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Method to Measure the Force Necessary to Move
a Manual Wheelchair to Construct the Data Base
for the Manual Wheelchair Navigation
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Abstract: We have developed a navigation system for manual wheelchair users: a pedestrian ITS (Intelligent
Transport Systems). To construct a barrier-free database for the manual wheelchair users, it is necessary
to calculate the cumulative force necessary to move the manual wheelchair. This report describes a method
to measure the force to move a manual wheelchair efficiently. We developed a method to estimate the force
necessary to move a manual wheelchair by the motor driving power of the electric wheelchair. The inclination
angle of the standard slope was estimated using values obtained from experiments for the mass and motor
driving force. Moreover, we estimated the torque loaded to the hand rim from the weight and the standard
slope inclination angle. With satisfactory accuracy, this method can estimate the torque which must be
applied to the hand rim of a manual wheelchair from the motor driving force for electric wheelchairs.
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Table 1 Measured data by the electric wheelchair.
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Fig. 1 Photograph of the wheelchair for measurement.
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Fig. 2 Apparatus for measuring the torque loaded to the hand

rim of manual wheelchair.
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Fig. 3 Block diagram of the electronic circuit.
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Fig. 4 Photographs of the apparatus for measuring the torque

loaded to the hand rim of manual wheelchair.
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Table 2 Components of the system for measuring the torque

loaded to the hand rim of manual wheelchair.
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Result File Name: result/

Last: 108[ms]
Max: 198[ms]

Min: 83[ms]

Average: 119.0[ms]
distance: 1639.28[cm]

kgt: 0.61[kgf]
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Fig. 5 Screen image of the measuring program.
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Fig. 6 Averages of electrical power of the motor per one meter
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Fig. 8 Scatter chart of electrical power of motor driving and

torque loaded to the hand rim.
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R bMEOBEOET LS 2 KT HIEOEZRE A AT
(LABE, €7V 20— T OMEFHG L & FEE R R L 5E9).
X (3) D Dyradgient MERIAEE) & Digse—gradient (FEHEME
FHAE) LEEHER DL, REERAE (Dpase—gradient)
FX @) oEFERIcLoTROONE., 512, X (2) D
Dyragient BBRHAL) % Diase—gradient (FEHEMFHAEL) 12
EXWZDE, Nyowe (Im FMHEE) 13K (5) 12k >T
Kb ENTES.

ngdient =

Dygse—gradient = —0.077 X Mp_wheelchair
40125 X Winotor + 5.729 (4)
Nwork, = 5.190 X Dygse— gradient
1 0.445 X Mas— wheetchair — 25.540 (5)
DEoOMfRE AR TRT LR 9O DL I2hb. £7,
FERE GG € BB 9 THE L 72 1m P £ — & BRE)
BhHEMEHEDREL?S, 3 (4) 12 & o THREMERAE

1mEHHE—4S—
BBE
(Wmotor)
EEENAE
BET (Dbase-gradient) \
BEIE pCTyT—
BB AE SR0) Rl
(Me_wheeichair) FHELT /
HEEAE

(Mm_wheelchair)

9 1m PHMFEHEEDIN
Fig. 9 Diagram of estimating the torque to move hand rim
of manual wheelchair from the motor driving force of

electric wheelchair.
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s 5. 21T, BREMERYGRE L FRIEWSMHEOK
wED, K (5) Lo TRRHEWSMHHZEAZ OKH % &
T LIS EE LD 1lm FHFEEHEET 5.
S E B VS O € — y EREE L, FUR
BTHoTHMEZDRBEIC L > TERRLEEZ L. Th
RRMEMEAHAE ICAR T A 2 LT, BEIHEVLTEREZ DK
HIZLOSWHEE L THREOETO LS Z3Hiid5 2 &
MUREE b, ZLTC, EEERMAELHVLZ LT,
BEOREOTFHECTHHED 1m FUHFHEZHET S
CENTEL, DX, ML - THRED
ET LS 2ETZET, 1 NOWERIZL > THEL
1 DOIEMEMERAED S, EEOREOTHTESHHE
D 1m PHYHFEEZ BB LWL 2 b, THEHL
AT OREEEHRER (R O 70 RS BE T B R B
DIEEHRAT) 2N TENE, BHOLE, HimoOMY,
P DM, 7 & DFEAT ORI E 22 0 9 5 EH %
Wl L7 < Th, R HREHETEV§ O — & B
BEDEMNEEDREDAT, KkEETT HBICLEL
TEZRELAZENTELEEZONS.

4.4 E—FWMEBTHD/N> ) LERE)H IR EKEERIIEER
g &R 2 EREDOFE N SHHE D ETT LS
WVBEET BN B AREN 22 TE B OEERAT )
HAYT, 4.1 Sio92E L 13875 2 M TR IEHNE HE
BE T LNy B ABREN G FE I & B
fio 7z WEIMERER 0 EORNOBT, WEEHR 2.7
JiE L EAHARI 4.6 EEDT A7 7 )V bR, ERMEK 5.2 D
FANEHDO AT =T (GEHFIC 1 m FBEEOERAERH 1.2 BED
WO 2 hEiE &) O 4 WFTTITo 7. 10 |2 1m ¥
YittHEoFE el (X (4), XN (G)12Eb) 2R,
FUME & HEE Ml & DRI T TH 242N (89 10.63%) ,
WKRTH ATIN (§ 43.45%) TH-o7-.

4.5 EXE
10 IR L EBERICBIT AR RKOBEEL 25720

mES:UEN]
= HEME[N]

o u
65kg)
Lin

D = N N = = i

10 JEHMEMESMAREE % V72 1 m PR R e i
Fig. 10 Results of estimating the torque loaded to the hand

rim of manual wheelchair.
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i, EBZME B (79kg) 2 & AMEEHS 0 EORMET
EATREOMERTH ), £ OFERE & HEEMDAITHK 4.79N
(KA TI3#Y 43.45%) THh o7, 4.1 HOEERTIE, 1m P
YitHEEo 1 mMEETE 2 HEETO 1m FLEREOZ
ERATHA9ITINTH Y, FELREI R,/ 20T L
Mo, MR AETRAZLGAEICIIRKTH 479N 0=
HRTELHPADLDTHAEEZENSL. L L, Hxt
MAETIIRAR TR 43.485%DEPH Y, ZOREITHFAT
ELWHEBRZ CWAEEEZLNDL., ZOEKE LTI,
MR 2HEETo 2B B EEZLND. KI5
TIRFEMT -7 &b L iZhlFEXeER L, £z v
EXATo 72, ZD1DIT, RAERD S OFEENTH S
5. XDEEOLLWHEEERT)ICIE, TR L R o
72 (Rl 10m L b)) =EF V2o —7%216m L, @Eet
TLIREORE L ZEBOERSINEIC L LM EITV,
T T =8 iz THERLERT 2LENH DL EER
b5k,

EBROER LY, KREOEL Z2EHOMWEH I L o TH
EEINTE—FERBENZ D L ICREERAE Y EE T
&, EERIAE L FHECTHBEOREICL > TED
NCHRESTLFENY K LB ZHEETE S EE R
SNA. 43 HiTHhR72E I, 1m FHE— Y ERBIES
Elm P FRIIERZOEREICL > TELRLELE %
B, TS LT, RUEMERVGEEIE 1 A PT ORI LT
120 ERD, 1 DOREMEFAE» SEEOREDTF
BHEWIHHED 1lm FHORFEZHETE L., 202
o, BEERAEZHE BT NY T 7YY =7 =y R— 2|2
FEHLTBLZLET, FHFEVWIHEHAEONEICED 2o
kA BEIRCE L EEZOND, /2, N (5) &b, %
BB DK S VIFTE R & N> B L BRE ) % 05
ETHIEND, MEEMAEZERLIZENTNY T 7
) =7 = N= 22 X BREEFER AT I BT, NUFY
LERE N R HEET A DT L, ER I TV LR
AELZFIHLIEROEZ OGNS,

5. BEBERAEEZANAL FHEVTERE
[a] 1R IR SR

51 BET—20D7 7 7HBENDEH

EEO M2 5 B 5T £ TOREEE KO 5554,
H 19 F T Ol R MR BRI % SR 2 R AuiR i
B O MW HETH L. RERKEHEET LT VT
) A2 & LT, Dijkstra R0 AMER 2 &5 5. FEjH
W BT ORRIRER REH RN T AT L2V T
MLEMIFEIC BT, Dijkstra #ExERE L7 0T X
LHMEDLIT NS (6], SUEMERHAEE 2 R L 7ok iR R &
T %3, AEMERIAE (B X ORI v
12 & o THlE L7-#EIE#HR) % 2 A M & LT Dijkstra 12
LB FHENPTRETH S L %2 55, Dijkstra iE12 L 55
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DR R WO NL 7= 7 ik, /- FERET Y
THEENOHERIND VT THEETH L. IEMEFHE
FIH L RRER 2 FEH T 20123, WELLET—% %
BT ERER OV 7 7HEICAR ST I wE
ZEZONL. FHEHRNEHERHF VST, —EkE T
EAGEAT L7 BT EOTE# A HIE LEtdk L T b (2 ).
I EFEF VT HE T ORBRER THHT 572012
X, Ty OMlERSE ) —F, J— N LoOBEEREG
Ly Y, HEERMELAIANE LAY T 710453
FTLULEND L. BEIHECT 2 FIH L C—ERMI &5
FRL7-BRIEIE Y 777 7 IS L, 2% Dijkstra i
WS 2 HEICOWTEEE M [17] ITRENT 5,
CORETIE, WEF—Fho /) — NEGLT Y VES%
L, BEOWET =45 % 12077 7~EHlT LI L
T, W% T — % % Dijkstra 512 & 5 fEBERR ICF AT RE %
BRI ERT LI ENTE S,
COFEEEEEFAENHOLOICHEEHEZ L L,
K11 12 IZRT LI LTV T) AL ks, 22T
Wz 7 — 2 O%E4A (ListD) 13 1 BOBEIC & o CEtssh
7= Thy, BRI ETHELTWLT—5 L35,
F 7z, WMEIE ) — FESAR, = v VESERDIEIZITV,
Iy VEAERED  — FEAIE, M 10 OHEIZL 5T
B EN ) — FESGET D, /= FIESOERTIE, #
KM EDOMEA T/ — FiZFE—0 /= FE R L, —E#
WD/ —Fa2FeobI LT/ — FROHHREITS. / —
FZ2FLorHHIZOVTIE, MEFBHRIUSOREIZX -
TEDLDLY, 3SmBELZHBEL TS, Ty VESDAR
T3, 11 DML sTEF DN/ — FIZx LT
Ty PERERTAS. STy 0 nb T ANMIBHE T
DFESTHHEAS 3m 225 T L2 1m FWE— ¥ BkEhE
NeER L, INEMEROEB)F T OFERE DREC
Lo CHMHEBAERMEE L, / — FEORADELEMEF]
AEZIA N LTRETNVIIWEEZ LS,
BRI IS L AR IRFE O HED 1L LT, %
WS A5 BT E COEBORE O G, FUEFR A
FE (BB WIFFEHEER G & L ICHEE L7 1 m PR
DD S /NS VIR T 2 HENEZEZOND. T2
721, BEERAEORMAVNS WK TH-ThH, €0
FEHE OB EAT AW RE L TS ® o 725 5121E, 22 %
EH T 5% 2 BIRT LB D 5. ETATRER G
FAE L7 E ORI & 0 L 72 2 3R 5 72012
&, FEIECTHHBEIET TR AEER AE LB S
BHIZOWTO IR MR ERA (VAT 4 LORKAME) 12
RETIUTIVWEEZOND, Z2070I121%, BBEEY
AT BAZFE I E ASEAT I R 2 EMEME RS L O
KA (LARE, FEATWRBAEEEARIAE LRLY) 2 ELTH
SBEND 5.
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ListN : BiFD/ — R&ES

ListD : BIET -5 DES

d: AET—Fty b

n:/J—k (J—R&ES, BE, &€, 75

for each d € ListD

| pos <« d DRIEMIDMIBIFRGEE, BE, 54

| for each n € ListN

| |if (pos & n FEIDEEBEA XM AND pos &n D75 —%) begin
[ || 238 U(BEFD S/ — RER—J — R &3l

| | end

| else begin

| ListN add pos (nZ#i#i_/ — R & LT/ — RESISEN)

B 11 /= FESGEERT VT X4
Fig. 11 Algrithm of node-set creation.

ListN : BffFD ./ — REE

ListD : IET -5 DEES
d:AIET—5Ftv b

n: /J—R (J—RES, &8E, BE, 54D

old_node < NULL

for each d € ListD

| pos « d DRIEMKDMIEIERGEE, BE, HA4I)

| if (cost < EEMERIAE) begin

| | cost « EEMERNAE (K (4)CL>TER)

| end

| n < search_nearest(pos)

| if (n !'= old_node AND !search_edge(old_node,n) ) begin
| | add_edge(old_node,n)

| | cost < 0

| end

| else if (cost > old_node5n ADIw DR ~)begin
| | old_nodem5n ADIy DR NaEH

| end

| old_node = node

End

search_nearest(pos) : ListNFRDpos & fsEIRLY.) — RERsD DRI,
search_edge(old_node,n) : old_nodehSn &7xdTw 0
FET DhETANDEEH.
add_edge(old_node,n) : old_node H'5 n ERBTYZZERKL,
ListN(ChNZ 2 Ba%8.
B 12 Ty VEEERTIVTY XL
Fig. 12 Algrithm of edge-set creation.

5.2 ETAREREENAEDRE

FEAT W RERREMARI AL O R E 12DV TS, P 3
& FF O TEYE S O AT W RE SRR B &
AT, S ERNE O TFTEH R O£ RE LT
MR Z S 2958k, 84 OFE E WS fIE OET
WREHEMERIAE LS O LOMEL, TNE#EHT 54
EVEZOND. PN REN R TEHECIHTE O
FEATWRESEM R AL 2§ 2 LTI, CFLT O
NOTFEHE NS HE ORBIRR IS T E v, b
WIKT O F B sl I O AT T RE AR MR MR £ L % E
TAHHETIE, EOFEHECGMHMPF IS L THETTRE
RSB DFERASITRE & % 575, $&IRTRE % R A R B R
T O F- B H A § I HEAT T B AR ISR S L B .
DL BRI EDNS, e, HLADOFHENSHEHZTD
AT REAREERIAE L H 52 LOMlE L, i ETT
BEAVEMRAEE L L CGEMT A TENE I LV EEZER T
b, EAIARWRERGETE LTIE, 2% A0 — 774 EOkkHE
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HICRE L N ELEL T 280, BeriZrkwaa—7
R EOFHEN LN ELELE T LD 2O0WEZ LN,
ZD20ID0WT, B LEEFAEDO AT - T 5k
TE&E, ZONDEHER > TGEFTE L A0 — T DMk
ERMAE 2L THB E, TN BT REIRMEMERIRE &
THIEERBEL TS, EfTTRERREMERIGREOWIE %
To TV WFEHWIHHEIZOWTIE, LIZBR~R7 T
Y0 2 600 % ¥ o FEh B 3 H 3 O B AT I REALMERE R
FExEH LHa L, RbBERWEDOFEE W fiHZE D
AT BRI BRI A W L2 E, o CHEEORKE
FORL, BBERZITVW 2 WFERREWS S IOER S
HILHEZTNE,

5.3 BEIEVIFERHER T ORRIERADICH

K (4) Ti&, BEERAE (Diase—gradient) & BEHENT
BREDOWE (Mp_wheeichair) & 1m VT — 5 EREES)
(Winotor) DOHEE LTz, O b, HIEMERGEZE
BH VI HETREOME L 1m P T— 7 BREE D » S e
TELEEZOND, 1m PHE—YBEIEST Whotor)
ZHWEY, BEHEVTEREDOHE (Mp_wheelchair) &
HAEMERHAE (Dpase—gradient) ZHAERE L7 &, 1m
P E— & BRENE I (6) olgic k> THETE %
(R? =0.936, P<0.01l THE, 2 2003HEICIZILE
HER L), ChaffT52 LT, HLE CRET
DO EZE—-YEEZHE L, BEF VT O/
TUREN R 2 AHICHWHICEETE 202052
LT, BEIHEVWTONy FUREIC P PDLLFES - 3
VICHIBHTELEEZOND.

Winotor = 7.401 X Dbase—gradient
0614 X Mp_ wheeehair — 43696 (6)

6. BhHYIC

FHECTHEHBNTEBRIRE S AT LIBT3 T
7 =T = RX=22E, FHECTOBHICLEL LD
NEZEENICHBTE 2 HERILETH L. TERpE
CilE, WET A2 L2 HIE L, BEE VT 2BER
LB L L72E— F BRENE ) 5 O FHHE VT OB ICLE
b NmE e T B HEC OV TR T o 7.

FERECTHHZEO N B LEREN 22T 5720
(2, N R LAEREEHFE T 2L, £E—%
EREEE S & ORIEEBR T o 72, ZORKENS, EEHE W
FTOE—YEREE EMEREDOREIZL 5T, FEDOE—
Y EEIE ) # LB L T 5TV AT — TOMBHE (HhiE
TAFMRE) ZHEET B i ER L. F72, HEuEEpA
FABEWTN) 7T —F = RXR=Z [ ZERBLTBL L
T, HMEMERAE & REIER TV WFRB R
DIREN S, Ny B LT A HEHET FEHBENOR
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FETHETELILZRTIENTE, ZHICEY, &
WEPHEE A ENT N 771 —F = RX= A ICERT 5
Z LT, BEERLITVICWTEE W T HECEE
THEHEOERERERI G DR R OIRRATTERIC 2 5
LEZBND.
AAOMEL, (1) EBRICRBESRIEHESEVST
W5 L7z€— & BRENE ) & LMEMER A AL, 2h%
FIZEWTNY T 7Y —F— I R— 2T B L, (2)
FEBh B35 O AT RE 4 SEHEME RN BE O Ml i &
FFEL, WEERLTFERT L L, (3) ZoORKEE DL LI,
FEI BV A A DR RBEOIRR AT 2 5 %K%
WRVATLEHBTAHILTHA.
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