al. (Eda.): ICCHP 2012, Part II, LNCS 7383, pp. 184-187, 2012,
© Springer-Verlag Burlin Heidelberg 2012
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in walking speed and the number of steps during 10MWT, and the total FBS
score, respectively, before and after the 8-week training period. An increase in
gait speed of 0.08 m/s and a decrease in the number of steps of 5 steps were
cbserved. An increased FBS score was also observed with improvements of 3
points. ,

4 Discussion

The purpose of this research wes to evaluate the efficacy of HAL locomotor
training for a chronic stroke patient. Gait speed and number of steps showed
improvement after the HAL training (Fig. 3(a) and (b)), The results of this
rehabilitation fndicate that HAL locomotor training can induce improvement in
walking ability. The HAL’s motion assistance in conjunction with the patient’s
volitional motion increased the range of hip joint motion (Fig. 2}, and the patient
was able to walk with improved strides during locomotor training with the HAL,
This locomotor training also led to an increase in balance ability (Fig. 3(c)).
Consequently, this effect would contribute to improved walking ability.

5 Conclusion

In this research, we investigated the effect of locomotor training with the Robot
Suit HAL, which provides walking assistance according to the wearer’s intention
to move, We confirmed an improvement in the walking ability of a chronie stroke
patient. As the next step, a controlled trial will be conducted to investigate the
significance of the effect on stroke patients.
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A Wearable Light-Emitting Sensor Suit for Supporting
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the Lower-Limb Motion Perception

1234

Naoto IcarasHL, ! Kenyt Suzuki, 1213
HiroAKI KawaMOTO!? and YOSHIYUKI SANKAI 2

This paper proposes a novel technique for visualizing lower-limb motion by
means of surface electromyography and measuring kinematics of human motion.
We developed a wearable light-emitting sensor suit that indicates lower-limb
muscle activity on the surface of the body in real time, by displaying the shape
of the innervated muscle on the position of targeted muscle. The developed sen-
sor suit allows users to perceive muscle activity in an intuitive manner. Multiple
sensing of biological information realizes advanced visualization of muscle activ-
ity such as muscular tension on the suit. A cognitive experiment was conducted
to evaluate the system performance and verify the advantage of the developed
sensor suit. We also investigated the possible applications of the developed suit
in the fields of rehabilitation and physical training.
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