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Transformation Control to an Inverted Pendulum Mode of a Mobile Robot

with Wheel-arms Using Partial Linearization

Hiroaki Fukushima*!, Satoru Shinmura*? and Fumitoshi Matsuno*!

This paper presents a shape transformation control method of a mobile robot with wheel-arms. The proposed

method aims at transformation from a four-wheeled mode for high speed mobility to an inverted pendulum mode,

which has advantages of high viewing position and small turning radius. The transformation starts with lifting up

the wheel-arms to raise the center of gravity of the whole body. From such initial states, the body is lifted up and

controlled to the target angle by partial linearization, while returning the arms to the initial angle. Then, the wheels

are slowed down by properly changing the target pitch angle of the body. Stability analysis is carried out by taking

into account the transient response of the body angle to the target value, which is neglected in existing work. The

effectiveness of the proposed method is demonstrated by experiments.
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Table 1 Definition of parameters

mq Mass of main body 14 [kg]
mo Mass of rear wheel 2 [kg]
ms Mass of arm 3.5 [kg]
myq Mass of front wheel 1 [kg]
Ji | Moment of inertia of main body 0.5 [kgm?]
Jo | Moment of inertia of rear wheel 0.04 [kgm?
J3 Moment of inertia of arm 0.08 [kgm?
J1 | Moment of inertia of front wheel | 0.02 [kgm?]
r Radius of the wheel 0.2 [m]
I Length to COG of main body 0.25 [m]
l2 Length to COG of arm 0.225 [m]
L Length of the arm 0.45 [m]
g Gravitational constant 9.81 [m/s?]
ni Arm motor gear ratio 133.5
no Wheel motor gear ratio 42.9
K Arm motor torque constant 33.3 (mNm/A]
K> | Wheel motor torque constant | 16.8 [mNm/A]

M1 = mal} + 2msls + 2maL? + J1 +2J3
Mz = Ma1 = r{mal1 cos g1 +2(msla+maL) cos(q1+qs)}
Mis = Msy = 2msls + 2J5 + 2maL?
May = (m1 + 2ms + 2ma + 2ma)r® + 2Js + 2.Jo
Masz = M3z = 2(mgla + maL)rcos(q1 + gq3)
Mss = 2mal3 + 2J5 +2maL?, C1=C5=0
Cy = —r{mlll(ﬁ singq + (2m312(ﬁ + dmslagigs + 2maLg?
+ dmaLdids + 2mslzds + 2maLd3) sin(qr + g3)}
G1 = —maglisingr — 2(msla + maL)gsin(q1 + ¢3)
G2 =0, Gz=—2(malz +maL)gsin(q1 + g3)
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WZBUS M OWHENEETH L. TEOWHINT A—F (2
LT M Ot %E#RT 5 0EEETH 555, Table 1 D
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det(M) = 1.29 — 0.306 cos®(q1 + ¢3) — 0.331 cos® q1
> 1.29 — 0.306 — 0.331 > 0

WD IODT, HICWHTHEH. F72, DIXFLT, YEs
TA=FDEICL ST
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A= 5 b B EOFEHTH S,
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Cs = 4Js + J1 + muli + 4mgal3 + 4myL°
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DUFTIE, 05 25K (18) @ & 9 12 d 2 B D W Tl
R D. WIS, 0, ASHEME 07 ICPURLz2 T 5L, K
(16) &1, 6y =w1 =02 H L2, La->T, & (17) &
DTFDXS koo s.

- Uq2 (t2),
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—n sgn(dz(t2)),

if 1g2(t2)| > /o

CDEDENFIZH

Ch

=—— (1
C3cos 0 + Cy (19)

INCHE

Go = T(0]) sin 0, p
ZIT, |0 <n/2 THEHOT, T(0F) >0 kb Lizho
T, X (19 &Y, 00 <0DEE ¢ FHAL, 02 >0k &
G WEHMT 2. ZoZenrsb, K18 kI, 0 oG
A Galte) LA D LIITBRILITLY |go| VBV T S &
Erionz, 12720, PLo@Emd 0, 7507 ([2 2 ETo
BEBEOREZEE L TRV, Thbb, 0, O@EFED
EH L CHERENOIURE 2 RAET 5 7201213, 0f 0528
Go(ta) &I B L) ICBEALZTTRIATHTH L. KHLT
i, KX (18) OHB LITHDO LI 0 % Go(tz) O—KBELE
L, 0y OBFERFED EHE L CHEREAOIRME 2 RIET % 72
OOEM o DEMNE ABTEET L. &b, X (18) 0fhl
21THT |04 <n OFPICHREL TR 501, TRy FOEL
DIEE 9, ~ q1 ZFIEHIEHAICLELTE 2 #PHICHIZ 2729
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M5 Step 3 1Y) 0 B 2 75K t3 (BT D HEAE g2 (t3) 127k
EL, KE 1 THRONZT A= KNy 2754y K # 0T
R v = —K(z —2,) 2BHTZ. 22T, qor = q2(ts)
CESBENL, BIRHIMETY A F AR EET A DICIET
NCORELEBS RS MELEICH D EHFEETHY, KE1
IZBWTHR (7)) DX HI, BMIEHIMEE % 83 2 PRI
BT g =qo RAMHRELTVINETHD.

4. REMICETIER

55 3.3 HiDH B T2 & 9 12 Step 2 205 Step 3 12HI Y #
DDHEH ts T qa(ts) = gar DXV Lo TWVE2D, S5 ITH
Atz 12BOVT G2 ~ 0 DI L, g3 750, @1 7% |qu(ts)| < 7
R TAECPOR L Cwiug, ]GE 1 & ) BERE~OIUH %
WIETE B,

3.2 HiTiiR7- X 912, Step 1 225 Step 2 128 D) Fdb 5 I
Gty TOy & qz (THEME O3 12H 5. F72, KH o DI
b gl=0Tho10, gg~0HFENS, Lido7T, &
CTIHRDIRED T Cilimm x D 5 .

RIE 2 0,(t2) = 6y(ta) =0 B I gs(t) =0 (t > t2) DY
VoTWbLnbkdh,
Zors, X 15, 16) L0 6, 1T EHEL—TRIE

Toe = Pxpe

d
Toe 1= O N %
by

THAHDT, Step 2 IZBWVTIZ

1
Toe(ts + 8) = e zoe(ta) = —e* 002, v := |: :|

Eld. Fiz, MGE 21L& Y 3.3 BT X ) ICBEERO AN
HEECBI LT (17) ALY o,

3.3 Hi TNz X 912, Step 3 DY Y FZ 1T Step 2 I2B W
THRANCHEEAHIE L7z & 31 Tb s, FEH RITRIC 2 = 0
ERDBRNCT DR D 2 LML, SOMEOEBEICEREL
BIZEI ) A ZATHID, S TIRIRDEED T Tz # 5.
RE 3 Step 3D NEZIL o =0 &2 HBMIITHONG.

EOIZUTERET S,

BE4 G2ON7ZEHRTICHL, s>T To(s) :=e®v i3
0LABELLDET D

BoE 4 TEDD T 1E 0, OWEIEE L EOREZERBIZANS
PEELTVD, 3.3MIIBNT 6, =02, 6, =0 &) KE
obeT, X 18 DI DIFFH Go(tz) LMIZHRD &
HCERZ LI VR EZFHSI L EDPTEL I LEARN
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sg 2 &R (9) XD, Step2iBVTid g1 =6y, g3 =0
Thb, Frz, X (18) LV 04 <n TH27=®, Step 312
102 BIEH] t3 OIREEDMRE 1 &7z T 720121, &I
Go =0 LB DEHNC 0, 78 02 IZHURL CwiuZ kv, Lcdso
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