A Study on Traveling over a Bump of a Robot
Balanced on a Ball

SEg:jpn

H AR E:

~BH:2015-10-15
F—7—F (Ja):

F—7—FK (En):

ERE: &R, 50, BB, IERA
X—IJL7 FL R:

il=F

https://tohoku-gakuin.repo.nii.ac.jp/records/427




000000000000 02400000 (2009.12.17)
ooono 254-3

obgouobuobgobooobogon

A Study on Traveling over a Bump of a Robot Balanced on a Ball

opogooO*Ww ooobg =

o Takaya Ochiai*, Masaaki Kumagai**

*Woooooooo,*»oooood

*Graduate school of Tohoku Gakuin University, **Tohoku Gakuin University

goooo :

0000000 (Robot balanced on a ball) 00 0O (Inverted pendulum),

0000000 (Omnidirectional wheel), 000000 (Bump clear),

goo :

0 985-8537 DOOOOOOOODODDOOOOD

gogbooboob obobbob oboobooboaon
00000 Tel.: (022)368-7358, Fax.: (022)368-70700

E-mail: kumagai 0 tjcc.tohoku-gakuin.ac. jp

1. Odoon

00000000000000000000
000000000000000000000
000000000000000000000
0000000000000 0OSegway HT O
0000000000000000000000
0000000000 i-swing, Winglet!) 00
00000000000000000000 U3-
X2 00oOoooooooooooonooooo
000000000000000000000
0U3-XO00O0OO0O0O00O00O00000000
000000000000000000000
0000000000000000
000000000000000000000
000000000000000000000
300000000 0DN0DN0DN0DN0o0nD
000000000000000000000
ooo0400000000000000000
000000000000000000000

Fig. 100000 0O0OO0ORobots that balance
on a ball.

gboooooooboboboboooogoono
gooobooooboooooooobooobooon
gboobooooobobobobooooooo
gooo
gboooooobooboooobooobgobob



Steppw(g Motor
Thrus

\biaring 7S y

7
K

Cover
Omniwheel

Fig. 20000 00O O O Driving mechanism of
the ball.

0boobobobobO0ob0ULauwers0 OO0
ballbotDDD5)DDDDDDDDDDDDDD
gobooobopooboooboobooboon
gobooboooobooboooobooobo
goboobopoooobooboooobooonboon
gobooboobooobobobbooboon
gobooboooboobooooooooon
gobooboooboobobobobooboon
gboobouoboooboobooobooooo
gobobobooobooboboboboobonon
OOOOooDoCOOObalbotOO0ODODODOOOO

gboboobooooooobobooooooan

gobooboooboobooobooboon
DDDDDDDDDDDDDDDDDDD6)D
ubobooobobbobbooboobon
0o000000000000O0ooo o0
gobobbooboobobobobooboon
gobooboobuoobooobooboon
00000000000 B.B.RiderOODODOO
DDS)DDDDDDDDDDDDDDDDDD
goboboboobooboboboooboon
gobobooboobbobbooboon
gobooboboobbobbooboon
gobooboboboobobobbooboon
goboobodgboobboooboooo
gboboobogboobooboobgagn
gobooaoo
gbboobboobboobboobod
gooooooboooboooooooboogg

Oo0ooboooobbogbbOodndballbot
U BBRider UOODODOOOODOOOODODOOO
gboboboboobpooboboboboobobn
goboobooboooobooboooboooon
gbobooboobooboobooobooboooboon
gbobobobooboobobbooobonon
goobooobooobbooobooo
oboooboooogoboob us-Xooooo
gboboboooboooboboboboobobo
00000000000 (boo0)oooooo
ubooboooboooooboboboobaoo
U3 XOoooooooobuoooooooo
gbobobooobooobooboobboobonon
gbobobobooboooobobonooboon
gbhboobooobooobooobooooaoo
gboboboboobobooboobbooboon
gboboboooboooboboobboooboon
goog
uboboogoobooooboobooon
gboboobooobooboooooobbooon
0000000000DOooooooo?o
gobooboobboooboobooaoboon
gbobobboobooboboboboobonon
ubobobuooooboooobobaooad
O00000000U0OoOoOoUoUd BBRiderd
gbbobboobobbobbobooboonoo
gbbobboobogoaobbooboon
gbbobbooboobbobbooobooo
gbbobooboobooboboobooboo
gbbobbooboooboobooboboo
gbbobboobboobbobbobooboboo
gbbobooboobooboboboboobo
gobooooboooobooboobooobo
gboooooooboboboboooobogoonog
gbooboooooboobobobooooonog
gbooooooobobobooooobogono
gbooboooogobobobobooooooog
gbooooooobobobooooooboono
gboboooooboobogboboooooog

-2



(c) Top view of wheel arrangement
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00 Brief parameters of the robot

mp Mass of robot 8.7 [ke
I, | Moment inertia of r. | 0.11 [kgm?|
my Mass of ball 3.8  [kg]
I, | Moment inertia of b. | 0.018 [kgm?]
r Radius of ball | 0.11  [m]
h Height of CoM | 0.23 [m]
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No. | period [ms]

Most effective delay
time [ms] ‘ phase [deg]

1 150 40 96
2 170 40 85
3 200 50 90
4 230 95 86

000000000000000000000
00000 Table.2000000000000
0000000000 1/4(90[deg)) 00000
0000000000000000000000
00000000000000

— 8 —



0o0o0oooooooooooooooon
goooooooooobooooooooon
0ooooooooooooooooooon
ogooooo

0000000 DpOO0OOOTO /4000
gooooooooooooooooooon
gooooooooooooooooooon
000000000000 =(t) = cos(wt),w =
2r/TO00000O00000OOOOOOOO
00 z(t— D)0

z(t—D) = cos(w(t—D))

- oo (-2)

= cos(wt —7/2) = sin(wt) (8)

0ooooooboooooooooooooo
& = —wsin(wt) 9)

00000000 f=re(t—D)0DO0DO0OODODO
obob0d +ez00000O00O0OOO0OODOO
UobO00snwtddoooooooooon
gooboboboboobobobobooboob
gobooboobooboboboobooo
goog

O000DO0OT/4000000000000OO
00 «0000O0 D=T000onooonog
googond

z(t—D) = cos(w(t—2ma/w))
= cos(wt — 2ma)
= cos(wt) cos(2ma)

+ sin(wt) sin(27a)
= Acos(wt) + Bsin(wt) (10)

0000 Bsin(wt) JOOODODOOOOOOO
gboboboooooopBp>00000000
0000 <ae< 050000000a =0.25
O B=100000000000O00DO0O0ODOO
l<a<1b50 B>000000000000
goboobooboobobobobooboon

goboobogbogbbooboooobo
goboobooooboooo

O000O0Acos(wt)=Az00000000
goobooooogooo

mi+kr = rAzx

mi+ (k—rAzx = 0 (11)

0000000000000 k—rADDOO
00000000 (e000000)00000
00000000000000000 (0000
O000k-rA<00000000000000
0oooo)o

0000000 DOe=02000007T0
1/40000000000000000000
0000000000sin(2re) 0001000
000000000000000000000
000000000000000000000
000000000000000000000
ooo
00000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
00000000000000000

4. 0OQO0OO

gbobooboboobobobooooo
gobooboobooboobooobooo
goboboboopoobooboboboboobooboo
goboobooboobooboobooo
gboboooooboboboboobobog
goboobooboobooboobooboo
goboooboooboobooboooobo
gobobobooboobooboobonoo
gobobobooobobbobbonoobobo
gobobooobooboobooboobon
gbobobooboobbobobonooboobon

-9 -



goboooboopooboooboobooboon
gbobobobobobobobobobog
gbobobobobobobobgobbobo
goboooooboooon

gboooboooboooboooboobobon
goboooboobooboooboooboon
goooboooboobobobbooboon
oo oboooooobooboboboob
gooooo

gogd

1)

10)

oooooooooo: «ooOooood
O0D0O00000000WingletDD O0O7,
http://www2.toyota.co.jp/jp/news/08/08
/nt08_045.html, 00 00000 2008/08/01
(2008)

oooooooooo: «boogooood
ooooooOooooooooooooor,
http://www.honda.co. jp/news/2009
/c090924.html, OO O OO 0O0O 2009/09/24
(2009)

00000000000000: 0000000
000000000,000000 Robomec08
000,0000 2P1-C11(CDROM) (2008)

oboooooooo:-boo0o0ob0obooooon
gobooobo,000b000o0oo0ooo 0O
2470000000 247-3 (2008)

T.B.Lauwers, G.A.Kantor, R.L.Hollis, A
Dynamically Stable Single-Wheeled Mobile
Robot with Inverse Mouse-Ball Drive, ICRA
2006 O O 0O 2884/2889 (2006)

Youtube http://www.youtube.com/ O O O
00000 “pallbot” O0ODO

000000 00: 0000000000000
00000000,00000000, 321/328
(1973)

Tatsuro Endo, Yoshihiko Nakamura: An Om-
nidirectional Vehicle on a Basketball, ICAR’05
000, 573/578 (2005)

gboo,0b0o0o0,b00,b000:0000
O00000,000 3421290 0 (2003)

000000000: 000000000000
0000000000000000000,00
000000000, Vol.62 No.601 3580/3578
(1996)

— 10 —



