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Damping and transfer control of a spherical pendulum with omni-directional mobile robot
having mecanum wheels
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Fig. 1 Experimental apparatus

3. il iR e
J o F T g H, Fidt— R & R CHIRIS A R A A
FT 5. HlEHHRO > AT AHFERXEX(D)ITRT.

X=AX+ Bu
| &
y=Cx
ZZ T,
X=[9y"gy'9xv'9xvxl'YIvV/:‘plv‘ﬂzxﬁ”Sa("A] TS S S
y=[0y,9x,x|,y|,://,¢1,qb2,¢3,¢4]r
fo 1 0 0 000 O 0 0 0
9 % 9 o9 000 -+ T T d
I, m, ATI, AT, AT, 4Ty,
0 0 0 1 000 © 0 0 0
C
o o -3 _% go00 -1 r L
Lo m, 4T, AT, AT 4Tl
o 0 o ooo =L r _r _r
4 4 4 4
o o o o0 o000 -% r r _r
A= 4 4 4
0 o ©0O ©0 000 -D -D -D -D
0 o o0 000 -% 0 0 0
Tl
o 0 o0 0 000 0 -X o 0
TZ
o 0 0 0 000 0 o -L o
T3
0 0 0 ©0 000 O 0 o -t
Ty
0 0 0 0
Ky Ky Ky TKy
ar), 4T, amy, 4Ty,
0 0 0 0 r
KK, Ky K, 10000000000
4T, 4T, AT, 4T, 00100O0O0O0OO0OO0OO
0 0 0 0 00001000000
0 0 0 0 00000100000
B=| 0 0 0 0 C=/0 0000010000
K 0 0 0 00000001000
T K 00000000100
2
0 T 0 0 00000000010
K 00000000001
0 0 s 0 L
T3
0 0 0 K
L T, |
V2l cos(z/4 - a)2m,, +m, )r
D= (2

all, +121°m,, cos? (/4 - a)|
THY, 6, &:Y, Xi#hE v ORTFOENA, X, yi: X,
YiFmOrRy MIE, y:rRy FOREERM, ¢ (i=1~4) :
HA —NORBE, g AA —LD BB, 1 A —
AOHAE, |1 8Ky RO DAL —LETOES, mp:
EOEE, m:adRy NOREE, mv: SA —LVOEE, Ib:
oRy hOEMEE—AL b, a: Ry hOEKMAFERTL G
MOEBRA =L W ~DRT b L& XgBID 223/, Iy, Iy
Xi, Yiffilel 0 ORE, g EAMEE, o, o : Xi, Vil



I ORMERREL, Ki, Ti: BERERO S AV LRFERTHD.
BB, AWFZETIX, Yo7 ) v U Ts &2 10 ms & L 72 Bk
e 27 A& VY, K13=0.763, K24=0.790, T13=0.149[s],
T24=0.125[s]& LTV ab—va v &fTo k.

R OfREEN L, KONIRT / v F 74 Z 2N 5.

2 2
STH2nenSten Ly, 0<gn31%,($

F(8)=—

ST +w,S+ o,
DT A NVH IR o TTHEDOE—7 25, £=0.0001
DL E, 0.9m< on<1.1lan DHFPHTH A - %-20dB LA FIZT
X570, BTOBEAARBETOREGZ M 572 DICHN
5. K2R T L9, ZOT74AZICEY Ry hOIE
EazBEL, 74— F7+U—FASur (KA —/LDFAH
E) R 5.

a uy

d
— b o) [p| || VerSe
dt kinematics

Fig. 2 Block diagram of feedforward control system
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Fig. 3 Block diagram of control system

4. #HRMEES IS aL—2a R

ATFFE CHESE U 72 Bl % 2 WV THEBEISE > S = L—
3 BT T2, PREINIEEE FE (XY 7 a2 e k0.2 m/s? (f
KHPEE0.357 m/s, HHEEE 2.32m) THD. Fiz, BEFROMZ
ZRE LEAELEE A 5272, 728, GAZSEFRITLTRE
> - EAATHNIE, W=diag(2.11x10%4, 3.91x10%, 8.01x1073,
5.31x10%, 7.77x103)Th 5.

Halzy I ab—ya URERERT. FR@ICETIEE
Zord. RK(b), EEEnEny., Xifha v o oiEfA
ThHD. D)LY, SELIC X > T SR T OREE %
BEY—RICEZOMEITWDH I ENnbhs. 72, FX(E)
Yo, veRy hOBREKICAECLIIEHEZ 74— 74U —F
FIENC L DA TNDBZ Enbnsd. LaL, ML INbh 5
&R 21T R OGS O BB/ S, 2T ER
BEOE—ZO MV RBEIZL Y REAIEHEN AT
P, HIRSENEE L 225 2 L NS ERTHIOENIER IS
INSL 72D T2, 74— Ry ZHIEBE @ &
NRETHD. £7o, HEORM L, T—% OEEEAIEE)
LWERICE] Y B D ASI NI L 72 0 HIK RN 2w 2
EREELY, LTENoT, B—FD MY REEENT S,
B L<IE, TR & PR 2 2 & CHEMEREN A L9 5 L&
ZHN5.

©5€
o o
a1 =
T
L

IS

gy}

i
T

Acceleration of robot [m/sz]
o

'
S
[\

T

10 20 30 20
Time [s]

(&) Acceleration of robot in Yi-axis

T T T
***** Without damping control

— With feedforward control B
— With feedforward and feedback control

Angle of pendulum, §, [°]
") ) = o = )

% 10 20 30 20
Time [s]

(b) Angle of pendulum, &

T T T
b4 ----Without damping control

— With feedforward control

— With feedforward and feedback control

Angle of pendulum, & [°]

0 10 20 30 20
Time [s]
(c) Angle of pendulum, &

Fig. 4 Simulation results of damping control
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