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Study for powered wheelchair to climb a few steps with sliding mechanism of
driver seat
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We have developed a personal mobility vehicle, named as RT-Mover PType WA

(P-WA), with four driven wheels that is capable of negotiating obstacles. Because the terrain
corresponding to our daily activities is mainly paved roads and partial steps, slopes, and stairs,
i.e., parriers, the main mechanism is a wheel due to its high energy efficiency and high-speed
capability. We have also proposed the algorithm for P-WA to climb up a few steps with slider
mechanism of the driver’ s seat. For the evaluation of its performance, we participated to Cybahlon
competition in which people with physical disabilities compete against each other to complete
everyday tasks using state-of-the-art technical assistance systems.

P-WA won fourth place in the powered wheelchair category, which means that it can technologically
overcome barriers in the daily life of wheelchair users. In fact, our pilot at the Cybathlon was a
real wheelchair user, that is, our result of this research is useful for many people.



¢ X C—19, F—-19—1, Z—19, CK—19 dm)
1. WFZEBHAA S 4075 5

tHEHEE OB LA BRI B ARICB W T, EiRE 2 & O BEITE SR ENIR#E 2T
HOE LIEAEEEDTZDIZIFFEON~HRENICHNT ONIRERLETH D, STICLD
BENIEREAEO ECREETHD Z LYK TH DN, TITINAT, EEFIHZ LT 5 7=
DO IIERBOTELEETH L. ABESCHIBEOGERRORE IND O EEN
THONTHD. 5%iT, BE 28O BEIEHE CB BN EEE OIS B 2 5T 5 72912,
BEIHEWTICARINDG AR HOBE RGO FEERPRE D, 272 LI
1%, lENTWABERIHEO T ORI & ORBEHNI T 2B E5E /g <, A
DELNTWAHZ ENHETHS.

HH A AREEHBENGE /M EICBE T 258 IT R <AThi T & 7z, KRB BREh g 2 1
FEAICELE L, RifRIC 289 D/ S RfigailE 425 6y A 7ot (K1) °, KD 4
XA 7DOL0 (X2), 2V, LAICHEERRS O\ HllE 2 AfFz, Bifiio-Du 7= Bl

AETH 2L TRHEID 2 I _
W (R L BEEE B

BP0 B2 LS O LLL L
WEBBT 55470 / BNl
P ——

D, 77— FXDHL D%
E X F I FE R B
INTET.
IHHDOEWTIL, A4
DOHEEFA R 720 B F
AIAEE S TWD T2,
BFEICHOICADEER
FAT OB ZENEET D
LAz, EA T oM E <= o ‘ '
NRE L 20 BEhMERED 1. 68ha4A T B2 KEAGHEAT
FELLWEAPLTLEID
DHERTHD. ZO—FH T, AFEOBESHRELRO TSR TEBEOH LT T v
N7 4 —LZ2EHT 5. FHUER 3 D RT-Mover >V —XThH 1, 4 SO HEHEEHAMST L TEFEIZ
SHSATRE/R 7=, ERZEICKI L CEEMAOLBEI LR &L, HD WX, EAIEHIELICEEME
NHEELTHRBEFEETHD L WO RS EE-S. 7vl, — BNy a—F FRoOBEMRT Rk
HRBEIRE T E W AS, HER R L 0 b R & O EENA KX, £, yr—FH
BORERICL Y, =L XRhROEmBPERE O CHlR IS 5. AL CTHEE L T\ 25 BE)
BREEIE, BB IR —RAICE ORI ICH HRETHDH. BEIEMER AT 5 5R
BOKRMyZ2HODOITEHEREI CTHY, ERBEERE COWE, =L XEH TCOBEEL
BRI TDZENEETHD -0, il XERHAL TV,

Front .«
roll axis

(b)
3. RT-Mover 1) —X : (a) 3T ATREL: PTyped, (b)2 BXDERE% £ 3 PTyped

2. WHEOHM

PERMFIE[1]TIZIX 3 D PTyped & VT, #53 L7 RAE C AR} <0 BMLE: 72 O B Bl il 48 7
TV ALEREL, BAELTZ. ZORIZIE, HAHmEZHO L SIS EiF572012, %Y
3 OO X FFHER TIED XFFLAICEH LN AD X HIZ 3 DOXZFFHERON E 2T L Tz
PType3 CTlds — MR ELEAIZATA RTDEEINL T, 3 DOXFHlRCTIED XRiZMA
FENICELDNRBEZFF> TADLLIICLTWNDZ, K3 MO X DI 2 BEDEEEZEDBE
THEL RV, BELBEITT LY XAOEMEARIECE 2. 2 LikBEAIE, 3 DO EE
O EEZTHTTmODAR—ZANNKETHDLHZ L L, 3 DOXFFEHONEOTHETHIET
Z D REHOFHDN/ NIV ETH o7z,

ARFFETIE, 5 L3 5 REHMFIH %2 ERAFZE D S HITIERT D, oF D, HERIFZEICE
T HEERENT THMEZE) BRHETH Y, FRMT BIRoBEE /NS, 2o, ZFFHgG
DONLEZRETE D AR—=ANFETIHE) TEX 3 b)D X 512 2 Bk ToOEREEEDOBE)
NARETH 720, ERRD X 9 RIS T T &b B0 THEE: ) £ TREGSFIE ALK



TAHZERHMTHD. BlzIE 3 BRDOMEE L2354, KN 40 EREME, F /MBI
(2o D ZFFEERONE & LT D A= AR 72N T2 DR TR DR CTIIBEIN AR AFETH -
7.

[1] Shuro Nakajima, “Improved Gait Algorithm and Mobility Performance of RT-Mover Type Personal
Mobility Vehicle,” IEEE Access, Vol.2, No. 1, pp.26-39, 2014.

3. WrtoHik

B 7R F-B Tl B 15, PTyped OFFE THIRAB LN — b (55) HO 2T A Fic
L5 BB ERIENICTENT 5. >0, WREAEZATET0.6n, £4T 0. 4n BETX
DR & £ o 1o BB SR A BT (TR L, R ORI 5 EOBEIC L 0 R
BB O 7R 2 TR 5. (RO BB B T, BRI OB B & R
TR B 25 % b O/ o oo, AT, HBRIAEOBEIA L L TH
FHINE S D RED BT 5. 27010, BEEREO A~ K y=T (0 4) &V 7 R
T OMEETH. ZOET, TARRIEEREITVSORBEMNZ 5.

4. WFFERE

AWFFETIE, () $k58E - EEERE DR 23~24 4EFE SElG 4 B 0O LRSI RF ZSHEE #] BE D ELR
IR DIALEIE T v = OB LT b D& _R—A LT, ELBEFEAOILK & #HE
EHRA = NR=ZADEFEEITH -, O LT, BXREIE, ara—F AT AEHRICEE
LT, W=YFNEEYT ¢ & LU THERARRIRBIZHIE L, RT-Mover PType WA &k L7
(K4). FEITHE LY SEOERELBIHTEIBHHIE T AL IY XAEZEEL, EH L (K
5). 7B, NEHEMOEE L g oA 32m b)) EEREiH 2O Powered wheelchair
ERRTC Y L, 3 Br DB D 0 TV 2580 T ORBEIRES 2 BB R LT (2016 45 10 A).
HRTAMOFRER (K6) HIRTZENTE, BEMBOAEINEZFIFTX T2,

it e =iy A8 EE B
4. PType WA K5 3BDOEEE L5 PType WA

5. FE/pREImLE

dEEsR=0) GG 41k
OHIEFE, “BEWd 2 —P 2K 5 PType WAEA LAR— 17, Mg 7V > 7, &HiA, vol. 20,



no. 11, p.52 - 57, 2018.

@Shuro Nakajima, “A New Personal Mobility Vehicle for Daily Life: Improvements on a
New RT-Mover that Enable Greater Mobility are Showcased at the Cybathlon,” IEEE Robotics
and Automation Magazine, #Hif, vol.24, issue 4, pp.37-48, 2017.

( DOI: 10.1109/MRA. 2017.2711603 )

QHUEFHH, “ERSHE A A A 2@ UBE YT v 7 4+ — L OBEIWEREMERE & 4 i1 A
ENSOmMR”, AATRy hFEEEE, A, vol.35, no. 10, pp. 739-749, 2017.

( DOI: https://doi.org/10.7210/jrsj. 35.739 )

@®Shuro Nakajima, “Evaluation of the Mobility Performance of a Personal Mobility Vehicle
for Steps,” IEEE Access, #&cf, Vol.5, No. 1, pp.9748-9756, 2017.

( DOI: 10.1109/ACCESS. 2017.2700323 )

(FyE] G 124

(DShuro Nakajima, “User Test Report of Personal Mobility Vehicle, RT-Mover PType WA” ,
Proceedings of IEEE 37th International Conference on Consumer Electronics, January 2019.
@HUEFS I, “ B AT L-L O MIMERMIE 2 BB TRl T 23— Y FAEE T s E—2 L
DOWFFER%E”, BAVE 3 93 MIERFA SIS, AWM 2, 20184E 3 A 12 H.

(@Shuro Nakajima, “Step Up/Down Motion for a Four-Wheel-Type Vehicle” , Proceedings of
TEEE 20th International Conference on Intelligent Transportation Systems, October 2017.
@®Shuro Nakajima, “Concept of a personal mobility vehicle for daily life” , Proceedings
of the 2016 IEEE International Conference on Robotics and Biomimetics, pp.1492-1497,
December 2016.

(®Shuro Nakajima, “Powered Wheelchair for Cybathlon, RT-Mover Personal Mobility Type
WA” , TO8 (selected as a short talk presenter), Cybathlon Symposium Booklet, ETH zurich,
pp. 25, October 2016.

(ME] G 14
OHIEFHH, “mAy b - ZIUIANEOED, BWHED, XA ¥EY Rk, 216 ~X—7, 2018
.

(PESE M PEME]
ORI Gt 1)

LR BENMAD B R B 5 1k
B - PR TS B
HERIZE « Fnak LR

FEEE - REEF

&5 HiFE 2018-092958

HIFESE 2018 4F
EWNAOR] - EHN

ORI (G 0fF)

(Z D)

O=H Gt 41

OHUEFHH, A7 LT SCE, MEKILIRT v 27 LT3R, 2018 4R,

@R, 2017 AFFZREVE S E, (PR, HABEMES, 2017 4R

(@Shuro Nakajima, German Innovation Award — Gottfried Wagener Prize 2017, the German
Chamber of Commerce and Industry in Japan, 2017

@HIEF I, 55 73 [MIEACAINIRBLE AR, BRER, 2017 4R

OB ® GE 44 1F)

O T B PERR S, &5 6797 %, p. 53, BPERRFHRM, 2018.

@7 wvvU v, p T4, vo.42, no. 10, = H /7 X, 2018.

@i, w1 A ~—V—, 11, 20184E9 H 22 H.

@ “Vob LD, 3H, REGER, 2017412 A 22 H.

“Ty b7V — K- UZxVEY, BRILEEHE B E - K, 2017426 A 21 H.
HEDLDRY ToWEINBRT, IR OEEE, BRREERE, 2016 4211 A 17 H.
“FRT—2 GFplifE 4 607, Hulskm, 4 H B, 2016 4211 A 9 H.

® “/RU— REWTEM T4 6", #a0m, #eoeHi, 2016 4510 H 12 H.

@ “DIonrRy b T EEEEOEBRESICHELRT — L HE”, Mmm, PR, 2016
HF10 H7H.

@ “YAnNz2m EEES BMPL2 DEEE OEERS S AEE~OISHICHIRE,



H BRI AA:, 2016454 H 4 H.

O7 v MU —FiEEhE®R G 174

OFIEFH, “SN—YFALELY T E— 7 LORBEHMBE L AEREE", < b9/ TR,
B2 H A IR BURERE, 2018 4F 11 A 28 H.

OHIEFHE, “BEVT T v 74— LAOLREBGIE, KO, BEBESIEEN, s,
BRFH AR RS, Fnio LR, @A LRERY:, 20184F 7 H 31 H.

@HIEFHH, “/S—YFLEE YT 1 RT-Mover Ptype WA SFEMARER FFE", Y — v bAoA /X
— ary 74— 52017, HAME, 2017411 A 18 H.

@FUEFHER, “P A RZ2An ATHB LT, 77/ aY—L =y %)L AT NV—V gy, F
H A A A RBERERFFEIES, 201744 A 17 B.

®HUEFHE, “VA "2 1y LR— b &AL RT-Movers OBGHA”, K 1 & b O IKRE
HEVIETH o Ry M, v~ 201746 1 A%, no. 109, pp.6-10.

OFR—2_—
https://web. wakayama—u. ac. jp/ nakajima/

6. WFIERLR

(D) WFgesrfs
L

(2) WH5Ett 11
L

KB C X D058, FEZ O AR L FEICBWTEET 2 b DT, £D7kD, WD EMOVIIERR D ARFKEFIC
SWTIE, EOERFEFICES GO TR TORFEERICHET S RAESHEMEIL, A EACmEENET,



