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Abstract

In order to allow people with disabilities to participate in society actively and to enjoy
a high quality of life, a method of mobility that can be used freely and with comfort is
required. The wheelchair is an important welfare device that provides these people with
a method of transport.

For people with hemiplegia or who have sustained injuries in one hand, use of the widely
available two-handed wheelchair is not possible, and an alternative type of wheelchair
that allows one-handed operation is required. Also, people that can benefit from a one-
handed wheelchair are not only people who have lost function in one hand, but also
existing wheelchair users who want the convenience of performing everyday tasks while
operating a wheelchair.

In this research, I propose a one-handed propulsion control system for the power-assist
wheelchair. The proposed system realises one-handed straight and turning operations.

The power-assist wheelchair is a form of electric wheelchair that has motors in each
of the two main wheels as well as torque sensors in each of the handrims. It assists
the wheelchair user when the user pushes the handrims by measuring the user’s pushing
force and amplifying that force using the motors. The power-assist wheelchair lightens
the physical burden on the user by providing assistance, while encourages maintenance
of arm function as well as improvement of health and fitness through handrim use.

Also, by controlling both motors appropriately, wheelchair functionality as well as
performance factors such as safety, comfort, handling and mobility can be enhanced.
This research is aimed at proposing a practical one-handed propulsion system that takes
advantage of the benefits of the power-assist wheelchair.

For the case of two-handed wheelchair operation, straight and turning motion can be
controlled by appropriate use of the left and right handrims. However, since one-handed
operation is assumed in this research, methods for one-handed straight and turning
operations are decided based on how a handrim-operated wheelchair is typically used.

After defining methods for straight and turning operations, handrim torque properties
of both one-handed operations are investigated experimentally, classification of straight
and turning operation based on handrim torque signal is considered, and a one-handed
propulsion control system is formed based on the decomposition of straight and rotational
components of motion. Adequacy of the proposed system is confirmed by experiments of
straight, pure rotation and in-motion turning. Finally, subject trial tests were conducted

to evaluate the practicality of the proposed system.
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Fig. 1 System of power-assisted wheelchair.

Fig.2  Mechanism of double hand-rim.
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TH Ar _,<+ >_t wheelchair > WR
N Prr
x%—’ AL +: - — WL
K ‘

<

.,
;8‘@;7 CrB [+

B 1.7: SEATIIRIC B 2 EE) 7 > X LR D70 O R Tl EHIER [27],

LU, ZEANY P AR FESFER I, BEYHREICN FY L2002 3
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1.6 HIEITZOREZRAVWhFESRIERE

IR I TE 0 A CEE 7 > A PERTFOLOD R FEE MG L 2 27, Fl
NYFYVLDMVZ 2D V7Y g DIEIZHE DO THEEERE K € [0, 1] 20,
M 17ICRTD L) SHHRZREET 2 2 LI k> TH P SEMAELFER L, L2
FURELBLDZXIIINAY FYLICHRTEELRNZANINE K =1 DfEZERRE L, BHE
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R L 72 & 902, BEy 7> A b ERFEFHFICN T 2 AHZER L 235NV F U L
DI & 2 BBl & HERE IO OMEDH D 7, HlETEIC & 2 Itk B3
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NV RY LZREDOHS
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TR LS <. BIFICEIID,
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BEEBERFHRETEOFR
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1.8 AARDOEM
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1.9 EEMIERL

9. W2 ETIE, B O HEE) & HEREE) & OBfRZ U CHREE O BRI
DWTIRR S, [ & R OER) 1D TR T STHIERDBARE S N2 70, Jalc Hil
WEED THgIERE, & DEBEER IS THT 5,
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ZDWCHWT 2, HEOFTIATIZ, AT b L7 LT d 2B, BifEoFT
FEGE, iR, EfTHER R EORBUT i E BN S,
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5 FETIE, Ny P Y LBEREICHED CBENGTIEC O W THAT 5, PLokey
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6 ETIE, AT S HIEIC N 2 YU Rl 7o o D FERTE 2B L. Sl O K5R
IZOWTERT 5, F FESHEOFEMEZR T E2HNET 5,
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2.1 HEimEs)EBEFERE DR
AFETlE, R 72 3 HEBFOEBIC O W TRDZ EZ2RFHEE T 5,

o AN : T AFHHE L ERTOERBOAM & TEBSEANRZRSZ &,
o AV vy 7ML I Hli MEDORIZRAY v 7 (JFD) BFEELR VLI E,
o Uy FHEBMEL T ORI (FrRY) BiFLLAVI L,

Hifa I T N IR OB BT & TR St FIE ORE A A3 IR T /A R
ThHs I E2IET 5, BHRAFOEHI L T, FCH LMK 2 EEEMET L 72
BICAY y T ET 2 ARIENEE 2, £/, E—F FRBAMEIRE ZHIGRO b
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(2.1) DHHHEE D EFLAAHMEN T H 5, HlmdLIid, THfREEE, 1B 57880 L &
LT R %2 wy, & wr THRLU, DEBEERE) (2B 2E#ERD C EREED D 2 we & wp
TEY, Bl D EER Y & [AIHR)K 1 BRI L & R I g 5,

Wwr, + WR
we =
2 (2.1)
wp = —wr, + WR

3 (2.1) BRI o 720 TA < RS, P77 AL LN, %
P SRR L BB L OZHA L O BN B D, 3 (2.2) O X 5 I RN
H%@8T 5, 2.1 IR RE £ 70y 7 §R%E 57T,

1/2 1/2 1 -1/2
mo V22 L gl / (2.2)
-1 1 1 1/2
Wy, —» > WC —> — W,
H H-!
WR — > WD —» —> WR

4 2.1: HifiEE & OEBHERE & DR D2,
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wo = 4FeR wp = —wp, +wr w

2.2: [EEEE), [NIEEHE), SERE & EmE b,

Ay 7L AR 2RI, HES) & L RET O BRI (2.3) AR 2o,
A RO ED - F T IUE, wp =0 TH 2 - OHRGFOEMET 5, 77, Fit Bl d L
DRES—BLARPBSTRBINTHIUL, we =0T 2 OHERFHHUAEEY 5,
2.2 ICHLR O EEESE), [RIEES), 2 U CHiRER 2R & BRI W 257,

v = Rwc
R (2.3)
T = WWD

HR T ORI 5513 2 BWEEERER » 238 (2.4) ©RT, FRT-OMEY: & FEE% F
9 BB 2, MEIRAO [r IFEDE. |r| = 0 XML TR T 5.,

v w
=W (2.4)
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Y WD

2.2 HEBFFOBEEES L MEIREEDETIVE

PR TANBEB T L = & & —ReliAI HHRIC . R T-00 SLORED) & T o 5
B2 %73 (2.5) DR D 0, MU AR A 2SI, EESEEN i &AL (do, d.)
(Il BHOWE) 2% 5, KAERIRIEN Bywir. b V7 min. B b
N7 finR EAL dwin (RIS DA DR %520 3,

body straight motion: M,0 + D,v = (fr + fr) + do
W
body rotational motion: I,y + B,y = > (—fu+ fr)+dy

left wheel motion: Iwswr, + Bwwr, = 71, — fLR + dwL

I‘ight wheel motion: Iwswr + Bwwr = TR — fRR + dwr

A (2.3) 2 HpGEE) G RITRA L, HligiEE) RO & 2% B> 712 1 R E) /7
FRICRAT UL, X (2.6) O BiEE) O AR T 2 BRHEZS 5,
common (straight) mode: P,c: Icwe + Bewe = 7¢ + dc (2.6)
differential (rotational) mode: P,p: Ipwp + Bpwp = + dp .
Hifig#EE)cFE D GHEBFBREAOE TN E L TRD I ENEIF oD, BfgTEEo
By & 2R IR AL S, 2N F nEEEE) L MEES e Tt T 5, 2L T,
HLOR D EEHEE & A D3 2 402 ¢ s B ) M@l oy & 22 B i Il 5 2 72, i
TP e bRz RO,
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HEEATHH O DWAHIBN 2 72 < 25 223, AR L D il By = 8 1T e R I 2 %,
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T 1
straight operation: [ L] ~ l 1 H
R

-
turning operation: [

AZETIE, FIHNY FY LBEEICEBT 2 PV 785 a DETEEZ#RINT S, 20
HHICOWTHE4FETERBT 2, Ny FU LIS 288002 CREHRIEZ T2 ) 70,
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NIRXA=F 2R IIIRT, RERITKEWHZ R - 2, 7k 2 RE030 872
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NV B LEREOFBRHIIRICE DN SRS T U, BEDREEHIC 2> TL £ 9, @kl
KMD3H > CHHZ D OEETHIEHLOBREZIMDRET I L TES, LirL, AR
B X o TER I N 2MNRIIZR D D, H 2 FEELLT ORI EE L v, F,
LA D 2 ERAERN O RMDEF S N e RIS I R A F
L%, WBRIROFEICK (5.1) ZHV 5, @B RBERIGRN BRI OMTETH 5,

n(success)
success rate =

n(success) + n(failure) (5-1)

EEBRE & el ED IE L Wil ofthic | TEERRIE ORI B0 R & Al 9 %, fi
B DOYE OB DOMEIE —1 TH 5720, EMEEFEOSEG., EERRM K = —1 2B
KiIcfE 5, L, HEREOLA, K OfED —1 226 +1 12T 2 GIRINHDAEL .
K OfED +112%2 X TSNS PV PEE NV 7 L3R 6w, K OfED -1 556
+1 2T 2 AR 2SFPAHPE () 100ms BUT) ThH 5 2 & 2R T 5.

ANBIBUC R 7 X =7 3% U, FNBIBDBRE DI 72 o 72 D A IS TE
Bl dBZENDDHY, FHAMEZK) ZEBH 5, 7o, @AIBEED AL x DRILH
%9 &7 0 BIEMEHEE UL, ANEBCCERMEBIBOMEDFRAE C 72 0 . HilHE
DFFEEIR S N THIUIFEETE R 55 &) EMMEREDRSH 5,

A B D BT IEHE |2 Do Tl R 7o A3, 3l BB 2 1 T 1l EHIAELR 12 o 7o IR o PR
PR EOBRBIREEUENLZEHA D H 2, 2070, @BIBEBOFZEOEE
Tl S HIER 2 7 R TRGEE T 2 8D 5,
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5.3 HIR—KMRIZ NIV YV DEBAH

BB OGN kX, R — X7 b= v (support vector machine: SVM) & \»
5 #bilid b 2Bk E v % [37][38], SVM 1, SHESHERRETH 2 DD 7 7 AITTE
T2 57— IR AR CTHMEST 2B FHZ KD 570D HETH 5, BIZIE, 7—%
M3XIETHhIUL, 7—F 20T 2 2 Xt %2 SVM TR 5415,

SVM TR o 2 B Vi 230 (5.2) TR, w (T PRIOERRZ PV TH D, bl
VDA 7€y FEEETLIEHTH S,

wl'x —b=0 (5.2)

T =127 7ADT =¥ RICET2HEEYHNEZ vy -b=1LL, T*=-1277RAD
F— Y RICHET 2B E wTy —b=—1 T2 L, 7T ADT—FEUCHET BHE
T OB O FEEEDS 2/ ||w|| 1272 %, HE5 T, ||w|| ZEHRAMEI EIUERBZEFDIL L 2 5.
T — % 5 LR & OBIRICBIT 2 HI 2 BT uE, X (5.3) omEliilEEZ ™S, N
7T =Y DETH B,

. 1 a .
gg{g%{QHwW——Z;M(Ti@FXr—w——U} (5.3)
X (5.3) D UITEIZ (5.4) DEGELITE LM% TH 5,
1 N N
min § o .Zl XTI X — z;)‘i (5.4)
i, j= i=

L2 A, HEBIMREN: R IR L 22k BIBE B R B W IRRIEB I 2 sk 5, A3,
X 4.5 e E D & 9 2RI I S b 7R B o 7- o I ERIE I &2 ko 5, %
DFD, FFTANER IR LTEHR ¢ 28 L7288, o(x) ZANEREP>TSVM %
WHT %, Lo L, ZOWRFICEH ¢ 2EBICRD X5 L2, R (5.4) 0T Ty; ©
b D ITIERIE Kernel IS = 238A TANDS 2 LB TE 5, EBALBBDIZ Y 7% Kernel
BgchIU, R (G5 DEIICHSHA 2 LHTE, Bl o(y) pRlEIcIN 3,

E(xi x5) = o)  o(x;5) (5.5)

HIZ, ZOoD7 IADT = HPTEENHTELRVWEA, Y7 =Yy, 2EATS
DB %, K (5.4) OFELITEIC, X (56)DXIIC TATY 7 (BA) T8 c %2E
ATEHIENTED, AT v 7EBDV/INS I EFERINBTE I NS,

1 N
RUREDD
)=

A& 72 N3 (5.7) %, 7220, w kb IEN (5.8) DX I ITKE S,

1

N
ANTITTECG, X)) = ) /\i} (5.6)
=1

whé(x) —b=0 (5.7)

N

w” = i LTE(,
d(x) Z;Aﬁ (xi> x) (55)

b=wT¢(x;) — Y foranyic {j|\; >0}
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5.4 BIBIEDERETAIE
B AR S/BS NIREREICE ST OT, RDXHICSVM DIbDT—F %2445,

o MLIWITDORE SRR L %5 2HHICE T 2z 5,
o HIJFIA &EHRTTIHZ LZ 1K S 2 3kl % 2 3Et T 5,

PV WITDRE I DR E 72 DI E T 2 E%2 v 2 B, SEET TR~ 7 e —
F BRI 3 1 2 H/EBIE K 1B T 2 B HN 72 S L5 Dol - Sig s b vy
WM DREIDRAEICE > TRESINDEI DS TH S,

SVM I v 7z Kernel BIUE (5.9) D K 9 ABEBIETH 5. D 13 Kernel B D IE
THN, SVGM D1 ODNRIRA—=F L7 D,

E(xi x5) = 0@ x5)” (5.9)
L5 IR EE T — & Tl I 2 IS 50 TR (5.10) THRET 3 o, #iE L
O WTEEIF SN B[R H 2 LB 2. o ZHOIZHAIBERORG 217729,

_IC+IDw n Bc + Bp
2k 2
OB DG E, K (5.11) DANZEEE Kernel XE%E 3,

oL = WL, (5.10)

x=[m — D=1
x=[m w]® — D=2 (5.11)
x=lm, ¢]" — D=2
SVM IZ ko> TR#ZRAICT 2P Z RD 7%, K (5.12) D X 5 ISHRINBISUE © %
T %, fUMBIEL sat ORI -1, 1] TH %,
T(x) = sat (w” ¢(x) — b) (5.12)

TN 2RA2ITRNT, HIGEERITED N R Y LEIED 7o ORI B EETHC
ZNEFN272 KL 271 KzE w5,
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KT A—% HARIE (%) P EERAIN (ms)
X PBSY | Kemel 38 | e | mngE | femlgfe | g | AR
107* || 78.1 | 85.0 | 81.1 | 84.8 57.4 70.6
. 1073 || 78.1 | 99.2 | 81.8 | 100 57.1 65.0
[l ! 1072 || 95.3 | 100 | 95.1 | 100 53.3 63.0
1071 || 96.9 | 100 | 95.8 | 100 48.6 62.8

2 5.2: WIBIBEGEI T L D8 A — 5 ERZMT 2 HUERTIR (1 R Kernel BI%0) .

s § 0.5
© ©

=4 c

2 2

[=4 f=

S S 0
s s

g g

s) o -0.5

% o

Ny 1 1t

—20‘0 —10‘0 (‘) 1(;0 20‘0 —20‘0 —1(;0 (; l[;O 2(;0

torque derivative (N m s—1) torque derivative (N m s—1)
5.2: SVM % SR 72ikiIB88, x = [fu]. D=1, K£ic=10"% fitc=10"1, F: A
HERRIE, AR © BElHRAE, ot BRI, x t R A L BRI ALE T 2 e D 8 (RY))

5.5 kalltEse

FERIETIZ bV 7 W0y D AR T 2ERAIBIE % FlVv 72, SVM TR U X 9 Zaikil BI%
L. T B, 25210 c 2ZMLI A DOBAER R Z TR, X 5.2 HAEICAE
Bk 2 FF oA B Bz R L, X 5.2 A IcHk £ - 72 BB 2 FF ok i B B % R 7,
5.2 TR ICHHET 3 = MAIEO HIZEBERIC A> 72Ny F Y AEOF— 25 ThHhH, 2D
A S EERRE L5 S e,

cWREL R BITOM0, BRIV D HHE T LD, SRR 98.5% (HiEE) &
97.9% (ERHEASE) 1R %, —J7. EERIEOFIFFERIRRIZ 4T 100ms MATH D |
cWRELLEDIONTID>TUTL, fERE LT, MV IHTOARITKRTET 2 3RBIBI%K
B L T, BRSOV S WD & EERERAIR SR 22 %,
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KT A=% WA RIIE (%) P EEHAIH (ms)

X OBSY | Kemel R | o || WDERME | meRERE || goim | AR
[TH] 1 96.9 | 100 | 95.8 | 100 48.6 62.8

[q, wi]? ) 107 || 94.5 | 100 | 98.6 | 100 || 56.5 62.4

(71, oL]” 95.3 | 100 | 97.2 [ 99.3 || 50.9 61.7

£ 5.3: WHIBIEGEGETTIED ST X — 8 LM T R (B8 x DHIE) .

Bperation function
gperation function

-100 i -50

wheel speed } dyn1 (N m)
(deg s-1)
-200

St -200 o, . 100 200
torque derivative (N m s—1) torque derivative (N m s-1)

-200 -100 O 100 200 -100 ~100

5.3: SVM 2> 537380, D =2, c=10"1, Ay = [fu wr]?. £ x = [tu 6]
W EERRE, R ¢ OEEERE, et BREN. x 1 R,

R 5.3 ICEB x 2SR GG OB O BMERIR 2R3 d, RIS T 2B
5.2 FH EX 5.3 TH %,

1 7 H 0l B £ C IR IEERR A OB R 35 b < iR 23, & 25708, 2
& H O B C IS BE R E DR B R D3k b i\, S OBHNE, EfTHIC B T B el
BAER D bV 7N 2 2 &2, 2 HHDOBBIBIEDS X VLS RSN TV 505
THb,

5.6 FEBIBAEDEES

ATy VER e HREL BDIHONT, AR L3 -7z, Tk, HHERE L E
FHEED T — ¥ BT R EEURE TR 272026 TH 5, o T, IEL WD 7D ¢
WWREWEHZ RS GB00nE0WH FERTH 5,

MEH) (wp, F7213 on) ITHREET 2502 VT ORISR oo L L2 R o g,
NIR=F DL D B OIEIEREETH 2 - O P S HE O EBEOMHICH 2> T
FEEDEMEZ DOMESH B RS H 5, . BB oy TIHIMEEOHE I NE L 2 3,

feoT, ERAMEE Z, £ 5.2 1R THRNBRIIFEOF R EZ HauX, X 5.2 PAIRT—
REABD D W\ E W FERICR 5, 6 BT Z OikAIEEEE H > 72 i 78 S I o gelis
FiHii 217729, PV 7 OBEIZER 35 IR TEEFRL TH S,
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78 & HllE R D #ER &

6.1 #HWEREFHDOEN

PBRERHI Tl PR L A T SRR FEMME 2 R L2 HNE T 5, WO HE
TEAE L Zanl B8z o 7o i Tl SHIH O B v il 2 1772, P aA X7 4y 7 Ll
T EHR 2 RBEOHENR ET 5,

Fr P8 S G2 O BEBEUC B 1 2 BIEIZFAD N> B Y ABRIERE T — £ 125D T
ZRRE L7, BIREICGAIEL TH 50, AANEIC X > THiwWG S 2 Epie ) I n s h
ZHETHIEZHNET 5,

6.2 REZEDLUBWURETBIHFRERE
LR R C HOBE S % TR ik LT T SR DT IC % L 0 5,

o RFEZRIE LMV FY 22k B1EME L EN,

o FFERREEE /iy FY Lk 21 & e TR 282 2 &1 & 2 fiEhl,
o VA ARTaVY FLEFILHBY aART 4y 71k BiEHM LEfE,

o MFFEHRME Ltionv PV LICXZEEL R (FF#ELOHEDD),

Caf AT 4v 7 ERFREEEZNG6.1ICTRT, B 1ETHER L) ICH TR EEEID
BE)7 > A FERFOTRS N, OO FEREGIEL U THET %, HEEFREEZ K =1
WCHEET % 2 LIS k> THFR EBRE) Z2 LR ot L <. 78 S o —-o o st
RET D,

PaAf AT 4y /N EOBEBHERT VL ERINT0LD, Yalf ATy 7 %2FEER
BEICHD T T, b9 2Dl RET S, Paf AT 4y 72 -DDOKWHRET 2
LI oTAY R LEEDORI N MR T 5 2 L8 TE 3,

HATHRLL UM IN TS THHERF AR TESER - TH 5, 2TOR TERES
BEOWIEDD, MFEEEESTMEL TH 5 9,
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X 6.1: FRESHEOENRETEYaf AT 4y 7 L TR BEME

height: 4mm _, 120 cm
width: 5cm 63 cm

4 100 cm

! 120 cm llOOcm 120 cm !

X 6.2: EREEBICH BT A Fa— 20~k RIEE F AV MMIBELAE,

6.3 #EREFEDRERSTE

BB EERIIR DN TEET 5, ERTH NS HERIZ, #iE Az BHEL L
T —b, FEEPICH S oEEEIrS DX v, ERdhofig, 2 L CREICE
TLTHLE57-F A a— 2B T 2EEDERTH 3,

. EEE, EBRNE L ZEICOWTHPL 2 BT, ZMEOREER 5,
CHEBETTT V= FEEALTH S I,

. HEIC SR EZ AL T 5 IR %2 3T 5,

SR ET2ODF A a =22 EFLTH 59,
CEEBSBET = REALTHS 9,

T o W N =

BaA—2ADFHRATIE, MPHEERE, P af AT 4y 7, FREESERMEL TR EH
EDMETERIENEZFEHLTH 69 2203, FITHMPEIRECEALIETr oM
DEMEHEZFEHLTH 69 2 L2k,

BBRE IR T A b a—=2ADEEK 6.2 107, KICT—=7%2i>TT A Fa—
2% MET S, TODICEE 4mm &R 5em DBEDSH 5, IE 1m O a— AN THEE
WCHLRF B Z IR L T 6 9, BRFFIFEREE O HlRHNE W = 47 cm ICHAR 2 L IEIC
R LUTR B3 cm ORMDH 5, T, wilid o B~ DOMHEEHI AT DO LEIC X > TR 40 cm
76 50cm THH, THFOEAHFT360° MHLT 5 ENTES,
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moves moves move
4~6 l 7T~9 10

P<+o.> Pﬁ +>Hﬂl <0 — €@

B 6.3: 7 A ba—2 108, K:EME FERCOEILMEEEE,

A
I moves moves moves
4~6 7~9 10 ~ 12
! ! !
Kw—#u»g/ <#—» N -

X 6.4: 7 A ba—R208E, A B, & HERTFOEMEEIME,

moves
1~3

RIS

moves
1~3

\>—>.4>

TAPA—=RA1ELTALa—R20EEDFNE ZNZNXK 6.3 £LX 6.4 ITRT, T A
Fa—2 1 EROFEE G WA AOERE, 90° OWRFFHA] Y [RlEE, Wi OEE, %7
M OEHE, 90° OIRFEFRI D [RlE, #7moEME, wiFmoEiE, 90° O KRFGEHR D [Rl#EiZ 2
M, BiAAOERE, 7 A Fa3—R 23ROEFELZ G BiAmOEE, REHE D BERl, [
T OEME, BITIMOEE, RFEHE D el /7 moEE, FiFmoEE, [IREHR D g
b, Wi/ M OEME, BAmOEE, KFEHRID ERL, BAmoEE, 72720, g a
BEL 256, BEMEPOZ0FEFa— 22T TH569, TAFa—Z22IDXIHIC
BE L7 PR, AR~ OEME, SREHRI D L IRFEHE D ollEE, 2 L CHiR T~
SORFEEEI D & RFEHEI D DfiEl], BG4 ToT~OEE, [His & BT el o BifEr3E %
Na3»oThs,

A=A NNTIZTE LR ITHETT 2 L) ITHREFIIEZ %5, 2—RA 1183
B 3. BfE 6. BIfE10. 2 L Ca—2 21cEF 281k 3. BifE6. BifE9 & BfE 12 8%
I~ DEEICE L T, A S HiliiE T 15em BUNTHIUITEEZE T L7 EHET
%, a—2A% UL T, ERAT ORI E 72 13BRA T A b a— ZERE AR S A,
D=2 LWL, #EREICa— AN Do EIEA D, T, BEREICNT 2R
AETIR RV O, BETH 2 & B o BHCBEEITEOR D § R E B{E 2 8L 152 5,
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6.4 FPHEEXE

AWZETIE, T TR THREN:) et - L& TREME O 4 D ORIz I
WU ChFHESHMEOFMMEZTHET 2 2 L 252 5, A CIXIEENE, PR
EDERIN A, RN, Bl - FEL S Sk E2FHI L 7\,

o BEME RMEVEETHD, HHICHRICENS Z N TEL L,

o REMHE ERflicEBLTHLEEDENTICHHTEL L,

o BREMW - RV IS AR, “DLTHATES 2 L,
o BENE ol WEoOHAMICEITE L,

BRI O & U I H % B, FIZH S [34] 1. TERMEM TR, TED L
My TEGEME) ThiniEy oBHZ Wz, —77, BS [21] &, ThoiE, 7oA My T2
BV, OV TEEME, fued 3 OHEZHvwis, HERRICH Y & N FHiGE H 1
ISR B BRI 5% L 7 b BAR DS H B,

BiBRE ISR Z BV L 72 TRl R 2 THH ISR 3 2 394l & &R, SRS o s
BEroDaxy b, FEEho@gE, 2L TEBREIETLTb o277 A Ma—RILE
VB IEEEDMERIC & > THBRHERH 21749, 72, SOOI, SEEEOFR, 1%
A, FERREER, FlEFERZRICOWT, ERATICHEEE ICHAZ BV L 72, 8RS
WCHAZBECLEZ7? Y7 — 28 B & LTHNT 5,

FEAMETEOMERE X, BB, Podtk, Zet: L BEiEo 4 FHH CIHliT % 2o, 8
B o L CROIEH CHRIEFIEZFHEE L TH 5 9,

o BEDEWRSET HRMGEVERTH Y, fHRICENS 2 L23TE 20,

o AN RIKHICEWTHLE E SFENATICHRETETHER P22 % 0,
o BRE - RIDRE fEMRZIERL TICHBIEFIENLL L THEZ 25,

o BEME SIRMITIETEIE D ORBUC BT 5 A,

FARMETTIEDS I E SRS 2 SRk 55 LR 2l 4 ICFHiid 2 2 L 2 HIV E § 5,
RDEH THBAETIEOMIC X 24 FE~DOAHZFHE L TH 5 9,

o BEREAFEH HRMATIHETOMEMIZENL S DR & ER T 22,
o BERERN HEEFETOHEMIIENLS S OEN I ZHERT 2790,

B, EEEOMMICBI L T, ROHEH THRMIEICE T 2 IHRET CHHEEED ARE
PEEFHMEZFHEL TH 59,
o HMENETR FCHRF2ZIEL Mo, JHEEFTHEMEEITE 2 LB ) 2,
o RAMIFME SEMETEE IR FIIEBRICEZ 27D h,

TRY 2 LRlOHEHOBRIC OV TEN 2, TPEME) 13 TR RS EES ), & TnEk
)y BT 2, BAEMEDMET 52 LRI N EP OB L3570 TEAEM &
Tz, LD GEERDH D, e, TR Y TR %S, IR S
A 5NN D 5, MMEDHR T2 A P CERIEL 2230 JHREFTHHERZ T 570
I3, HRFICESTw 2 ZENENS NS ERENERNTH ), PUEIZH DL L
THREFPER 2 ZEVWHEETH S EEZoND, FBEFOHEEEADIEHIZEL T,
BAEORE — R CHIIMMDIERZ LS 5720 TEAEME) ITIKFET 2, 7. PR
TSR D B L HRFICE -T2 I L 2ENe 2D, i 2 E~DERHET T
Lo, TRk, & TLett) IS EIET 5,
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| wEE | | M | RRE | RIS T | ISR [ %

S || 28 | 93k %L t6 | B |

S2 | 31 | Bk %L toh | |

S3 | 33 | %tk L H6 | AR | a—22%2Y a4 AT 4y
s citaz 2, Zofho
BfEI71C 1 ]

#* 6.1: WRH O AR

EESHE R
S| 2 A g 1307 | FIA | OA
M| LN | BEERAE | 25 MBI OA
fk |3 A Zofh | 0 A

#* 6.2: BBH ORI,

6.5 MWEREICDOWT

SN B S NPl 12, THER 30.7 % (BEHERR 2 2.5 J%) O HR T O R O 5
WHLIANTH 2, #EEEBIEINNEZFLANZENLTHE LB, 6.1 L#£6.21C
WRE O E £ LD 5, $E S3 BREOHAD O, a—A2%YaAf AT 42 7T
A% 20, ZDOMhDBFIEHET 1 EETL 7,

6.1 ££621CBS TREF, & THIEE) X, PEOEM»IICETIHEFZ
73R E R, PP ERASICET M EFEEMEETH S, ERET7Tv 77—
DR D'E M THERE I 72,

o EVWYIZERITROFEF HIcBT M ST,

o XEZESROMEF ST aAET,

o BAAR—IZEBBBHORER HicBd M Sk,
o R—ILZRZBOFIER S ICBT 2,
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s () B4 -

WIEIE | ogps | poatt | seom | ot

FFEE || 3.0(0.0) | 2.7 (0.6) | 2.7 (0.6) | 2.3 (0.6)

FFRE || 2.7 (1.2) | 2.3 (0.6) | 3.0 (1.0) | 2.3 (0.6)
CaAAT4v 7 || 4.0 (0.0) | 4.0 (1.0) | 3.7 (0.6) | 4.3 (0.6)

MFEE || 4.0 (1.0) | 4.3 (0.6) | 4.0 (1.0) | 3.3 (0.6)

# 6.3 PRE DOBREEHIi ORIR OVl (FHERA) . 5 B, FIEDS R E v IZ & RAT,

o et W | g FEBAET O S
s Sk%5 | Sy || WEACB L T Al
FFHEE | 2.7 (0.6) | 2.3 (0.6) 2.7 (0.6) 3.0 (0.0)
FFERRZ || 2.0 (1.0) | 3.3 (0.6) 1.7 (0.6) 2.7 (1.2)
YaAAT4v 7 | 5.0(0.0) | 3.7 (0.6) 2.7 (0.6) 4.0 (0.0)
P E || 3.0 (1.0) | 4.3 (0.6) 2.0 (0.0) 3.7 (0.6)

PEIEDIR E 01T E RAT,

6.6 #ERE DEFEFHEDRER

BiliE O BBE DR R 2 £ 6.3 £ £ 6.4 17T, JEBRIETOHEEE~DIEH O HE
Paix T1 - 35 @3 BBEIHL, oI T1 - 55 @5 BEFHITHh 2, FHiDIXS
DERIET 201, FHINCEERAEZ R, fMRICXUE, MTFEELYaf AT74y
7 H3E R S v, R EEE & BT R R ERAE O ST A LU K D o 7 E 23 H B

R EERME L PR R EREOEIEE & M ICHHE S e, 8 EBRECIZERTFO
BI{EIC HEDE» > BaWP R ko, kLB E LT, FIHEDEMEL 72 0
NV RYLEES LICHZ 2 L, BEMOE IR E» -7 2 N o s, —4,
FERRBAETIEINY FY L L ROBMEZ RIS & & HREE L &R U 7 pBg03h > 72,

TSR E af AT 4y 7 OPLENEDNZIFASTH 2 LS N, Paf AT 4y
I BEERB N ZIRIFER L v EHMESI N —)7, WP ESEEL D HER N2 ERT S L
I, Fhoo Paf AT Ay 21BN TOURWEEIENEL Lol Itk b s,

AT SR & R TR B EOPSE DR IFRSETH 2 LIS L h8, A T SRR
DD TE Tl S Nz, B TRERREBEEO T BB 28K T 3 LM S ., B il
EEEOSIER N TR T 2 LFHIi SN2 L LBRBH D EEZSND,

JHRETOBMICE LT, FTFHEERMELY af 2T 4y 7R bE i, L
U, —J7. FFRER RN T 2 5Hili251h 0 SR8 2 584 i & DK<, PR
fERE o te, PR REEOYENE & B DAR O FHET AR EF O IEH O ATBEE IS5
BWrhzt-tE2on23, L L, HEFICIHMEFCOMEE%2Z L TH 5 5 EBax EuL
elrol-l- O 5 FFEBBNETH 5,

FERMEBROEVETHMIINZDIZT a4 AT 4 7 TH B, FOBEINEIHE, JEERE
FOIHHMREEDFE L P a4 AT 4y ZICRT BB L ABH 206 THE EEZ OGNS,
FPRESEREOFAMEIIEETH 2 LM S, TR REEDA X ) FHlisE - 72,
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2 — ZGELT5E TR (5)
TAbPa—=21 TAFA—Z2
Bk | da1 | Wae Anl [ a2
FFEE || 82.3 (20.5) | 74.0 (21.7) || 74.0 (10.4) | 67.0 (2.8
HFRE || 66.0 (24.4) | 43.0 (7.8) || 36.3 (2.9) | 36.0 (7.1
YaA AT 4v 7 || 47.3 (10.2) | 44.0 (6.6) | 38.3 (5.1) | 31.3 (11.7
MFEE | 41.3 (4.6) | 45.0 (7.2) || 33.7 (5.5) | 38.0 (8.5)*

ES

)
)*

# 6.5 WlRE D a2 — 2GBTS TR O FIME (BEERA2) . * ¢ BURE S3 2 BR\ 7o,

6.7 HEREDTANI—RETICETIHER

Bl F D a — ZELT5E TR DR 2 2 6.3 £ £ 6.4 IR T, FHIMNIZEHERZTH 5,
Ha— R L FBEFEICNT 23 A 1 EilA 2 OfERZ R, mFE S REUNDOGA,
PR BB ETE T ORTICHENTT MDD 5, 2 — AEfT7% TRREIZ, A FEE
BEOGEOREIROE (. ROBABEIETNENHFEE L a4 AT 14y 7 L OB
ol &wv) —RINARERTH %,

A FEEERFICBEIL T, R b RWERIZA FEERFICE 1T 2 - FoRETH
5, £, FFETHEICE T 28 EDH O OBBEEICBLB 256030 % ko Tz,
R E BRI BT 2R O m O EHER 2 XA ELE b &, REEoEE LS
LI TH S,

BPREDSR O LD o3 a =2 2 ICB I A A FEERETH D, #iBrE 1 EThlE
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WER B D RSy 1kt LRI T4 Ry (o) D% T2\, BREN ) frr. HIRIMEL dogr
& B Wi & ORI 2 A 728, (A7) D X9 Rf{REIRHEDR F 5,
Mo +2(Ds + Dg) v 1+ fri) + dui — MygsinQcos )

= (fu
Myvy +2DgE1y = (fr2 + fr2) + dv2 + Mygsin Qsin (A7)

w\? W, - . -
Ly+2 (Df (2) + DdE2> 1= (—fL1 + fR1) +dy 4+ MpgLsin Qsiny
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EERS (Mo OR) EHERSY (1L,y ORX) 2D, BEINZ fii=fu & fri=fr
EEE, N (AR) D kI ICHEREENLEZ LD 2 &, X (2.5) DHAEBEIFREEZ S,

HUfAHEE) & HlEE) o R (2.5) 205 HilE I L 23K (2.6) 25T 2, K (AL9)
DEIICEMETE—X Y P EMEREPELED, X (A1) DX ) IcEELES, 22
TR & BN DOWEDATH % ERE L 1edd, BHfTOE T MEAEbIMLE L
THRO ANB ZETE S,

1
Ic = Iwa + 5 M, R?

2
1. [(2R\?
Ip =Iwe+ -1y | —
277\ W
) (A.9)
Bc = Bw + 5D,UR2
1 2R\
d d R
do = TWL T AwR | X
2 2 oR (A.10)
dp = (—dwrL + dwr) + —dy

w
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HREREICEEAZ BV U 1o R5E
RIERBEDOT7 VT —b

BERE ISR Z B U 75T & FRRD 7 v 7 — F 2 RORX—P DRI T 2,



ERIDOT7 VT — bk

Pre-experiment questionnaire

K+

Name

Fin i1
Age Gender

BM / &F

XEZE<ROFEF

Preferred hand when writing

K left

/A right

EWVYEHITROFEF

Preferred hand when pushing something heavy

I left

/A right

BIAR=ILZBBHOFEE

Preferred foot when kicking a ball afar

I left

/A right

R—ILZRBFOFERE

Preferred foot when controlling a ball

I left

/& right

ERFORER (CHRAGILHHBIEE)

Wheelchair experience (if you have ever used a wheelchair)

ERFOCHERDOXBICLESAREDOH SMELELHETIH?

Do you have any problems that may affect your ability to use a wheelchair?

SHREQOGFREBVWHIDHTIN?

How is your physical condition right now?




EREOTVT—b

Post-experiment questionnaire

BIYATLIRHRULT, ROBEHZFHEL TTE L :
For each system, please rate the following:
R FiRE 4 3
One-handed
RFERERE 4 3
BREDEVWSZ S One-hand one-foot
Ease of operation JaLtRT1vY a 3
Joystick
WFRIE 4 3
Two-handed
R F&E 4 3
One-handed
RFRERE 4 3
BRIE One-hand one-foot
Comfort ¥3 ’-f7s7_' v a 3
Joystick
WFRIE 4 3
Two-handed
PEIIE 4 3
One-handed
FER R 4 3
L - B One-hand one-foot
Feeling of safety JaftR7TavY 4 3
Joystick
[EZ:113 4 3
Two-handed
PEIIE 4 3
One-handed
FFRREIRE 4 3
BEE One-hand one-foot
Mobility 9“3*—(17_'*(?7 4 3
Joystick
MFRE 4 3
Two-handed
5 4 3 2 1
FEEICRLW RW =gt ] En FERBICEL
Very good Good Average Poor Very poor




BYATLIRULT, ROFEEZFHEL TTFEI L :

For each system, please rate the following:

R FEE ] 2 3 4
One-handed
\ RFERERE ] - 3 4
WEREESEN One-hand one-foot
Required physical effort “/3'-(17'*{‘77 1 2 3 4
Joystick
WFRE ] o 3 4
Two-handed
PEIITE . 2 3 4
One-handed
\ FEE R . . 3 4
WERERN One-hand one-foot
Required concentration 9“3*—(17_'*(?7 1 2 3 4
Joystick
[EE: 313 ] o 3 4
Two-handed
5 4 3 2 1
FEEITEN BV HifE =10 FEICHL
Very low Low Medium High Very high

BYATLICHULT, AFTERFZRIELLBH S, FREDFT
BE®EE B K7 ORITEAS. ETPRONSWYOIBRE, AKR—
V) OEEEMICDOWTTHELTTE L :

For each system, please rate the possibility of doing everyday tasks
(e.g. opening/closing of doors, grabbing small objects on the move,

sports) while operating the wheelchair:

RFEE 3 2 ]

One-handed

RFERRIRE 3 2 ]

One-hand one-foot

yaer«vO 3 2 1

Joystick

MFRE 3 - ]
Two-handed

3 2 1

ATgEED =LY ML HIHEHETHS FOEETH S

There's a good possibility It's possible but difficult It's impossible




FFREEVATL ZBBLLERFICENSZETTENSSVOREDBE & B
LEITH?

How much practice do you feel is required in order to get used to the wheelchair

with the one-handed system?

FFRESATLICALT, MZRINELERBVWEIN?
Regarding the one-handed system, what do you think should be improved?

NYRYLDZERIOVWT, ALFIRHHBERLETH?
HULHBERUNEBEHRZI TS,

Do you feel that there are any benefits of using the handrim? If so, please explain.

HULMICCER - SREDBNIF ATV,

If you have any other opinions or thoughts, please express them below.




BYVATALIRWUT, ROEBEBZFHFHELTTI L :

For each system, please rate the following:
RF&E 5 4 3 2 1
One-handed
RERRIRE

=2 A ST One-hand one-foot 5 4 3 2 1

Practicality rating “/3'-(17'*{‘77 5 4 3 2 1
Joystick
MFRME 5 4 3 5 ]
Two-handed

5 4 3 2 1

FEICRW EBWw i@ B JEEICEL

Very good Good Average Poor Very poor

CHhsbheESSENHLE!

Thank you very much for your cooperation!

RAY £Z / Koji Payne



