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Walking Assistance for Cerebral Palsy with Robot Suit HAL

Takumi Taxeroms,” Yoshiyuki Sankar®

Abstract  'The purpose of this study is to propose a method of a walking assistance by using an exoskeletat
system "Hybrid Assistive Limb (HAL)" for cerebral palsy (CP) patients who cannot stand up and walk due tothe
abriormal generation of the bioelectrical signals (BES) in their lower limbs associated with the brain disease, and
to verify the effectiveness of the proposed methed through & clinical trial. HAL was developed to support the
voluntary movement of the wearer based on the BES, The proposed method consists of two algorithms, that {5, an
assistance of voluntary movement fn the swing phase and an assistance of weight bearing in the stance phase. The
-asylstance of the voluntary movement determines the rotational direction of the actuator from the ratio of the
-abnormal BES by using sigmoid function ducing the swing phase. Ou the vther hand, the assistance of the weight
bearing adjusts automatically the stiffness and viscosity of the joint during the stance phase. In the clinical
‘walking trial with a 3.meter walk vsing parallel bars, we confirmed that HAL including the proposed method
-achieved the patient's walking assistance. Especially, the assistance of the voluntary movement in the swing
‘phase produced his Jeg-swing based on the BES signals. As a result, the walking speed, cadence and stroke width
‘of the patient with BAL during this trinl are L6 mémin, 114 steps/min and 014 m, respectively. In conclusion, we
have proposed the ‘method of the walkmgamsmnce method and thus, confirmed the effectiveness of the proposed

method,

Keywords ¢ biomedical signal p maoter fi

bral palsy, robot suit.
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A New Voluntary Exercise using Bobot Suit for Patients Having Difficuity
! in Active Movement
~Clinieal Application to Severe Pavaplegic Patients—

Tomohiro Havasm,” Koichi Iwarsukr™ Masato Hasecawa,” Miki Tacam,” Yoshiyuki Sangar™®

Abstract  The tmportance of voluntary exercise and sensory input in rehabilitation training affer spinal cord
injury (SCD or cerehrovascular disease has been demonstrated by recent studies, However, the voluntary
exercise is an impossible fask for severe paraplegic and hemiplegic patients who sannpt move theiy jower Hmbs
by themselves, The purpose of this stedy i3 to verify whether these patients can perform a new voluntary
exercise by using 4 robot suit which generates walking miotion in place of the wearer's paralyzed muscles by
detecting their voluntary bicelectrical signals. Two severe SCY patients whe can barely produce newromuseular
activation but cannot move their Jower limb participated in this study, Experimental results demonstrated that
the rebot suit was abie to detect their voluntary nevromuseular sctivities via boslectrical signals and provide
stepping and walking motion having appropriate temporal relationship with the voluntary activities. In addition,
the proposed voluntary exergise using the robet suit can significantly promote neuromuscular activities of the
farget muscles more than passive exercise, .

Keywords : robot suit, rehabilitation traini 3 ¥
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Development of Visual Feedback System Based on the Load on Handrails

JERRX No. 2012-)CR-0191

Ryotaro SABE"' , Tomohiro HAYASHI and Yoshiyuki SANKAI

‘lg Infe s e
Y and

g, University of Tsukuba
1-1-1, Tennodai, Tsukubm 305-8573 Japan

. Patients with cercbral palsy who have gait problem need (o reccive gait training in order to regain the ablluy to
walk without relying on the assistive devices including walkers or cancs. It is important for the paticnis to gnizc 10
how much they depend on the assistive devices by using their arms because the goal is to decrease the dependence on
the assistive devices. The purpose of this study is 10 crezte a new visual feedback sysiem for helping the patients

pnize their depend on the assistive devices. We developed the new visual feedback system, which measures the
load that the paticats cxert on the handrails, and directly shows this load by using a display. Walking trinls of the
ten-meter walking test were performed with one patient who has cerebral palsy and onc healthy person in order to
compare the load that they exerted on the handrails. The visual feedback system was able to measure the load on the
handrails and to show it 1o the patient while ke walked. Conscquently, the patient was able to recognize the load on the
handrails and d d the depend on them. This result suggests the new visual feedback system is effcctive in
ping patients to practice to d the depend on the handrails during gait

Key Words : Gait Training, Dependence on Assistive Devices, Visunl Feedback System, Load on Handrails
Measuremem, Medical and Welfare Assistance, Rehabilitation
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Development of Hybrid Resistive-Capacitive Electrodes for
Electroencephalograms and Electrooculograms
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Bivelectriont siganls such as electrooculogrums (EOGs) and elvetroseephalograms (EEGs) have many medicsl applications.
Wet elocteades are med widely to nequite these signals; however, their ise hns m,ﬁmmﬁm ‘Other researchers hiave

proposed dry contact electrodes, but they do nol solve olf of the p

bl d with wet slectrodis; on e other hand

capneitive ling electrad hmmmiwwﬂbmmwmdmhmm&mpmmﬁﬁsmmmmm
Hiybric elentrods that is c&pmblc of hoth capasitive and resistive recordings at Jower noise fevels, with a smaller hardware footprint.
“the sensor was designed by optimizing the sensor inpot impedance value using a new electrode equivalent éireuit that contained
nolse sources, Experiments were performed fo investigate the frequency résponse, noise spestrusm, motion artificts, standand
aiph& and ﬁm EEG siganls; and i:yetui and eyeball EOG mensurements. We verified that o eledtrodes are capable of

st noise fovels ible to wet el

Keywords b ical sensing, copacith ing, elecrode, EEG EOG

1. Entroduction

Bioelentricnl signals that originate from the brain activity, sueh
as electrozncephalogram (EEG) signals, and those that eriginate
from the eye movement, such a8 the elestrootulogrem {(ECG)
signals, are very imponant in seversl ficlds of medicine™ %, Wt
resistive electrodes such as the Witrode {Nihonkohden, Japan) or
the electrodes used in fhe GTee slectrode cap (GiTee Medical
Engincering GMBH, Austrio) are vsed widely to perform these
measurements. Howover, the use of wet slectrodes has major
drawbncks such as the requirement for skin preparation and the
use of conductive gels™, Dry resistive electrodes have been
developed to increase sensor performance and ussbility®™ %, Diy
electrades involve an sclive fesistive contact with the user’s skir,
which eliminates the need to use o gel and the probleins assectated
wnhitsm. Skin preparmtions such s body hejr removal and

feaning rony be veuired b electromechanical skin
mnmmsammm,

By contrast, poncontact tiectrodes have been proposed that are

low noise b i hniques are required to avold drift due
1o the bias curmvt fwm the mput These disadvantages. indicate
that cupaeitive electrndes ave considerably Jarger, woisies, and
mere expensive than mcnhma( eir:cttedm
Daily life bioslectri fres & sensar that gives
the potentinily high usabifity of capmﬁw coupling electrodes
w}ule minins the tugh sensor purformance of conventional
O 1 i5 focused on the development of & novel
sensing method hat is capable of recording bioclestrical signals in

fi:oﬂu 2 sesistive contact mode and a capacitive coupling mode at

similar nofse fevels to commercially available electrodes, Previous
studies only consideredt hwman body-electrode coupling in their
designs, whick muximized the input impedance. We also propose
the use of noise source coupling in the sensor model, This modet
allows us ip optimize the electrode impedance: S0 that it is
suffiviently high to record bioslectsical signals but Tow enough 1o
rejuct external ¢1¢a:iml noise, asrequired.
The aim of this study was to develop o novel elesirode that
bined the capubilities of both the capacitive und the resisive

eapable of kchieving capacitive conpling betwie the dectrode
fead and the user's skin, thereby removing. the need for skin
prepuration ond sfectonmchenical sontiet with the skin, which
facititates bigh  usobiliP99, However, ultmebiph  input

fmpedanees (10"-10'" £ arc required. by the design. The

ultrihigh impedance input is highly snmpnb&e ] my
electrostatic noise that origi from the dings. Th

robust shielding, isolation, and curent. Jeakage p

electrodes by optimizing the electrode inpit impedince using an
priginel sensor squivalent sircuit, Qur electrade had to mainteina
fow noise chamcteristie’ that was comparable to commercially
available wet electrodes during BEG and EOG messtements. Our
elettrode aiso needed to be small enough for high-resofution EEG
recordings but casier to use than conventionnl electrodes,

Fivst, wedesigoed » novel sensor ¢ircuit model based on the

techniques are required 1o reduce the noise. Furth pl

idoration of the ek s P and the subject, whick
also d for the nojse sources and thelr capacitive couplings
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* Grathne Sehool of Systems and Informarion Enginesring,
University of Trukuba,
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with the system, Using this model, we developed a0 optimat
origindt hybrid electrode that was capable of resistive contact and
capacitive coupling sensing with an input impedance of 1 TR,
which is about 10°-10° times smatler then that proposed in other
swdies®™, Afier optimizing the system, the circuit complesity

Hybrid Resintive-Capacitive Electrodes for El

k and Blutroooul Hunowr A L. ot ald

was significantly reduced and the size of the sensor was
minimized, This -dlso alfowed us to build the first portsble
{28-channel high-resolution EBG headset based on capacitive
coupling electrodes. We ‘collected the frequency response, noise
specteum, motion artifects, and EEG and BOG biselectica! data
using our clectrodes, which we compared with commercisl
wlestrodes, The results showed tiat our original hybrid clectrodes
had 5 similar noise specirun to mwmm elecirodes nnd a Jower
noise sp than the el s proposed in other studies. They
were ﬂsn chpable of reconding dignals’ with 4 comelation
coefficient of >0.8 {n the sesistive contart and cepaeitive coupling
mades.

2. Bensing Method Theory

‘We designed our hybrid sesistive capacitive electode suck that
it could function a% a4 resistive contect ol de i

slestromeshanical comtact with the skin was not possible, Thus,
the electrode collected bioelectrical signals via capacitive coupling
if slectromechanical contact was not possible. Capacitive sensing
measures bioelectrical signals using the AC coupling between the
electrodee Tead and the skin. Figure } shows the equivalent circuit
for our proposed clectrode containing a human body, the
elestrode-skin signat collection interfase, the clectrade eircuit, and
neise sources. The total electrical current in the electrode input is
given by equation {1) as the sam of the currents from the noise
sovrees and the current from the bioelectricol signal, ie.,

Fig 1. Resistive-Capasitive Hybrid Electrode

coupling made, howevet, R 50 2y i highly depeadent on
Cuur. From equation (3), we may assume the presence of noise
seugces i the idings thet are 4 via capecitive
coupling to the input of e cireull, The bnpedonee berwesn the
noise source and the cléctrode input is usually myuch higher than
the impedance of the electrade-skin Intecfice, Theeefore, sipnale
feom the electrostatic noise souress may be amplified ag well asor
mmmmrmﬁmxrmma input
impedance is' excessively high. The effects of nofse on the
ultra-high fpedance Input may be strong i the electrude ninkes
dings using copacitive coupling sensing because 2, i

AR A AN AN AT
Rc zn'c Z:mi zuf

where Vi, is the bioclectrical signal voltage, ¥, is the electrade
input voltoge, Vi I8 the towsl nolse source voltage ot the
skin-clectrode surface, ¥, s the total M:sesumvelmg&m the
slectrads board, Zq is the skinsclectrode intefs R

already very high. Therefore, the input impedance should be sette
« mintmal value, whish is sufficiently high o dllow biosleoticat
signals o be recorded.

“A common ground sipnel between the body and the cireult i
produced uwsing & low impedanee Interfises, such o5 that found in
conventions! electrode systems: Better signel noise ratios are

is the electrode input impedance, 2 is the noiss mwt impedance
at the sdneclectrode interfece, and 2, is the aoise input
smpedones on the electroife bosrd. We can assume that the values
for Zuw Zyge and Zy are very large; therefore, we con simplify
equation (1} o5

Vi a««z&.v ~1~-§‘»V »i-—{{ﬁme sosesmnirre {2}

» He ZM el Zw
whese Z,,; is represented as
Zy= Rw-i R S0 Ip—— e (3}

where C,y is the capacitance, Ry, is the resistance between the
eleetvode and the skis, snd £is the sigan! frequency,

binined by mainteining s rabust resistive groong" %,
3. Hardwayre

31 Blecorode Design To messure e BEG and EOG
signals osed by medical spplications, owr sleetrode nesded fo
wrasure sighals with frequencies manging from 3 Hz 1o 100
#MUD e capacitive coupling mode. requires & higher
impedance then the resisiive comact mode; therefore, the minimml
it input fmpedance requirement is the inpat impedance v3ed
for the capacitive coupling measurements.

The capacitance of the skin-electrade interface in the caparitive
coupling mode is given as

C. -—-»s,acﬁg‘ {4y

wimc ea is the dielectric mmm In vacuum, & is the relative

memm(ﬁ)md{z}.wcmmfﬂﬁm“ : collected signal i the I, 4 s the electrode lend aren
is highly & dent on the impedi of the ek de-skin mwmmm,mmm&mmmmmm
interihce mdt&gmﬂ input impedance of the wircuit, while the } tead, As d fin the previous seetion, we da not

input impedance of the electrode should be considerably higher
than the imped at tie electyode-sh fuce, When our
electrode is in the resisiive contsct modi, -0 50 Z,,; is Highly
dependent on Ry When our electrode js in the capacitive

need toealeulte the noise signnt composents in squation {3
because sefting the input impedonce 8t & minbmel valse nlse
sllows us to pedforns nolse signal minbmization. Given that
P in the capacitive coupling mode and by inserting

{EE Trang DB, Vel ®, No®, @O0
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