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Performance of Mobile Platform and Lessons Learned through Cybathlon

Shuro Nakajima*

Cybathlon is an international competition organized by ETH Zurich and the first cybathlon was held on 8th Octo-

ber, 2016 in Switzerland. The aim of this competition is to provide a platform for the development of novel assistive

technologies that are useful for daily life. Pilots who are disabled and use technologies to overcome their disability

compete against each other. The pilot of our team won 4th place in the powered wheelchair discipline by using the

vehicle that we have developed. In this paper, the performance of the vehicle is evaluated and compared with those

of others (gold medal team’s vehicle and silver medal team’s vehicle). In addition, lessons learned for development

of a device for cybathlon are discussed.
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Fig.1 Cybathlon
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Table 1 Time results with +1 [s] error in the final race

Ramp | Rough |Tilted

Table Slalom &Door | Terrain| Path

Stairs | Total

Gold [|20 [s]| 34 [s] | 71 [s] | 11 [s] | 11 [s] | 67 [s]|214 [s]
Silver |20 [s]| 18 [s] | 37 [s] | 11 [s] | 13 [s] {120 [s]|219 [s]
Bronze||22 [s]| 22 [s] | 34 [s] | 15 [s] | 17 [s] |157 [s]|267 [s]
4th 64 [s]| 47 [s] | 37 [s] | 17 [s] | 17 [s] [130 [s]|312 [s]

Fig.2 Gold medal team’s vehicle (photo by ETH Zurich/
Alessandro Della Bella)

(%4
- support bar

Silver medal team’s vehicle (photo by ETH Zurich/
Alessandro Della Bella)

Fig.3
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Fig.5 Computer and electric system of P-WA
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MeBot [5] B fHI~DOMIEATRETSH 5. FEERI 2%
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Table 2 Main specifications of RT-Mover PType WA

Dimensions || Length: 1.1 [m]; Width: 0.7 [m] (not including
the footrest)

Wheel Radius: 0.125 [m]; Width: 0.07 [m]

Weight 79.5 [kg] (including the battery)

Motor 200 [W] (wheels); 150[W] (front/rear roll
axis); 100 [W] (pitch axis, front/rear sterring,
seat-slide left/right and forward/backward,
footrest)

Sensor Encoder (each motor); Current sensor (each

motor); Posture angle sensor (roll and pitch
of the seat); Photoelectric sensor (x 3, each
wheel)

430 [deg] (pitch axis and front/rear steering);
+35 [deg] (front/rear roll axis)

£0.2[m] (left/right); —0.15~0.45[m] (back-
ward /forward)

7.4 [km/h] (catalog value)
48 [V] (lithium polymer battery)

Angle limit

Slider limit

Max speed

Power supply
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Fig.6 Seat posture data of P-WA and pilot’s commands in the
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Fig.7 Table task: (a) dimensions of the course, (b-1, b-2, d)
scenes at the table task, (c) data of the front steering
and seat’s position, (d) the best data before the compe-
tition ((a) is from the rule book and (d) is captured from
a video by ETH Zurich/SRF)

HADTR Y MFEEFEE 35 % 10 5

® Fig. 7(c) AR LI 1Z, 0~15[s], 50~65 [s] T Iz
PR D FIMEIED 72D AT T ) ¥ 7 OY )R L 2475 72,
o KNS T — TIVICIEMR L T 5, #ikEF—7 1V oTH%
BT B0V — b ATA FE=RIZLY) v — MIEZ ]
HT BB D 5.
AT, V—PFATFA FE—FIZLD v — MIEZ
LB ISR T LEDLN D 5.
Fig. 7 (e) IFHEOT =5 DI b, —FRL Y AT &2fTo/2L
EDLOTHY, FrERMITS BEEL /. ZoT7—5 Lt
WYLk, MOOWHELIZSIay NOFEI RIZLLH0
THhH—HT, BRFEOYHELIZFEETHY, A~ ) e
EEYV—FAT4 FE-FIZBI 2 EHILIZSHOBETH L.
LB, BATNF—LbT—TNTILADLEOIZY—FATA
N2 S LUENH -7, AY— MNEATY— POfEL—
FHNC L CHBEBMEHERDS &) BREE L 5Tk,
Fig. 8 IZATU— L5 A7 DR TH L. (a) DI NTDR—
WER—NVOME > TREIT A, HEANCULER/NE Y M
BEXTEFRT B Y A2 TH 5D, (c) IE P-WA OFEIREERE & /i
ATTY YT OB TH L, FEEHBEIZA Y — N h 5 OFEBIE
BTHhH, BIZIET70~87[s] Hifkld 1 & 2KDDR— VORI %
WIT, 2L 3RDOR—NVOEEBETLLEZHTH L. 78~
85 [s] FHETHIAT 7Y ¥ 7% —30~10 [deg] M ZHEEL T
WBHH, 2 (b-1), (b-2) IR LHI2 & 3RDDKR—L
B LT OINT, A7 7Y v 72 EL-EIAT
Hb, ZOB, BEEHESE, YUELET-o-TWEILY
(c) 5575, (c) &0 95~100[s] HEIENATHAFT Y ¥
O RLEITo72. By A7 OFTHERIZ 47T B ThH o7
(Table 1). &, A F VT —2DOFNZFNOFTERE L 34 1

%02 points 3

angle [deg]
o

<) o

™ vel [m/s]

o
IS

front stee¥in
speed command to the bo

65 70 75 80 85 90 95 100 105 110
time [s](c)

: old msdahst Ny A | 04
o =y WA/ /
- 24 vl L./ I o\ jo2
= W/ LN N~ =
- S v o
g 2
5.

silver medalist, : ot Mo 04
spoed command 1o the body ——
(d) o 5 10

15 0 25 30
time [s] (e%

Fig.8 Slalom task: (a) dimensions of the course, (b-1, b-2, d)
scenes at the slalom task, (c) data of the front steering
and the velocity of the body, (e) the best data before
the competition ((a) is from the rule book and (d) is
captured from a video by ETH Zurich/SRF)
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Fig.9 Ramp and door task: (a) dimensions of the course, (b-1,
b-2, b-3, ¢) scenes at the ramp and door task ((a) is from
the rule book and (c) is captured from a video by ETH
Zurich/SRF)
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Fig.10 Rough terrain task: (a) dimensions of the course, (b-1,
b-2, b-3, ¢, d) scenes at the rough terrain task, (e) data
of the front steering and the velocity of the body, (f)
data before the competition ((a) is from the rule book,
(d) is by ETH Zurich/Alessandro Della Bella and (e) is
captured from a video by ETH Zurich/SRF)
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(a)

Fig.11 Tilted path task: (a) dimensions of the course, (b-1,
b-2, ¢, d) scenes at the tilted path task ((a) is from
the rule book, and (c), (d) are captured from videos by
ETH Zurich/SRF)
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Fig.12 Stairs task: (a) dimensions of the course, (b-1, b-2, c-
1, c-2) scenes at climbing up the stairs, (d-1, d-2, d-3,
e-1, e-2) scenes at climbing down the stairs ((a) is from
the rule book and (c-1, ¢c-2, e-1, e-2) are captured from
videos by ETH Zurich/SRF)

JRSJ Vol. 35 No. 10

DWEEZEDRNIE D W5, NA 0y MASAA v FEEIZED A
FAv 7 ET, FOAT 4y 7ML THEEZEDS BT
b, ZLC, EAOHE FEEC—B I EFS, RIiC, BEE
TAEEICH L CiL, FiCBRFoBER)BE 3 BROMSIKE
THFY BB, 727701 L CTBWTHOGRBE L - 72, B
D ARy Y a v T—ESED HEELY ZOHRERIL L Tz
W, FOLy, XA Ty N EHINOEFERLLERLIIRE Do 7.

Fig. 12 (e-1), (e-2) I3 A SN F — A OB T 2B TH
LA, A0y FARBREL TR LRSS, BEET K
2, BOASRFEMNICAD, BICEEICRD L) T 579D
TH5LH., FHPLEENOY N HEDLY OB, 51430754
NATy MSELBEITL L), SMay MEGOELEE)
IZ X BBENS S 572, B, BEOLYIZBWCFRI2S L
DAZYI ) Brb B2, BEERA IV T B 30 N — TREE
PEINZNE D IZ LT,

FaDF— AbBHNLEELWREDORBEIT L HiL/Zo7272
®, Table 1 IZRTIZEDOFRERBZESHETLE Y, 2RI E
BALNORIEOFRE L L TRV LA - 7o

FLwn b, APBOKE, P-WAIRTXTHDY A2 E27Y)
7L, BA Y MIEATNVF—LERL660 7207275, ¥4 A
BRIZED AL e ol BEOREMN, FO.OM, BHEOM
SO S CIIRIEN Do 72— T, EHEILDFERIESHED
METH L.

4. YA NZOCSINOD = DS

PANZT VYT 5 -0 OB L TR T
DIRFETZ 572 17 AiH & ¥ & Bgs L7z,
o BB L 1HEZ 1 A %D ¥ (Personal Mobility
Vehicle, LT PMV) OR%% 3 B1To 72N D 5.
o 3L F TO PMV BFZERSE A S 1572 MR % KL L 72 P-WA
DHEHEETEDL Y v —Dd 5.
o727, DOV Y I —TlE3EOMEIHIETE
OO RE LIZLETH 5.
BISEAS Y 2 — VOBEIIU T TH 5.
17~144 BRT WHEORBEL LY v —SBIOE
15~1345 Bf1 41> —7x— A (IF) #EHPar¥a—%
(CP) ¥ AT L DEHKE, BY
13~124 BRT CP ¥ A7 LM%
12~1145 B8 &K IF WY 7 v 7a—71 v 7, Kb
L~V OB VERE RS BR
115 BEl WAV 7 b7 a—F1 277, HEEEERER
104 BRI~94 BRI HANAQVKEIAIHAY T 2T a—
T A v 7+ BV RR SE R
84 ARI~ER EFER+Y 7 VLT OUE
ZZT, IF#EM, CP Y AF A% SRR LZ PMV OB
R N— AR L7270, BHERIGE N WTw5, F77,
107 AREFERIICIE, ZOHON—F7Z7OR-H EOEEIL
FEAELRCWREE T CHR LD, ZRLIBEEEREY 7 MY
IT7UEET-o TS, DF ), BES—HBYE XD TS
DR ORE % L o2 Wbk L 7.
Fig. 13 1Z20154E 10 A (K& 127 AW ~2016 59 A (14

Dec., 2017



ERSER AT A NAT Y 2B ULBH TS v b7 4 — L OBBEEEMER L 4 (L AED S DM 747

100 147
= B
7 90
o “V 12 2
€ an “
= 80 BS
- o
2 70 10T
c o

c
“E" 60 a @
= ° E
o 50 =
o
e' AN 14 o
s 40 x
2 o
e
°© 30 4 ©
el =
20 o
.= 3
2 B ) 2
£
c
0 0
I R N C T S C S S S .
PANEPA N RS A R
NN N O O D D O N O O ©

AN O D

Il Number of experiments == Days

Fig.13 The number of experiments and days
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