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Control of Motion Base with Three DOF and Application to Canoe
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Abstract: A new sports watching system we call “Synchro-athlete”, is developed with a three DOF motion
base and a VR goggle in this research. This motion base is driven by electric motors and is very small and
lightweight. Synchro-athlete provides 360-degree video, sound and motion as if you are the player. Control
of three DOF motion base, the application to canoe slalom and the evaluation are described in this paper.
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Fig. 1 Configuration of the system for spectators.
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Fig. 2 Configuration of the system for players.
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Table 2 Specification of the developed motion base.

IHH A%

His 3 (SRE HIE, T—, ¥y )
NTLVY Y IE—D g yR—2A
&7 REHHEEN 36 V350W DC 75 Y E—%

R R - fHEdh % &9 T 100 kg

K4S RES (%, #&, %) = (920mm, 1,100 mm, 650 mm)
i % 40kg

RARA MO =2 100 mm

MR ¥y 54 0 = 16.4deg, T —fi 1 = 13.5deg

(PRI ER)

EIE

H3 E—33rR—ADHE
Fig. 3 Structure of the mothion base.

© 2019 Information Processing Society of Japan

4. E— 3 >~N— 2O

4.1 WEEFILLDTIFL1I-2DOEAMNE
E—TaryR—ZAD) Y EEEX 312, MbosT
A—=F %R IIRT. T FFL— FOREB & L
Mo, V2T T 7 FaL—%DOEN u; & EE)ETRD
% [11].
[EEATH] R,

[ 1 0 0 cos¢p 0 sing
R=| 0 cosf —sinf 0 1 0
| 0 sinf cosd —sing 0 cos¢
[ cos ¥ —siny 0
siny  cosyp 0 (1)
0 0 1
THZOENE., 22T, ¢, ¢ I&, xS o 25

Rzrr F7V—boOREEf (EvyF, 33—, a—I) T
b5b.

BMa4xb,

P+R-r.-b;=r,-b;+u;-a; +1;-d; (2)
THiHDT,

P+R-re-b,—ry-b;=u;-a;+1;-d; (3)

LA FllZonT,

Ci=P+R-r.-bj—1p-b; (4)
EBCE, A (313,

Ci=u;j-a;+1;-d; (5)

Yhh. & (5) OANE - HEREDNBEL, W0k
HENEROEEE TS L,

(CZ — U * G,i)T (CZ — U - a'z') = (lz : di)T (lz : dl) (6)

®3 M401XT72=%
Table 3 Parameters in Fig. 4.

P IV F7L— MOMLERZ L

R LY F7L— 0% %EET 0T

C; BERALOWILLrLEEY a4 v FNDOXT ML
re LY FTL—FEE (ZHF)

ry N—AFL—FEE (XHF)

L ey O (REBEAE) ORS (A7)

u; V=TT 0 Fax—85DEN (AhT)

a; BIERQALTHLS y HIANOHA RS IV

b, JEE o 2B HERL TEADHEAANRY ML

d; [#EY a A >y MBI Y a4~ hANOHARZ b L
o B (R=A 7L — R

i Vo777 Far—50%S (i=1,2,3)




ERMBH L/ Va2 —7 - FNAX& Y X574 Vol.9 No.3 1-9 (Sep. 2019)

I FFL—F
X
\\\\ Rrb
N HE
e / Yaqarh
/’,‘/ ‘.‘.
|t
P ~
C Hgay K
Gl Sy

d. G
Yafvh

B4 E—aryX—AD) 7k

Fig. 4 Linkage mechanism of the motion base.
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Table 4 Each length of the links.
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Fig. 8 360 degree video capturing and motion data acquisition

in canoe slalom practice.
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Fig. 9 Experience of Synchro-athlete.
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Table 6 Ivents and the number of valid responses.

HfF (2018 4F) PN 2 A&
5H 25 H 2018 EFE 7 =AY - BE 72 A% 138 A
8HTH R A TR O S 1E 53 A

10 A 10~12 H FEI B AR AL B i 499 A

11 A 15~16 H AN EELEDE 72T 138 A
12 4 24 H Fx LAKR ! TOKYO 373 N

it 1,221 A

YrO—EER 6 IIRT. T — NOEREENES
Nz NEoAFHE, 1,221 X (9 6, BHE602 A, ik 619
N) ThHrb., arsroid, #X—0ED, &EHHIRSE
LOEL RS, AYV—=FAFr—1b, "IELESEEZBEML
TWa, ROBEEDVLVHHII I X —THY, &R0
40% D DMRER L 72, ARBR L 7285 O #8BR1, 83~96% D
TR [z L] LHELTWS.

[RER L 7285 S8 Lo 72 9 A TlE, 91~98% D
HHS, T Lhorz] EEL, TEH5Th ] - [HL
S ledol] EEZT-HiREEAEWE o7, [KEBD
MBCTEBICHERE LTATWVE W) S 725
T, 75~83%DHH (W2 7] F7213 [D Lz 2] &
BZTWD, INHOREDNPS, FICEBRAET L Lh
HELWAR=VIZHLT, Yrrzar7 ) — NEEon
fift R0 N DIRBIZF LG TEHEERIONL.

mB, INFETH 2,000 ZDTIHTE L TW22 W7z,
ROV EERL, REFTIV T UV ELRBRT A DT
Ehholz 14 THo 72,

54 1 70O7XY)— bOREREH

FHEH TIE RG2S S zhs, 7 X —IZFHFEL
TWAHhDEI 7%, BHHAH VREEGIZER SN [ X CH
HTEXTWa] LEL TV AW REBEAIECEN AW, £
CTE—Y 3 YR ADEROE EZIZOWT, FHEHM
AT 72,

AR L -IREZEHT L7208, =33 vy RX—20D
LY F7L—bEIZ60kg 53D/N— )V O§E% [E%E L7z,
SHIEFDOFIZAR = 75 &V, VTV A E—
RCHAETAZET, Yorru7A) — FOBXOHlE%
f1o7z. ZOfEFE, HX—=IZAT—=bM7 5 Y2 )
THELEEDH X —DESIZOWTHIET 5.

vz L e Lcaitaomln (¥y F) oisx R 10
2, z@ix e LoEAORER (B—)v) olbiEx K 11
IZRY. EvFEu—LENEN, HX—DH LB
LT, K7 T L72EERIR SR 255,
MEIEEEN (% 2) WCTEEL TWAZ L9 h b, & B,
Ay —hLEE, Yy 7u7 A= OEEN 15138
AERLYOOTE LR oTWE, THIEFEVBEIO LT
SEERBLT, BT EHEAOF.L LD TIZH B IKED

© 2019 Information Processing Society of Japan

AE[deq]

40 | ]
0 10

B10 #X—k¥rra7A) = bOBEORE (¥ F)
Fig. 10 Comparison between motions of canoe and Synchro-
athlete (Pitch).
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Fig. 11 Comparison between motions of canoe and Synchro-
athlete (Roll).
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Fig. 12 Frequency characteristic of the motion base.
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