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(41st Biennial Convention) PURPOSE: The purpose of this study was to investigate the relation
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Background: Patients who undergo surgery often experience acute psychological distress
during the preoperative period. Previous studies have shown that the visual analog scale can
effectively measure preoperative anxiety, but the relationship between VAS and physiological
alteration has not been fully discussed. METHOD: A hundred patients undergoing elective
major abdominal surgery scheduled to last two hours were prospectively studied. A 100-mm
VAS was used to measure the fear of anesthesia and the fear of surgery. The degree of
vasoconstriction was evaluated by the parameter of forearm skin temperature minus that of
fingertip. Heart rate and blood pressure changes were assessed by the difference between the
baseline data observed at admission and that observed before induction of anesthesia.
RESULTS: The median VAS anxiety scores were 40 for fear of anesthesia and 48 for surgery.
These results correlated well with the degree of vasoconstriction (r = 0.682, p <.001 and r =
0.627, p < .001). Significant differences were found (p <.001) with changes to the heart rate and
blood pressure before induction of anesthesia. DISCUSSION: The results of this study suggest
that using VAS to assess preoperative anxiety may help in understanding preoperative
physiological alterations. For future study, extreme cases and effective methods for reducing
preoperative anxiety through physiological alteration will be investigated.
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BHIR Y FIZRGF FRIBELEL T IEMERORE"
R, LRER, BAERTE KB E?

An Attachable Standing-Assist-Robot to Motorized Bed

Takeshi ANDO"', Kenji YAMADA, Sachiko SHIMIZU and Yuko OHNO

"I Osaka University, Dept. of Robotics & Design for Innovative Healthcare (Panasonic), Graduate School of Medicine
1-7, Yamada-oka, Suita, Osaka, 565-0871 Japan

We propose and develop a standing assist robot, which is attachable to the motorized bed, for the elder at hospital
or home. Especially, the target user of the robot is the elder who can walk indoor independently, but can not stand up
because of his or her muscle strength ability. The developed robot has three degree of freedoms (two active joints for
rotation and translator and one passive joint for the rotation) which promote trunk’s forward tilting and elevate the
center of gravity by assisting to extend the knee and hip joints. We confirm that the developed system is attachable to
the typical motorized bed using the space under its bed. The myoelectric signals of Tibialis Anterior (TA), Rectus
Femoris (RF) and Erector Spinae (ES) are measured to analyze the effectiveness of the developed standing assist robot.
As a result, the myoelectric signals of TA, RF and ES with using the developed system are about from twice to three
times smaller than those in normal standing. In addition, the myoelectric signals of RF and ES are the almost same as
those during the walking. In other word, it is confirmed that the burden for the muscle is suitable, because the target
user can walk and can not stand up. Therefore, this result shows the effectiveness of the proposed concept and
developed prototype that the robot is attachable to the bed.

Key Words : Medical and Welfare Assistance, Welfare Engineering, Nursing Engineering, Standing

1. #& 1

iR CE LS D P T, EEE IO D EEORBRIC BT AEER L OO = — XNFEF IR E
K BoTW5, RENT-FBHEMB LONEEOZEOFT T, BEED QoL FHAMRICH LI H7-02iX, Hillv
FEOESAEE, FICASBHOBENEETHD. BT, BN #iiRir PSRN TOBEZEZD L, AMSE
TEBOBRITIEFICRE V. 2L, SMTEEEZIT I ANCIEE < ODBEICRWTESIEEZ S Z &, BHTH
EXL 0 bRIEWED SR TRA~OEERKENWIE, 2BETH L, BUMICELEZTIORNLMINEL SN
TWA. BT, R To YA UHEAEREEN TWBERIZBWTIL, HFER RN TORy Finb o
SIEEICE T 5 = — ANFEEL TN A,

RTENEL TIBT HHESE LTRBEDNTWE0N, FTHI0HT8RETHE. TN bIL, (KM CRE
B LT, AMREVWEWIFERHSD. L, ERCETYOHMTROERPICBIT 2EBH bHRESH
TEY , ZREOETENLTHAEIEIEVE. 20X RERNLEL ORMIERR Y hOFIEHRENED
BNTWA. LA BIE, BFHO0RSTESF B E LT, BPEEEERTETS 27 5% L THED,
F77, Ny FRLOEMARMEE LzbOL LT, #6000 690, $4788 L B XBHEEa e v R

Y ERST 20114 10H9H
TER, KIRKE KYBRESRMER AT 4 7 A& T A B LR (Panasonic) SLERFFEEHEE
(T565-0871 REFRETTILEL 1—7)
T RERKE  KERESRMSCRHREEEY

E-mail: takecando@gmail.com

— 151 — ©12012 The Japan Sociely of Mechanical Engineers



BEINy FIZBA T ARSI TSR ORE 152

TAEREL, BEMIELATIEEMLLIZVAT AZEEL TV, FEDIT, Ny REHICHE L —
OEBNC LY BHEFEZIT O 72 CHPRIELIC X D@ BRI TX 2 1) 2o B8 B% LT 3@,
INODUVAT LMTEWESLZEENZAE L TCOED, HERREBEEMG L IMEAZEMESEL 45, FHs
R EFBRCE L DL DBFEDIRENTEY, P RZEMER>TNDEIENRZNDT, ZDOLH R AT AR
RENAES ZENEELL, HBF~DOERBBREN L 2o>T D
T I T, AT FOEM A R ARBRIIERT 5 2 & THIZRERZEREZLEL LAy b DR T
BWGRERRT D L2 AMET5.

ARFICTIL, 582 BICHUV TR 2R X EHAR 2 H 4 /BRI O THI L, 83 =0l s
DAL B IUBRREEGEZRRS. ShIT, H4BIBOCHRELET o N ¥4 TORESR, E5%,
RICOWTRER L, 5 T\ TREHFIC L 2 BB O % HaE OB SN b EER - @if+ 5. 5%
12, BoEIIBNTIREmEBELDRARS.

2. HROER—UBIMEREDRE

AHFFETIL, BB ETEMBMTIIFRETH D, BYBINEHCHIEBREDR, FEEOmEl & C
BEIy R ofEyyd5—2XEues45.

EEEDL S LR VBWERITZ R RPEAD 1212, FTEREDDETFTARTLNEO. “iuirh 2y )]
TERBATENER & LIZRRVENCHT BB TH Y, FTEROMBIZLAEELO FHBENE LG HANE -
RENHTHD. SIH ERDOITHEL IR BBIEE— A v MITRAXBIM, KRIEIT200[Nm]3E & ShTHhY,
BATOLI0Nm] & FE S 2 LIFICRE L, BRMOBOBIETH S 2 LR8bmnd0. #2121, TROMESEL
fBEgi O R & BRBEEIOMBEEIEIZ L viThbh s 2, RELPPEBELODHREIC LS &, BB L R E)
{ERTHERE & NRTREREDIRBIEIHRNICH BRI RV EHE SN TWS. —F, XHELNL, BoMmRARSHhE
DML ERVEHEORFICRE S Do TNDZ EERLTWA. ZHEEE EFBEN RS EE2 021
HOMETHL ZLRRRTHD EEZONEY. £, BHERGED 1 0 THh 5 AERIIGES SEHED R K DH|
REFELRS>TNDEVIREE LT 2. Sbic, TELPz LT, B REN BRI RIS A T A
RORELRDDT, BOMBICET 2B 0N BEERICLERG LY KX AR AEICAE < Eb
S2TWBEERA.

FRERE DR L BRI R L OB TAEDOBRICOWTIL, KEOAERAREEL NS L LRy /T
> TWHP. BITICE LTI, SREBES I 025kgke] (DL, Y72 O ICUERBE OlT— £
Y NIEEICESEFETOOT, AECERMELLAEEZRVTERTL L LT 5.) U o2 ToRENENE
ITAREL 2> TV DM, —2, ENLICBIL TIE, BB 7175 0.30~034[kg/kg] DEBRE D 9%, 0.25~0.29kg/ke] D
BFE D 37%03 0.40[m]H> B DFESIBARTREE SNTWS. Zh b OO ERMERS BT 3R AER L
BTAEOEIRNOEMT 2 L, BREABEE D 7.5%%, BT TH DB RRTLETH D - L0/ B.
SOOI, EEBPMR CAEEE LUV DEMEEEET D &, AEHENEIGTRE L 2 A HEAZITFICSL 21,
AT LR Bfed [BAMTIIFRECH DB E RIS EEE Th D EkE 0, EELRER CIoBlT 385
Ny R b ORI SHEREER ] OBRITIEFITRE .

3. BUXERBRORRES

1 ETHRATENEEE 2, AR CERT DR TR OBRESR L FO3 AL 15,

(1) BEEOEE~y FICBMHTRETHD T &

(2) BEFOREZEMEBEELRN &
CBUE, BRIy ROTOZERT v RAR—RERoTWEDT, BTN L OCEETS DS Ry
RTFZEMICIHTE 5 L 9127 5.
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(passive)
Mattress

Joint3
W”( @ oin

Mechanical part
of motorized bed

=1

Joint2
(active)

400

95 '
200

A\ Jointl
? (active)

200
Mechanical and electrical
parts of assist robot

Fig. 1 Space under the motorized bed and concept of the developed standing assist robot
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(3) MBI I ¥ 2O TR, HAMREYAZHFESTL L
BN L BE ORI L ERT AR FEMER SN TWADR, — BB H# iR L O #ELIC X
DESLZRICHEWN Y, R EOBBRIZEVXBTIRORT 4 A =7 A2 EETHVLEND D
729, LTLHLBEEMCERE (FTROBEIT—AY MRS D) RESLEITRBR. —F, s
AWAHAICITBERNR BESLZITVR TV R AT T 4 v 7 ORSN FEZERTX 20T, BREOR
FHEEER DI RICTTERA CE DR AT L LT 5.
CESIRFICRROARM & 2 DRBEETE— AV 2B S E L LI EAZAMEL, BHE - IRBEEHEIC X
O EROBER, &5IIFELE RS9,
- AMEFHEODO 1 BEE, ELEROZHO 1 BHEEXZET5.

(4) BEMERSHDZ &
XY AXERBIZL VBB EZHET S, 2770, BERRCIIEEEAEFN N DTS,

4. 7o bs 4 TnRS

X 2 \ZBHFE LTS g s 7 a v 2 A TR R LZ. T, BITRLTE LS ITEEBNR y NIZBRFHTRTRET
HDHT L EMEERLT-.

4.1 HER

BA%E LToESISEMERO BRI SA T3 HHEL L, BB 2 LZBRE 1 > bk aNn5. aifEs
FETLEEL, 727Fax—F 1% 2005 L, EENCL VB 1 (T8 : 0~45deg) *EliE&SE2 - &
TITH 2 &L Lic. B 1 OREEAEIIn —% ) —x v a—F (A R T o=7 Y 227, UN360, S5 HRHE 0.5deg)
WCEVESR LI, £, ERBEOENEZFD LT 28EL, 7/ Faxz—% 20REEGEZ A IV T~V MILY
A=Y (R bha—2298mm, U— K 10mm) [ZEEL, BE2 Z2EBMSES L TITFI &L L Zhic
£V & 1% 400~800mm DFEFH T ETET S, —F, BB I/ Sy T L L, BFETHER Ny —4h, R
TV TF IV e Y (0~85deg, R MV 49Nm) 12XV, SIH ERYEOBROERBICLLH L)L
7o, RIEEEIL25kg e oTz. K1, BR2WFEALET 7 F2ax—F1BLOT 7 Faz—% 20HEE2ZNE
oRd
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Joint_] ————

Motor_2

Motor_1

(a) Side view (b) Front wiew

Fig. 2 Prototype of developed standing assist robot

% SO 7 P

Fig. 3 Attachable ro

y,

bot to the motorized bed

Table 1 Specification of motor for forward tilting

Product maker Tokusyu Motor
Output W 8
Maximum axial thrust force kgf 40
Rated rotational velocity rpm 7500
Reduction ratio 1:30
Stroke of slide mm 100

Table 2 Specification of motor for elevating

Product maker Oriental motor
Output W 200
Rated toruque Nm 0.65
Rated rotational velocity rpm 3000
Reduction ratio 1:5

— 154 — ©2012 The Japan Society of Mechanical Engineers
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DC12V
col:'!(\:/.eorfer Actuatorl |—  Encoder —< C;;‘a“::' > Wind:a o
Core2 Duo
Relay circuit /—I;B_oa:-d—\ 1225:;%:1
AC100V PCl Bus
V Motor driver

Actuator2

Fig. 4 Electrical system

Phase 2:
elevation

- Phase 0: Standing Phase 1:

start ; 3 : : : s
height adjustment intension forward tilting
L The Position control  Velocity control

Fig. 5 Control flow chart

4-2 BRR

BRADYV AT MMEREZK AR LTz, T/ F axo—F LIIAEHIEZITo 7. =2 a2 —XEIZ PCl A ZAER;
DA T Z—R—RIZEY PCIZANEN, DAR—RIZLVERL 2V DA o F o NI VE#EZT-7. 72
Fax—~& 2%, T—F NI \Mhbra—FEEHAAKR, DA R— REN LI ERSICESW CEEH
HE1To 7.

4-3 HlfER

BARE L 7o SIS ar OfilfH 7 m — 2K 5 1ZR Lz,

E9, Phase 0 & LT, SEHEESROEER S AFANCFHIL-ERAZFOBR TR I LE LI RDLIICL, oA
FENKIO0[deg] & 72D L DI LT, D, SETHAZL HICAERITIH T THRIZOEENH A ADNHEE
HEMZRNSENTH I A2FET D20, HEREICEIOEENH DI LR L, EEORYTEIIBT
T5. 7220, B UEREZRTEL, BEIC2»2AMIBREL Y /NS 2o HBEIE, BIOERIH S L
DE LTz, BIzIE, FEkbE OTFBER (57kef]) DADBK 6 IR LB OREN SRS LIz X, 77 F =
T—% 1 DS fronaorr=80[KeL], A Openuaron=28.3[deg], PR > & ARBEEN E T DB Lsesr 1y =210[mm] 2> 5[] 7(a)
IR LTIEDET VIR DXBEEOET—A L MYV EWVE Y, EEIZ))D 1 47kef] (DF Y, BEIZHIH)D
T3 10kef]) Lot b &Iz, BYOBEEEHEERL, Phasel IZBITT2b0LR5.

Phase 1 Cid & 0 A~OAR AT 272010, BIZAHEEART L O IS 1 2EERS 872 f% 60k 5 L
MHERDANRAREEI R GRWFHTTE 2R Y TREEZ SE-FRBRW. #BRE 2 £12% L CRIEAE D
% 20[deg] F TEAL I W5 PHEREIT o712 & 25, BHEA 7[deglbl Lic/ed L, RETHRIBARLLENH S
&, FRANCEDLEIBRARERER LD Z EnbhoTz. ZhE D 7deg LR THIIE, TEEZK LD Z &72<,
F I ERENCEALRIE 2 RO EM /e <, AMHIFTRETH - 72D T, Phase 1123V Tt 7[deg] £ CTRIMEAZFHE L,
EOBELVPBREMIES XL ZosE Rz ra—FEL2RAWT, AEHIEEZITS.

S 51T, Phase2 [ICBWTHE, BREEICASWEELORIZ ERIWD1-0IL, 77 Fax—4 2 2EEHIE
L7, HERMEITIEREORNEE 222 ZE L, S0mm/s]E Lz, 72770, KR EFEITERNzEHL
T REERR S & L, @S L7z & S IBEANTRIC Ay VTS THAEE 3N 5 X 512 L. 77, $FT Phase
2DBRFICBVWTREIEKEDIZEAELBITT DL, BEi3OETHICLY, BEIES bLHAHLIICL
7=. Phase2 (2B T, B2 WESET D L — A0 B, FRICREBELZY Sy PAAM v FICEV T/ Fax—
Z 2 e IR XHTE.
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(a) start (b) forward tilting stop (c) elevating (d) standing

Fig. 6 Movements of human and assist robot

h—‘

f hip f actuatorl

v Lchair_hip /

Oactuator / actuatorl

(a) Estimation of hip contact force (b) Estimation of knee joint moment

Fig. 7 Rigid links model of standing human

% Phase IZHBITHE—ZDHlEZ2 T L DL LEUTDO L ST/ 5.

Phase 0 (IR SFREE) : 77 Fax—# 2 OEERIC X AEHi 2 DEENC X A EEES FT

Phase | (RMEREE) : 727 Fax—% 1 OMRBIC L HBEET 1 OEERIC L 0 AHE ((CE )

Phase2 (BOLLEF) : 77 Fax—4 2 OEERC X 2881 2 DEENC K ARTH~OEH HiF GEEEHIH)

X 6 (RN HRFFON EEEROBIE 2R L2, 12770, BIEAbn3 L2107 37-H10, BEEIRy R B
DHL, BERBUATHER L7z, (P8 SHEROESETHY, (b))SFHE 7deg TORETF TH Y, EHMSHHEL
SREBALIE R (a) L BT D L REKHIFICBEI L TWA Z L BSEERTE 2. 20%, () CT 7 Fax—4 2 )3EE)
L, BELz LR SE, REOTII NNy V7 3 OETAC I VB BEI M LHESL TN,

TIT, BEMEWETR S B ETHRROBEE T A L b REETS. AMEERTO LSRR, T, k
KR, AREEDOHERRESND ARHEY 7 BT A TEZD L, KETEELISNZBEEEY DF— 22 N Mo
Nm/kg 1%,

Mipee = ( Mk mlotal)g (Iupper c0S(Gnee - ezmlde) ‘llmnkicemer cos (ehip - Gnee + eanlde))
+ (muppe/ mlalal)g [uppericemer cos ( 0knee - 0ankla
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Table 3 Mass and length of rigid link model to simulate normal elder

Py %0 58.8
Mypper Yo 9.2
Lupper MM 386
lmm/(_cemer mm 464
Lipper comer T 200

EVHHTERENS.

T212 Uy Mt Migper Mo VIR, ERRES, 28 OBR, Lyper, lunk comers lupper comer 13 EBER &, BXBIEAFOA G
JAAMELE COEE, BEETLD ERHELCE TORSE, Gup One Guw. (TIXEEAE, HEMARE, 26
B, gl ZEIIEE L L. '

7o, AHEETIE, BISIITENEEROEERE OBAENEEE T2 L WO REERIT S, R3IR LI
(16)>HEH L&l O E, GRAN»LEH L-EREOFHY V7 &, VU 7EMIE, Vo 7EHE
BIO, MThLHEH U-PEERAE (G, =63deg, Oue= 86deg, o= 89deg) %AWV CTHRERELHEM T L, KE
THEHEL U7 JEBEERE — A > NI 113 Nm/kg & 72 5. Gy, = 90deg, G = 90deg, Guue= 90deg & 72 2 T HENL L85 7)
5 BEEREER 21T o 72 & X ORERIEIT— A > NI 240 Nm/kg & 72 A DT, b LRHEFERZICE.O EFEEL A
+, BACEEHIR T A BEA BT, BA0BEEH SB3% R TE S Z bicns. BRELMICLS L 105
Rt s B ORBME L7138 1.7 Nmkg THDH 0T, EHEEE O E 1L Phasel DADIETILH L
NDOBWERZITT 5 2 L CBE LT AARIEIZ R V. 12720, KELODERARBICT 2HEICE A L, &
SIREREE D B — 2 ML FEHEIT 0.43£0.18 Nm/kg & 72> TW A DT, Phase 1 DF& Ti72 < Phase 2 IZFR VW THE
RAEEE, BESMBICLABEOEAEZXEL, BMICKVERBREET— AV M RERT A2 LERHS.

5. REIUROHRFEE

5-1 SEERER
AECHR LRI TEERO S0 N A TERAVWD LT, ERICESIZZETE A0 EESAROL L
LB ~OAT (EEHEES) OBANGIMETIZ L EERETS.

5-2 EBAE

(KT RIp HAEERER A 34 (#1: 1.70[m], 62[kg], 27[yrs], #2: 1.84[m], 61[kg], 23[yrs], #3 : 1.73[m], 63[kg],
25[yrs]) ASESNEMEZITV, TOL EOHEREFEEEZFHULL.

FEREAIIBETE U= B & IV COESIENME, T AV ARWIEE ORTEEEZ £ e 5 8T 21T o 7.
£, BEOLZDICEMST1 05% 558 TTo 7. BIMEMERORREET~OABITEDMEOMEICRE
BEZITS. AT, ROERNRRIEL LT, BRESMOMETHICEEEN< 5 (37724 Phase 0 DJE
T STHEIC LV IRAEN 90deg 12725) L OICREMET AL S IC#HBRE TR L. —F, FIEL TR
iR E Lieho Tz,

M8 IR Lk 9 W BERITFNFNORITICB W TR EEICEENENV L E 2 bNAEADORTEER
(TA: Tibialis Anterior, EREIOIFHICKE < BET 2 THEEOM), KEREAR (RF: Rectus Femoris, FEBIfIS
F OB OMBICRE <5 T 5 ERREEm0FF), FHALSIA (ES: Erector Spinae, FERDOMRICKE < 5
BIKEASTER ORR) DOF 6 WETICEEBIEMR (A A A N U 7 A%, (L8R, EAMEERE : 20[mm], V7Y H
W 1000[Hz], ASA =& 2100[Q)) 2R LEHEIL, F—&ub— (SAFA M) I 2%, 7Y
v 7R 1000[Hz]) 1ZFEek Uiz, 7, FREEMRITABHEE THICAET Uiz, 72720, SRR ISR
BABA TN L AR L.

FAMOTMEEE L LT, BOHE (GEMG) & L. EomEME, X Q) tREIhD X ) ICIEE
BIZ BT B ERE B ORIEOEIHEO & B ERE TR LI b DT, it & HiRBIC B RBERR S 5
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Tibialis
Anterior

) Erector
Spinae

Fig. 8 EMG-measured muscles

0D, RO BRHARETMET 5HEEE LTV LA THS.

Ted  llemg(t) n/(T

iEMG = t=Tseare (2)

end — Tstart)
12T2L, emg ()IIRFA 1 123 2B BIFBEDOIRIBE R L, Tuan HALSTEWERIARES], T, AR TEIER TR & L
7. BRARKFZ] & T RN IAEBRE SR LTV 3 ON - OFF A1 v F Iz L D HIE LT~

7z, HEFEHIIEBRE, BEALE SERERCICE > TELNARBEICKE 2ER M3 HIC, BISEE
i, RERELRS, FAEE LA ORKBERIAE (Maximum Voluntary Contraction: MVC) D 5 85/5 542 L, 7 (1)
& 015 DTS ERF DR S B BAL IEMG % B RBEE IR OFE S BAL IEMG 1= & 0 TEHUE U= BE40 B
HIEMGYMVC 2RI L7z, 12721, BRAMBIUROGERE S, HRENMTICHEL, REGLEE LS
PFCREM % 3 DMBAIRICE R S ¥/ & X ORTSEE, AS2HT L BEICEE LS ETRADH T 3 O
B UL D & LTz b & ORBEER R & O3 BRI T4 @EICIH Lot - & X 0BRSS HEHAIL 7=

B, FEBREICHLTCL, ERANCA 7+ —A K- avwy N 2ER.

ERHIRT OE B, AISUER, KERER, FHEECHZATNCELT, 35044 (ML 53y,
IR LIESL, #B1T) OO EMRIZENT, VIR LEROH 55855 (ANOVA with repeated measures)
ERit#IZ, 3 OOFRMHERDEZEZ Bonferroni £ LV SEHE LI, 77, HEKES p<0.05, {E#EXH%
95%& L, MfARREL L.

5.3 EBER

@), (DIZKIRMERZ AV OESIBIERE, VR o7z & & ORSTBER ORTSEE 5, KERESS, T
OB LI FHBEEO—PlEZN TN R L. EbOL0OHAICE, RERTERICITEEHINEEL, 20
BHLEFD T2 & &I, KBEHB I OFEESIHINERICRA LTINS = & RN ERTX 3.

E7e, WOHEN (EMG%MVC) ([CBIT AHREREK 10 1R Uiz, FHEREREETRT L, FSEEmIcEL
T, SHRBEUAEST @ 0.06£0.05%MVC, XEA Y F23L : 0.04£0.03%MVC, #4T : 0.1120.05%MVC & 72 o7-. K
RREAFIZBI LTI, SCEBEE UL : 0.27+0.12%MVC, A D AEST : 0.15£0.12%MVC, B4T : 0.17+0.16%MVC
Ligofe. FHHESAHICBIL T, B UEST : 0.61£0.18%MVC, STHEAT Y ST : 0.34+0.19%MVC, #4547 :
0.31£0.05%MVC & 725 7-.

MAHLERICRNTIE, KREEEMICE T 2 XBA Y #2571 & BT ORI L ORI IC 31 2 A 0 kN & 4
ITOMLSNTIY, BEEEHRTDH LN TE.
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Fig. 9 Myoelectric signals of left and right TA, RF and ES muscles. Note that time is normalized by standing time.

0.9 * <0.05
§0.8 # Normal standing
§O.7 m Robot-assisted standing
0.6 Walkin
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gO.S
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Fig. 10iEMG of TA, RF and ES muscles. Note that iEMG is normalized by iEMG in maximum voluntary movement (MVC).

5-4 ERER

ATEREAHICE LT, XM ES LIV HAERN 2/ 3ICRBY LTWS. $£7-, BHMTROAMN R
REMpoTRY, XBRBEFESTBE, F0OKM1 /3L TWA, AL G TR AR EE 2 x5 L
LTEY, BITEIVEAREZ-TWAOT, EESOHAFOB AN G ITRESTEBENRTAREETHDI EWVZ D, -
72U, KFOIILH BV ORIEBICEDDEEN & LT, TREHAPLSC S BEESE a2 H 5 L L
TS, EoT, AEEROBICXRE LV 3R 2BICIE, BIHZEMAREKSETH A Icn, EE)
FHIRERISNETH 5 RBEFE B ATRIC OV T L EETILERD .
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REREAFICB LT, XEHEERAMED Z LICX VAR 1/ 2I2B LTna. $7, e s vy
RLSZENE &L STBMED AT R FIRREIT /AR > TWA Z E0h, %8 L3 28T LT, SRk ahe/oibn e
AMEET L Z LN TETVDZLNDD D, THIIBENSEMICTET 20 TIEA2L, HETHBRMIC
ESCTBVEZ AT L22T TN T RN Z L 2R L TR Y, EREGRER GREREE: Y A AEOENENMETIC
LY, BOMEHL, DAEEEOET, 188, FR0M O O CEHIERICEN Y, BEEoRRxAEREE &
NTND) REECEPLLHERTHS.

RSB LT, TBEERZMED 2 LICX VAT 1/ 2128 LT s, KBRER & FEEC R
B2 ORI EE E BTEMED BTFICEBEN RN Ehb, B LT AT ITREREC KT LT, SEEIEE7
HERBRERNT 2 Z LM TETND Z EMbing. £z, TR O%MYC OE B AR 2 SO & bk
THERELESTNDY, UUTO20BEBAEL NS, (1) BYEEIESORHES L, KEORNS
&V BVIEORMEESRFEZ TR ST E LTER LTS L2V E WS BEETHS. (2) KB
TiL, MVC 2 ERIZEHT 572 DI THEFRZIR Lo DEMEER 1T 7208, = OBWEN R AREZIUGES)
TP TZDS LWRNEWSEBETH S, HHEICEL TL, RAERTII%UMVC DEZFOHONEELOT
372<, HLETHEREORE CORMNEMER L USITIIEEOBA R OMEE RN T2 Z L AEETHS
DT, WHHRAFETHRBILRVD, S B TERR%MVC EE2EHT 254 IIEHIFE 2 a5 SER
H5.

E DI, ENBIERFOMOHEIR L EEITH. HOP0ERE LR L LERRICL S L, BiSEEmIci
LTI, 45cm EESZRTRERE : 20%MVC, 35cm EESZATAERY : 30%MVC, 25cm 37 AIRERE : 40%MVC &7 0, K
BRECAHIZRI LTI, 45cm EENZATRERE : 18%MVC, 35cm EESZ ATRERE : 23%MVC, 25cm FESTFTAERE © 35%MVC
EROTWD. Fiz, BEEORS (EEE : 45 cn) BOMFIEE FIRED : 23 %MVC, KERE:14% MVC, )
E7oTHD®), RIBEMICEL T, SITHI%E L MERECENEH STV, ASEEHICE LTI, AR
FEDWPMVCEL ZRNPELTRY, ThiIlEEESIH LR LERTHDEEZOND. FROETHELY,
BRI B D 2 B TII%MVC OEICFIIE EEN RN LAY, 3 5ICERE & EEE TIRRAHEIR
e MVC CRERELSS, RERTHERS, BURSERS, BEER) IQZBEEENRNE VI RERD Ll 2 L A%
TIIEFEZPRE L U TEREIT o120, EiEMER Lz & 2108V THIFAEMNRAT5 &0 5 BEOR
RB/OND ZERTFRIND. 2L, S CIIEE RSO DICHAGMREE Sh 570, SinEo
ESIEMEERIFI TG OB LINITAME RSB, F75, BRAKOZA IV FICONTELT S L,
@572 LI & % &, Bl OFRSEWEIZF\ T ES 28 RF ST U CIEBI 2504+ 2 L OMR LHE STV AR,
AW TIIFER TE 20272, ES AT A EAERIIFHELBEOEBFTH D, AFFFRICR O ClBRE 12 I35
BICBVINEAEMEE b7y FHERFZSLE LT 2) BRI 4232 L 2 ICHR LD, BIISEETEH)
fEL 72D, THEOHEZZIHALTESILE2DThHALEZLND.

6. # i

AIIETIE, ABROWBER S8BT B EEE DOy FhbORSIEWES TR AHBRORERS L 0T o &4
TORREEToTz. B, ENTHTIHERTTEETH DI L0 0 b 5T, FTRGATRED - DIT R STEEISST
TERVEREEZXEE L, Xy NAY OEMEZEEST, BEEOEHRy FICRITNTETHS = LRk
DI E T 2HERDIRE - AR Z1TV, EEOBEBEICRVWONLTWIER Ny NICBRBFEETHD = L 2R L
7o BAREULIZESIEC AT A, SHHEZALTEY, SPESFHERE LI LT, WICHEFHIEREA L
RBLELE ERSEAHMEAEIT) 2L & Ue, EFEENER LB TIEL AT 2% AV CRSTEER 1T 77
BROD, TROFEGFGHA~OBRMEGEEENOMIT LI 24, TEMEPAWAZ LI12L0, Aol
SOAMEHETHE, 1,/2~2 / 3BEICED L TWAZ LR TE. 8510, KERER & SR
WL T, MTRROATTERBE L 2> TEY, MBE LTV ABITARE Th 2 N R AR EaEIc & -
T, WURBEMTHD I LIVRERENTZ. THICE VIRE - R LIy MM RIS N R D =
TNOHERAMEMRT L LN TEE.

— 160 — ©2012 The Japan Society of Mechanical Engineers



BRIy Pz AR R EBEERORE 161

ST, 2L OBy FISHETED L 21Ty FTEMORELITY, REOBELEIT) &£ &0IT, B
BEi~OBHNNE L 2D, b LATEL LT WO ORIERIOMIL L, @mEpEIZ LD EREEREZTIbOL
T5

£ L33

AR DN TN EREBRE DT 212, ZZICRLTEHOELRT. £, BBoORMIEzEWEERE
HZEA TR B FRRER, BUARESE/R K% Plao THEVWZRKRRERARERRKIZ, ZJIICRLUTESOEEZRT.
ARFFEO—EIY, CRERIFE T A T2 HFREEL BRI 2R e Ry NORIEFIEORE], KA
FRERIFFCERZE THURIC 1T 2 A BE EHRMTIE ORI 2 ERICEE T 50150 O3EEZ T UThhiz.
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AT, EEHES LT, 2A) 131981 ELSES LIz R DE—(LTH Y . BH
Bidz—FLTHMOEmR®H S, 20, He2RlAEEER L, REL2HT Tidn
HHOO, KL LT 2007 K 33 HFANKLETHME, BAXRAEDEED 30% %
HHTW5,

B ROB AT T, 1985 FEITBWLTAAIT LD 0 mROFEEBITE CHEERE &
WHIHRERH DY 2EOERENCAD L BETEHEBRORHE L O LLBERFNRFE
PVIGLE 20 %, ETCRERR 202 5D Tn5, £, ERBEYHERGLE RS &
BHETIEAREFR T — A 64z, B E EHBRT—A N 14 TH Y . L TrsgEn
T AN 2{EEHEDTNE, PARRERELZHESOBEOEEHEMT. THE L EB
TENEN 3.90 F, 3.87 FHEVD LHE SN, TGO KE ZILECH 242 3L T
bd, TRBOI LMD, REMIZHTLEBROERICHANKE BELTHD L
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RIFFRTHRAOIETHEWER & LT, FURBHEIRE 5RO O L5 BRI L 5%
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