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Posture Control of Inverted Pendulum Cart Using Full-Order State Observer
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A lot of researches on inverted pendulum cart are conducted in recent years. And it
attracts as a personal vehicle that realizes energy saving for many practical applications.
However, because most conventional personal vehicles require a certain level of physical
ability from the driver, it is not suitable for elderly and disabled people to drive.

Therefore, an inverted pendulum cart with a sliding mechanism for posture control that
could be ridden by anyone has been developed. First, algorithm to estimate the lean angle,
that is calculated based on center of gravity of the cart, using the full-order state observer
is proposed in this research. Secondly, algorithm to keep the posture of cart perpendicular
against the change of the center of gravity is proposed. Then, desired position of slider
is calculated based on the estimated lean angle. Finally, the effectiveness of algorithm is
confirmed through a simulation.
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Fig.1 Inverted pendulum cart
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Fig.2 Dynamics model of the inverted pendulum cart

Table 1 Parameters of inverted pendulum cart

SYMBOLS MEANINGS VALUES
my [kg] Weight of cart 4.831
malkg] Weight of slider 3.456
m,, kg Weight of wheel 0.419
7, [m] Radius of wheel 0.0825

[ [kgm’] Inertia moment of cart 29.2x1073
I [kgm’] Inertia moment of slider 50.0x10~3
JI Inertia moment of wheel 143x10°°
1y [m] Height of COG of cart from center of wheel 0.0191
Io|m] Height of COG of slider from center of wheel 0.0912
D1 [Nms] Coefficient of viscous friction for wheel axis 0.05
Dy[Ns/m] Coefficient of viscous friction for velocity of slider 0.05
D, [Nms] [ Coefficient of viscous friction or angular velocity of wheel angle 0.05
7 P -
g[m/s’] Gravitational acceleration 9.8
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Fig.3 Control law
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Fig.4 Simulation situation
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Fig.5 Simulation result of the wheel angle using the state
feedback control
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Fig.6 Simulation result of the cart angle using the state
feedback control
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Fig.7 Simulation result of the slider position using the
state feedback control
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Fig.8 Simulation result of the wheel angle using the
full-order state observer
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Fig.9 Simulation result of the cart angle using the
full-order state observer

NZEDT7 4 — Ry 7 AW EEREOIE S BNRET — R
Ny 7 AWTZEBHIE L D NSV TEBELZELL L TWD
ZEMTND.

PEXY, =LA T — % B CHEEORIE T RIS
HZELOEE ZHET 7Y RO, BLUOHEE L7
HLOBEIIGE L TATIA X OREMEEEE T 52 LT, EHLO
AT U CHENDRIEZ HEFF T2 7L 2 Y X A DOF R
TE5.

4 $EE

AR SCTIER — It A 7 — 3% I CH M O RiT% 7 HIC B
FABELOMEE FHEETET7 A TY ZAOFGME, BEOHEL
FHELDODEE IS CCATAXOBEMEER 52 L C, B
DOEAbIZ LT HENRIEEMERFT 27 0T Y X AOFEMEEZ >

0.02
‘g 0.01

=]
g
h=1

2 0

o

g
=
Z 001 |

-0.02

0 10 20 30 40
Time [s]

Fig.10 Simulation result of the slider position using the
full-order state observer
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