Ry A=Y HAL OREHM 781

BENBEELFEL:. BREOERZIIOWTY, E%
FoTHHH TR i, BEDECRPEFOEEIZL-
T, BENEENELZLIEERBTA7-0TH 5.

YR EBETEICEST, YAZ LAV EENETH, 2
STV A RRFEZ —ER L 2 WIIEIRESBE L
1eDT, EBEIDLKEVWEELNEY 27 LALAED
LT LN

DX VKRB ESH ) A BEEEEIE-T, YA
BREZZETREBHRKREZREB L. FNFhofsR
KREBLY, FOREREZA2NF—FIIRLT, VAZE
A ER G L7

ERZEBBICEAN 2 FESEEIN TV EHEITIE,
ZOHRBNOBEIILY, NF— FORERENEELE
LIEEFITTI2 R L L7z, Bl R FETIIRERELZT
WoENZWNF— KiZonwTit, COBSTERLOHIR
(BRIEFIEOEFIPEEDOHELR &), BURHHEE~DRH,
EHEB 2 COHEILL D) AV BB EZHRDL & L.

HAL fBHE BB 2 N — Fid, “AEHFEZBR
MV EEE S HE Thol:, TNHLDNYF— Fiif
fRikEE “BAETER~OBER 2FHIL, TOBEWOES
WIZKoT, MEOET, BB, B 5 - RBoOBE, K
E%2 EDBENFE SNz

CNEDNF = I T 2RENRRENKE LT, “&
KLY S HEED, ANMEOHETDL M2 AEELR
REVT 7 FaL— 8 2FATHIE &, EHIT “AE
VAT AHBEOMMEIC, BMELA Ny -2 ET S
LT EMN. INLOREN LRSI, B
BRICEL2EEWNE (M / BEE/ AEOCERL B
FR) diEpiss.

ERICE2REMEL LTI, EEEtSbe CEST
HEIEZVED, BURSBEICED . F-RehoBelc
FHTAIDDA VA NS 7 ara—ARBEL,. T
NTOEREH LT, A VAN Iy a > OFH, SH
BOBRBRTYEL, BRBROAKIILI-TEAS ALY AW
BTEDLIEELT.

D X512, HALBHEOBE T, Teis «8
VAT LIRT AREFHMT L, CERICHE) TR ©
2RBICKRE LAV, HED» OLEHMAERICH)EAL

EBOBETITONZYAZ TERARAY ML b BEY
THY, ERSNI) A TERFEEILHIZES72. L
LEFLINLONEXBL TN~ FBRELTLE B
B, REHEZERTI2 L, SBOBERFTOR
FROZERLAKIEEIT> T 5,

3. TeBEECBERS

HALFBHRIEb - TWABELELEREO—D|12, B
—HERHEREE S D, TNET AT ARERT LI R

BEDRy bEREK 20595

AU POHBRLAESTHREBTAREET, 25 -REeR
ERE~OBITZIT) O LELREBIRTH 5.

H—iREmEEeEIc OV TiZ, FMEDA 2%V AF AL
WVIEA L EERIT % 1To TR L, &Et%ToTwna,
HAL#BHETIE, B2 R—% > MEOHEER, B&
UEERERICEI > TEBEL TV, BERIZIE, F1R2
J= R TR, VI 2T HERTWES,

IDE ) BRREMEIZE > THEISNAIRELIL, Hikk
% (Functional Safety) (IHINTWE, EEFBEENT
V5 ERHEE IEC 61508-1]1] i3, ReiErBET52 2
TAEZORBEFENH - TREERTEDEREEESH
BTH5D.

IEC 61508-1 Tl&, Y A7 L DLESHERESIEL - & 510
EULA)AZ7OBRITLY, Safety Integrity Level (SIL)
ZEINETE, B THNL SIL 2@ THELTY,
POBRRIIDOVWT “RHFEREREAKESE 2FED
LNLETTIFRIEPEREINTWS,

VAZTHRAAY NOFRDPE, REBEDVHEL 725
A0 HAL BHEHD ) 2 71%, IEC 61508-1 THEESNT
VB LNV E D ERro T FD720 IEC 61508-1 ~DFEE
ITEBEICIEER SN2V, IBEC 61508-1 ICE# T
WHRREREOMA L FIRIAEEIL NS,

B2 HAL BB 0o B—ER IR L F0O%D
BERBANOBATIE, “BRERELERAGES 2 T3
LIS L TwD. HFIC IEC 61508-5 4] T i3tk s
DIDDOEEDNTZEHENTEY, BEIIRLENE L,

BAEFEEFD “ISO 13482: /S—VFur 70Ky b~
DEEEK[E]” T, IEC 61508-1 % ISO 13849-1[6] i2
RESNDRELZLIIHETIERNFEINLRAATH 5.
B R BEREIL, 1SO 13482 ~DEED /20D b LE
LREEII R B EEZLNS.

4., HBERLIL K-> MNOTFEEM

IEC 61508-1 TiZ, SIL O TLRLHESE) BER L
V72T (“BEEER LHING) OEEERE KD
Twa, bLABLLIDI LTIV AT LAOREHEL: —
T2 IEC 61508-1 1B E Lz RE&ET Yy R— 3> FITHEE
TE525E, FOREIVR—-F U R AFAICEAT
B ET, BREYR Y AT 4% IEC 61508-1 1084 4%
T hBEEDNS.

L Lads, REBEREZET 50121E, Sect.2 T
WBALEIRYV AT TEAAY 2T NIERS 2
VAT TRARA Y POFER, TRy MZEV SIL 25K
5ND7% 5T, Sect.2 DL ) IEBEM LT EYHALE
DEDZET, Wl TRESILETSNA0 D Litszys,
EREND SIL AMEL 2 572 51, #BY7%: SIL n&RL T v
R—F P EREHERE LTHEETE AEMEND 5.

2011 F 11 B

- 155 -



782 o E 2 $ B

BEEXZITAANES—ABELLRE/ =V F LT T (K—
TAETTIRR) 0Ky hosSBETIE, BREREL-
THMT_ESILIISILIBELEZZ 5N 5. SIL3DE
EaYR—F Y PHFEFZAEL D, &2 SIL2 DY
DTHoTH (MMOTREHKLEMAEHLES I LV EIHRS
), TAICHETREIS D EEZ LN,

FEMORy MIRBETLIEET VR4 v POWEEE
BEZOLND, LALaPs, 5B Ry VARLO Y
R—F v PBSIL2 LIRE LA, HIEROT7—557
FEPCTH+—V P LI A IHIBERTLE D,

TA=MMLT R IREEEEROELEFELT
By, BHEEEL CEIHEN2ME BEEROIAMNE
EV 2B RATERERLTVAS. ZIRALEELT
BEL, RETENLELREFHOLRy MIEHEIZ) RS
LD BHIBEERS.

HETEIX VAT ERRT 4y bONS VY AZHW-T, %
CHERLERSEILENH L. b LEBRET VF—
AYPETAF—N I FLS R0 E 1 ZBIRTE HHEEN
HIUL, BEEIL o TRETEZBHEANY, TAMEN
BWEEZOLND.

5. & bH 1

HAL BHEGBHES RO DY, FoRelhE ok
IHREL TV 2IMEREOBLEF VW5, HAL
HEICBITAEEHEMIE, FRENLRERENE, BEIZLS
ReRE, ERICLI2RENE RBICLINEDEHE
HTToTwna.

=V F N TuRy M, EROEEREHCTI Vb
CLERY, ABENF-FrOEHBICRETE RV A
TLTHE, FORDYATLERIITTEL) A 7TELA
A MIESCHEPLEL LS.

VAZTEAAY FNTIE, NF—FEFRIIHT ) R
TR BEICET 5 BEOMRESYETH L. EERT Ry
FOYAZTEAAY FTIE, NEBBELTELERETF
5, 3 %L IEC 60601-1(3] IR LN B EEEEZOM
RPFHEZZ NS, HTHBEORY Ok TIE, #
ROEBEEHE IS0 103287 bBEIL 257259,

W=V FNrTaRy PPEFMTLH-012F, VAS
TEAXY MIEDCHERZITY, BER—VTFVTT
TRy PETHICRETAILENS L. HERea L R—
AV IOBEHL, FNAPREATEEL UL, £ OBEE
WEERNN=VF VT 7Ry VEBESIIHETESL LD
Wlhb7259, 20L&, L0 EBR/IS—VFLTT
TRy ARG E LCHEEL, BEEHORY MIESKkE
BHBIIEAEDOTIREEEL T A,

B B AL, NEDO LY CYBERDYNE ##4&
HEFUEREDVPZFELCEEFEZE Ry VERE7TO YV 2

JRSJ Vol. 29 No.9

E X

I
7 FDOERO—ETH 5.
z £ X &

[1] IEC: IEC 61508-1 Ed.2.0: Functional safety of electrical/
electronic/programmable electronic safety-related systems—
Part 1: General requirements. International Electrotechnical
Commission, Geneva, Switzerland, 2010.

[2] ISO: ISO 12100-1: Safety of machinery—Basic concepts, gen-
eral principles for design—Part 1: Basic terminology, method-
ology. International Organization for Standardization, Geneva,
Switzerland, 2003.

[3] IEC: IEC 60601-1 Ed.3.0: Medical electrical equipment — Part
1: General requirements for basic safety and essential per-
formance. International Electrotechnical Commission, Geneva,
Switzerland, 2005.

[4] IEC: IEC 61508-5 Ed.2.0:
cal/electronic/programmable electronic safety-related systems-—
Part 5: Examples of methods for the determination of safety
integrity levels. International Electrotechnical Commission,
Geneva, Switzerland, 2010.

[5] ISO: ISO/DIS 13482: Robots and robotic devices—Safety
requirements—Non-medical personal care robot. International
Organization for Standardization, Geneva, Switzerland, 2011.

[6] ISO: ISO 13849-1: Safety of machinery — Safety-related parts of
control systems — Part 1: General principles for design. Interna-
tional Organization for Standardization, Geneva, Switzerland,
2006.

[7] ISO: ISO 10328: Prosthetics—Structural testing of lower-limb
prostheses—Requirements and test methods. International Or-
ganization for Standardization, Geneva, Switzerland, 2006.

Functional safety of electri-

Wi#EEZ (Yoshiyuki Sankai)

1987 FRBEKREREBETEFERMET. T8
HLEUS %, BRZREIIMER, JUEkE
WRE TS RBIF, B, Bhd%, KE Baylor
ERASFEEBHIZ. 2003 £ & ) HERERE
ey A7 LERITEMEREIF. HrEarsas
(#4322 A] % 53R, ##EP. G-COE %
A=y AEBRILE ) — 5~ FIRST ¥4 /8= 7 RAMLEHIEE.
CHERBBHEERETE. (HATRy FELELE)

$BEEX (Cota Nabeshima)

2009 ERFAKFERFERIERB T AW RS
TERIEET. L (FEETIE). 20004 LY
CYBERDYNE MR &SHIIEE. AV EEAN
BIET 5 AW X LDEBYF—<i2, B
REFHORy P OREFM ORI
e = H NEDO HEXZBULRy MERLPI £F
EH#% (CYBERDYNE). BARDKRy FZ&FEERHE, IROS
Conference Best Reviewer Award.
(BRuFRy PELELE)

FZAGERR (Hiroaki Kawamoto)

2004 EFFERFERFR Y X 7 LFERTEME
BELERET. B (I3). 2005 £EK
Bty —EFRHI Y —FL YT b7
BT, 2008 FE X YHEARFEY A7 LERITE
R, AFER oKy b, SEEE)H
W AHEIIE. BEABMELSED0S
B HAEAOXRy MEKRXETE. (BXOXy F#4T4E8)

Nov., 2011

- 156 —

&



439

AAERESRIE CHR) JRE 54T No. 2010-JCR-0205
77 % 774 B (2011-2)

HiE - HEEOHHICKEN B P2 EENHERED
HETESHELHTIVAN

MAEH, BR 22, 1LiE 2

Intention Estimation and Walking Assistance for Severe Paraplegic Patients
Having Difficulty in Controlling Neuromuscular Activity

Tomohiro HAYASHI *!, Koichi IWATSUKI and Yoshiyuki SANKAI

*1 Tgukuba R&D Center, CYBERDYNE Inc.
D25-1, Gakuen Minami, Tsukuba, Ibaraki, 305-0818, Japan

Recent studies have revealed the importance of voluntary exercise in rehabilitation training after spinal cord injury
and cerebrovascular diseases. However, the voluntary exercise has been an impossible task for severe paraplegic patients
who cannot move their lower limbs by themselves. If a robot suit can assist walking of such patients by estimating their
intention from neuromuscular activities, it can provide an opportunity for voluntary exercise to them. Because the patients
have difficulty in controlling neuromuscular activities, the robot suit is required to estimate the intention from deficient
neuromuscular activities and to execute gait motions in place of their paralyzed limb muscles. The purpose of this study
18 to assist gait of severe paraplegic patients with the robot suit by estimating their intention of swinging legs. To this end,
we developed a method to estimate the intention of swinging leg from both deficient bioelectrical signals and foot-ground
reaction force. In order to move a patient’s paralyzed limbs, we combined the estimation method with an autonomous
control method for the robot suit. Walking trials on a treadmill with partial body weight support were performed with two
complete paraplegic patients. The robot suit was able to estimate the patients’ intention from deficient bioelectrical signals
and to move their lower limbs. Consequently, the robot suit succeeded in assisting gait of the patients on the treadmill.
This result shows that the robot suit can provide an opportunity for voluntary exercise to severe paraplegic patients having
difficulty to move their lower limbs.

Key Words : Robot Suit, Voluntary Exercise, Neuromuscular Activity, Bioelectrical Signal, Intention Estimation,
Walking Assistance, Paraplegia, Rehabilitation, Gait Training
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Fig. 1 The load ratio between the left and right feet (WLr) and thresholds (S) to estimate stance leg(s).
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Right single-stance Double-stance Right swing
Left swing Left single-stance

Fig. 2 The three gait phases defined to assist the lower limb motion.
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Fig. 3 Phase transition conditions. WLr means the load ration between the left and right feet. The thresholds

for the trigger bioelectrical signals are determined for each leg.
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Back view
Harness

BWS system

HAL

i
:Fframc
W

Stabilizer

Without the stabilizer With the stabilizer

Fig. 5 Stabilizer to support the load on the HAL. Fyame

shows the force acting on the frame of the HAL.
Fig. 4 A snapshot of the BWS treadmill walking trial In the absence of the stabilizer, the ankle is rotated

using the HAL-HTO1A. by Firame as shown in the left image.
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LEFT

RIGHT

Swing assist

SP1

Without
exertion

Bioelectrical
signal [uV]

With
exertion

Bioelectrical
signal {uV]

Time [s] Time [s]

SP2

Without
exertion

Bioelectrical
signal [uV]

With
exertion

Bioelectrical
signal {uV]

Time [s] Time [s]

Fig. 6 Bioelectrical signals measured from SP1 and SP2 during walking. In the trials without exertion, the
HAL detected the wearers’ intention from the Wi g only. In the trials with exertion, the HAL detected
the wearers’ intention from both of the trigger bioelectrical signal and the W g.

5 N veloi)e of the bioelectrical signal
R,
% 1 J?xl‘ hhll | ”ll:'jl(pl’l':lklﬁth". *M‘, }i.“.‘_.. S J,l}vl’:‘ /
= 0 Baseline o L ‘

240 260 280 300

Envelope of
the bioelectrical signal

Bioelectrical signal [1V]

0 T
® 3
£% 2
L
L5
g5 1 l\ /‘!’\
| o Lh L )
266 268 270 272 274
Time [s]

Fig. 7 Example of the trigger bioelectrical signal. The data were derived from the right leg of SP1 during
walking. The top low shows the envelope of the bioelectrical signal and estimated baseline. The
second low is an enlarged view. The bottom low shows the calculated trigger bioelectrical signal.
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4r "]

2+ m <—threshold [/"\{

[ s

i mvoiuntary
di \4f /)W\ ]

Left
Bioelectrical
signal [uV]

Right
Bioelectrical
signal [uV]

TS Iy

Left/Right
Load Ratio

Fig. 8 The assistive phase determined based on the trigger bioelectrical signals and Wi r. These data were
measured from the BWS treadmill walking trial by SP1.

LEFT

Angle [deg]

Double-stance

RIGHT B Smgle—stanc

Angle [deg]

0 2 T4

Fig. 9 Measured joint angles during the BWS treadmill walking trial by SP1. The time of this figure
corresponds to that of Fig. 8.
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