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ASTUDY OF AN INTUITIVE ELECTRIC WHEELCHAIR
CONTROL INTERFACE BASED ON WEIGHT SHIFT

Abstract

With society in Japan aging rapidly, electric wheelchairs are becoming increasingly important
to enhance mobility for elderly people. The aim of our study is to develop an electric wheelchair
which is driven by human intention. We try to extract the human intention from the weight shift on
the wheelchair seat instead of the conventional joystick device. To design the system, we developed
an experimental electric wheelchair that can measure the weight shift from the wheelchair seat. In
order to measure the weight shift, we use three load cells to detect CG change. We evaluate effect
CG change due to weight shift between on the flat area and slope area. And we also evaluate the
two different implements according to cognitive aspect and safety aspect based on the Kansei

approach.

Key Words: weight shift, electric wheelchair, cognitive engineering, safety engineering, slope
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Fig.1 Voice Controlled Wheelchair Fig.2 Brain-Controlled Wheelchair
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Fig.3 Motorbike cornering Fig.4 One handle master controller
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Fig.5 Two control approaches to control vehicle
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Fig.6 CG positions of the two-wheel vehicle and four-wheel vehicle on flat and slope area
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Fig.7 Load movement interface for electric wheelchair
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Fig.8 Correspondence between coordinate system of load movement interface and direction of

movement of electric wheelchair
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Table 1 Relation between CG position and slope

(G position of the lengthwise CG position of the cross
direction of the vehide[mm] | direction of the vehide[mm]

Hat area 043 025
T -1.03 -1.03
Hill dimbing slope
5 —1.38 155
g -153 128
Left down slope
5 -1.65 -1.06

FER IV, Wil &R & OfFEALE O ZETMA TH 2D 72 DERMRI O ZAL A EALE I
B2 0BT EAERVWIENRE XD, £ L0 AMPMERBREICE W THWTIZ
TR LEGA, EEMEMESTLICRD L) RES, S>F 0 EFKEICHENDENN—E
IZ7R2DEND ZENSND.
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Signal processing unit

Wheelchair
d —_——=
Back Forward[ ™ dt g Back Forward || Speed I
P Fuzzy Controller _»I I
Pressure Barycentric |
information > _ positiorl ' g I
from load cell information d . |
> > Left_Right I
Left Right dt R Fuzzy Controller _’l Steering I
L — — —
Fig.11 Fuzzy control system
Table 2 Fuzzy rule table for speed control
Barycentric position
E Il = & - -l -BE
E E E E Ji%il = & -
Id E E Il = - -1l
Barycentric | 5 B | M B & -5 M| -B
mowvement & E i = b -5 - -BE
speed -3 B | M = Z -E 3| -BE
| WA = Z -5 -t -B -E
-B = & -= - -EB -B -B
(B:Big M : Middle S:Small Z: Zero)
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back zero forward

1.0

CL1CL2 0 CchHZ
Barycentric position

Fig.12 Fuzzy membership functions for the barycentric position input movements

A

back zero forward

1.0

0 -
RLl RLZ 0 RH1 RH2

Barycentric movement speed

Fig.13 Fuzzy membership functions for the barycentric movement speed input movements

-18-



5. 1 BMIPM7 TO—FICEIVVEEBESVE—T 2 —RATHS D OHME

BE LT 7o —F IS WERIE T LT Y X5 e L TAMO D Eizic L 5iE
DENEEE LT 7 D R AT AR S, BlAIE, BERHESC/SA 7 A0 E
ERICH—TTHEE, RIAAR—IEERICWELZ AU~BEISE TS,
ZITARMELTIEIND Z B E 2 - FBN B 2K, BEEMZEE LI 8IESIE
ELTRD &5 7l 2@+ 5.

1. IF( MFEACEDATT ) 2> TR E OB B EASHIT ] )
THEN T 8% F % Fij i |

2. IF( FENLEDRZEN) 2> [ EALE OB BREE A = S716 ] )
THEN lHLf7¥- % 72 fig[nl |

3. IF( MFENLENRTT) 2o [EMEOBBIHEN K STTM] )
THEN i+ % £2 18

4.  IFC TEFEAMAESAR) 2> UFEAEOBEEE A TTm] )
THEN #7245 gl |

AT 7T 7 a—FICH DN 7 7 ¥ o il K 2 W EALE & BALE OB B
X 5 HRr O EE(L A Fig.14 ITRT.
WO BRI ER T OERIZB W T HREETH 5.

speed

barycentric position ~

barycentric movement speed

Fig.14 Fuzzy surface for the membership functions of the barycentric position and the barycentric

movement speed, for the speed

-14-



5. 2 RETIPM7 TO—FICEIVEBESAVE—T 1 —RATHA U OBEE
BRTFHT 70 —FIESNTHT A okt L TEBEHEROV N Bva s br
— T DIRDBENEHM LT HEGR S AT &M Lz, flzX, EHEOT N Rz b
2— 7 OE, MERFZE, LA—ZFANcgI< 2 & THEL BT, BRI AA—%
P Z & CEENCE L b TICEEITEBRIENTE L LI LT 5.
FDIDRGGLTIEING ZEEE 2 - BB E ZICESX, BETFHT Vo —F I
HSWEEEE L LT®RO X5 AflERR 2T 5.

1. IF( IfFENLERATT ) 2> [ EALE OB ARG M )
THEN [ #f5 1 & #£18)

2. IFC IfFEALENEA) 23> [ EALE OB ENEEE N /2] )
THEN I8+ % 45 g =l

3. IF( IfFEALENEST ] 2o EALEOBENEE 1% A1) )
THEN #4757 % Aift |

4.  IF( T EMES AR 2> [ EAE OB BN A4 A ] )
THEN IHLA5¥- % 72 fig |

BERTFHNT 7a—FZHDNW=7 7 ¥ KN K 5 ff EALE & o BALE OB ENEHE I
X 5 HR OB % Fig.15 (2T
£/, WOBMRITRM T T 7' 0 —F & [FREICERFOERICB W T HEETH 5.

speed
-

50

0
barycentric position ~ ~%¢ .
barycentric movement speed

Fig.15 Fuzzy surface for the membership functions of the barycentric position and the barycentric

movement speed, for the speed

-15-



$6E 2 DNTF FA—FIZ & HIREMDEVOREL

P4)25DT 7 —FIZEDSWEET A v ORHED ARG 21772 5 728, A%EE
BRI L, B OB ITEEL TH bW, EEOEITT A M &{To7k.

FEATT A ML, 2 0DOFTH A » OFE Stel=H(1)5m OERK ZEE, (22 AD/1 1
D& FER L7 2s ST, (3)50cm D AN—IZHETE D 3 DD/ F — 2 ZfToT=. F
TINODEITT A N TR, 22007 A L DA 0 Z—T 2 —ADENEMEIZ DN T
T hr— N EIT o 72, Figl6 IZETT A FOEKOMER, = LT Fig.l7 IZETT A b
DERFZ =T

(1) Straight line driving
'
o=
=g
(2) Slalom-course driving

(3) Position stopping

-

50cm

5m

Fig.16 Course for driving experiments
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Fig.17 Appearance of the experiment
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© REBENC L DBAEHIETIA A VLT, I aYaiEiel ERTE .

- A= RBRERS TV HENWTEFIESED L XL, MEEZEI L TEILSELZ L

EEL Y,
Table 3 Questionnaire results
_— Comfortable | Lucidity | Habitation | Seree of stakility| Sense of stability
articipant in accelerstion in deceleration
1 :Bad—5Good | 1:Bad—5Good | 1 Slow5Fast | 1:Bad-5:Good 1 :Bad—5:Good
Participant ) ) 4 2 2
Participant 4 4] 4 2 3
Participant 3 o 4 3 1
Participant 3 ] 4 3 2
Participant 1 3 2 3 2
Participant 4 4 3 3 3
Participant 3 3 3 3 1
Participant 2 4 3 2 2
Average 313 425 3.38 263 200
Standard devigtion 117 033 070 043 07
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Table 4 Questionnaire results

EMNTET.

Sense of stahility

Sensze of stability

- Comfortable Lucidity Hahituation |, ) , .
Participant in accalerstion in de celeration
1 :Bad-5:Good | 1:Bad-5Good | 1:5low-5Fast | 1:Bad-5Good 1 :Bad-5 Good
Participant 2 2 2 4 4
Participant 1 2 1 3 3
Participant 2 2 3 2 4
Participant 2 2 1 a3 a3
Participant 1 1 a3 4 a3
Participant 2 2 2 a3 4
Participant 2 2 2 a3 a3
Participant 2 2 1 4 4
Average 175 1.88 1.88 3.25 350
atandard deviation .43 033 n7a (.65 050

TUr— ROFER LY, BWETEAT 7 r—F 2B U IR T ERO S 0 0T X )
R MENORE ) LV o 7o P ECRMEIC T 25 M A< 2D L WO R EH. —F
T, BRETFMNT 7a—FICBL T HEILRORER] © [ETRORERK] 7o EEE
REDOLEMEDEIZB W CRHMENE L 225 E WO R EST-. FETH%OEBICE N T
FRE DR 2157, £72, ERARFHEE L TRERBEIA v ¥ —7 = — ZDBIEICE L T
XY a A AT 4 v 7 R ETHASNTWS, RBEMTHENT 7 a—F 1287 5 H(E
FEOFTHmNE L 725 LW fER L 72 o7,
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(a)Flat area (b)Slope area

Fig.18 Experimental environment
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Fig.20 Appearance of the experiment
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Table 5 Questionnaire results

(a)Flat area (b)Slope area
(1)Straight line driving 4.5 2.2
(2)Position stopping 3.4 3.5
(3)Slalom-course driving 4.1 3.7

ZORERNS, BRI W TR EBENC LV #E2 LIchGE, Rzl L7256
WCBWTHERIEMEDIER T RARESAOND Z LN 0D, £, #if & v 9 BREETlEH
R EDEATIEREME T2 2 L300 D.
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Table A-1 HLfRD{AR

T2 R

KMC-0001 % -KMC

~HE AT IR A1 X 42 ) & 980x1iF 625% 7% 930
(mm) T =AU ANy armE T —h B LY 150 7> 300 5 B
HE ENEN 70
(Kog) RyTUETe 100
A S (A2 22 AN ZAY) #% i 3.00-8-4PR (£ 350 Z2&JE 294~314)
(mm kpa)

L — LK R O (mm)

ETFAEI: S —R, T AL RN, Ly ST

> —MiE 390 > —RRATE 400 Ny /L ARNEX 435
VIIA=T 5 Bl ik A% (85~105 L)
Bk 5= 4 Wi B
il dh 7 = T—HREB M OERET L —F 2L D08 K
il 5 =X VaA AT 4y A a—Z L LA A5 1A E - HlE T
BREE— % DC 7731 A 24V 280Wx2(30 43 iE %)
R T LC-XC1238AJN JESHE
Fe AR B A A~ — (T BB FEE T X (HfL 7T HE
| 8~12 Wi
W 5 151

:I:

feEd 6km/h
WY % 3 BEP%:3.0, 4.5, 6.0 (4.5~6.0 55 1))

HE A T ERAE(km)

%tﬂ%#ﬁ’fﬁf‘%ii% 75Kg, xR, S
HERE, /X7 VBTG SRS 70%4% 3 FC 30km

2 PRI A FE () 10
Bt el m & pindE iy 80
T 3 kR (mm) 100
e/ NATHE 4% (mm) HIE S 7w N ARO Feb AMEI O LT 790
fifi FH# foc AR (k) (B 2) 100 BAF
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Table A-2 ICAREBR TR L7-E® o oftkEz R~d.

Table A-2 £/ VD4R

EREIS & +500N(50.99kgf)
EREEIT U= #7 43.9kHz
PR A 150%

TERE ) 0.75~2mV/V

FEEHRIE +1%RO LI
ERATYL A +1%RO LI

BERHE N 1~5V AD %713 DC

A EINEEE 7V AD 7213 DC
A ST 350Q +2.5%

i ol £ 0~50°C

R IR -10~60°C
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FASHTWS. FIZIEAERE, 4— NS TRELNRI—T 2T 558, HEEIXE
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TLTWD., HAREIIIMEEZRAT28E CThY, FigB-1l OXIICEETHZ & T3
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-26-



F
(D)
b ¥
el /2 || .0
| - e e

Aj

=STALCT VA A XCRTATE]
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Fig.B-2 ([ZAMIZE CEA T 2 BENE T O 72D DI EEA V2 —7 = — A% 1”9, HA
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Head angle
SeNnsor ~

Signal
processing unit T

Fig.B-2 Configuration of proposed electric wheelchair

3. 1 ay ha— Y RT AORERR
RN 0D Ol - AT M OERHE - ERAEBRIIT 7 Vs BRmIc kD A —
K 27TV TICEHBREIND.
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Signal processing unit

— e e e e e e — — Electric

I . Wheelchair

d n— —— —

I Back Forward I dt > Back Forward ﬂ—» Spood Il

| Fuzzy Controller Il
Gravity acceleration L Head

information tilt-angle  [—p,
from acceleration sensor information d )

I —> — —P] Left_Right

Fuzzy Controller .
I Left Right i R L"] Steering ”

Fig.B-3 Fuzzy control system

3. 2 TP 4 BBICE DAY —FR « 277V 7 OHIH

Ay he—7 TEHENTZEE LSS, 20 he—I b0 & EREO BB H T
DAE— R TIIMHENRET L EEZEZOLND. ZOMEIIHEES 2 ARICSE DA L2
HEBEZOND, T CHEZBDIELIMNERH S, £7, PDHIENC LV HEL R X
B, SHICEHESHEO LEEH L TOLLDOBEBEOEIICL DAY — ROMHENEZ HBILD
728, fERMG LERHEHE N NS N E FICRERAE— REHT X ICRE L.
BREINTZT 7V 4O —11Z, Table B-1 TREND X 9724 9HOHIEL—
KRR SN D, FoERH SERMHEIC L D A Y — FOZLIL Fig.B-4 © X 5 72 3kt
DT T 7LV REND.

B, THOHOMBUIAT T Y KR LTHRBEICIT b s.

Table B-1 Fuzzy rule table for speed control

Tilt-angle

B/M|S|Z|-S|-M| -B

B/ B/B/B{M|S|Z]|-S

M|B|B|M|S -S| -M

) S|B|B|S|Z|-S|-M| -B

Tilt-angular-

] Z|B/M|S|Z|-S|-M| -B
velocity

S/ B/M|S|zZz|-S|-M| -B

-M|M|S|Z|-S|-M|-B| -B

B|S|Zz|S|-M|-B|-B|-B

(B : big, M : Middle, S: small, Z : zero)
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tilt—angular—welocity tilt—angle

Fig.B-4 Fuzzy surface for the membership functions of the tilt-angle and tilt-angular-velocity, for

the speed

4 EER
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Table B-2 127 > — M OfERZ R T.

Table B-2 Result of the questionnaire

maneuverability | comfortable Safety

subject 1:Bad- 1:Bad- 1:Bad-

5:Good 5:Good 5:Good
Student 1 4 3 4
Student 2 3 3 3
Student 3 4 2 4
Student 4 4 3 3
Student 5 3 3 2

Fio, T — MR TR o 2RI A KO-, FORELE LTKRO L 5 iz 521)7-.

® HHZFIMLIBEAEIIBD T Tho7ehy, T<ICRADZIENTE.
® HETDDIZHEM S 72, RWEOMEAITEEL V.

T = R OFERNG, BREVE - BRI OWTIEY a A AT 4 v 7 L [REED @O ERENE
ARFD LNTEIZN, REFHOMEME L EoRER RN

-29-



AWFEAEED HIZH T2 0, WU & HIHER & THO 72 0 5 = BR i 72 & DNZ /MR —
THERRZ D X 0 BB U £ 97, eI, EBRFIEORE, fXoliy, —»
O TEEIHBURN & F Uiz, /IMRIEEIZ S R 722 5535 % i SC O -C BT 72 1 7>
O R—FLTWEEE L., Fo, BAEFITULIGVC LV T LWEEE 52T
W2TRE, ZZTLRD Y ZERHKRW, L TCHLAERRTFAAIEZED Z L0k
F Lz, ERTEIEHLET.

F72, ZOIGVC TN 7-TE®), % L CHFRISEIA @ U C akx 2RI AT E Ao T
SWELEE—Z VIO EETH D, KL S A, BHEBRRI A, AMREE—S A, 2K
TS A, THKRFS A, BIRHBS o, AMISERESS A Z 05280 TR EHHB L L
FET

ZLC T eSS =Y a bR E TIRIAVEEREEZ 222 L, MRl bR sa L
TN HBEEEE, 2008 D IGVC IZBWTF—L ) —F—L LTEWI —F—2 v
TTF—LERY ELO, AA UFHETOEANEIZMT I 72 KIRER, T— 41
A = TCOENOFHF A LINRNE, TRTORICEBNTHRAEORHREZH L TINE
MHES, Ter—varJ—4—L LT, TLTALA—RKA—H—¢L L TF—L%5 -0k
ST NEHEBNEL, KANE L TARKICE LI AERRIEHZ A2 THETE T
Tl EVIEEL TR £

Flo, REXE—Z AV TOIFENZENTT — L% FbH X2 T NZRAME, NiEE
So . R, BEHEEE, RREE, EEGAE, HEHAEICL S THEHLT
WET. FRRLEBIIERTF— L) —F—L LTETETOIVERE ZHRELZ L LD
FELTRY 7.
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The 15th Annual Intelligent Ground Vehicle Competition
Mechanical 84

The 16th Annual Intelligent Ground Vehicle Competition
Mechanical 84
Autonomous Competition 54
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Development of Intuitive Visual Navigation Interface for Electric Wheelchair
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