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Modeling of a Wheeled Inverted Pendulum

Type Mobile Robot Using a SA and RCGA

Woon-Hak Baek
Department d Control & Instrumentation Engineering,

Graduate school, Korea M aritime University
ABSTRACT

This paper describes the modeling of a wheeled inverted
pendulum type mabile robot driven by two different wheels for
the posture and velocity control. In order to control its posture
and velocity, the optimal linearized modeling is quite crucial.
Meta-heuristics is a term used to characterize a number of
methods which have been proven to be practical and effective
algorithms for solving nonlinear problems.

This paper adapted the wheeled inverted pendulum type mobile
robot which is typically nonlinear systems identification and
linearization techniques, using a real-coded genetic algorithm. The
algorithm is finely tuned by simulated annealing, which yields a
faster convergence and a more accurate search.

By applying this method, the nonlinear model is transformed

into a completely linearized system.
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Photo. 2.1 Wheeled inverted pendulum type mabile robot
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Fig. 2.1 Wheeled inverted pendulum type mobile

robot in turning motion
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pendulum type mobile robot
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Table 2.1 Parameters and Variables

M, 12.18 [kg]
M., 051 k]

o 0.35 kg- ]
I 5.1E-4 [kg- ]
I 3.2E-6 kg- 1]
r 0.062 [m]

| 0.143 [m]
78 5.76E-3 |[Nm/ (rad/ sec)]
U 4.25E-3 |[Nm/ (rad/ sec)]
o 235E-3 INM/A]
g 9.8 [m/ sec?]
n 395

) [rad]
0 [rad]
B [rad]

u [A]
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L (Lagrangian) L=T-U
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(Real- Coded Genetic Algorithm: RCGA)
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Fig. 3.1 Flow chart of a GA



3.1.1

k (3.1
s(k)=xT (k)= (x1 (k) Xp(k)- - - - - X, (k))
x(k)eR" n
(81, 3.2
k)’ 1,345 | -5.234 | 34.596 |-75.659
stk) = | ga45 |-5.234 | 34508 |-75.659

32
Fig. 32 Rea coding chromosome

3.1.2

p(k) = {sui(k) sp(k)- - - - - sn(K)}
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si(k)= (xin (k) xia(k)- - - xj (k) - - xip (K))

v Xg(k) i , N

[8]
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3.1.6

- f(s(k)) = F(x(k))-r
o f(s(k))=- F(x(k))-r
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3.1 SA
T able 3.1 Physical annealing and SA

SA

(feasible solution)

qguenching

1953
. Metropalis
(thermal equilibrium)
X (perturbation)
y A = E() - EX)
S 0 S
(3.7)
_ 4
eXp(' kBT )1 kB 7T

- 22 -

M etropolis

(3.7)




(38)

Pris=x} = ey em(Ed)
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Fig. 3.6 Parameters estimation of the controlled system
using a RCGA with SA
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u
t T
J = fo[xp' Xm] P [xp- xpldt (3.10)
Xp ’ Xm
P P = diag(Py, Py, Psg)



(3.9) (3.10)
SA RCGA

U= = klxpl' kzxpz' k3Xp3 (311)

[k k, ks]=[17.7 304 0.181]

37 35 x (0) =
[5#/180 0 O] (3.11)
u 38 39
37 u RCGA
SA RCGA
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P= diag(220, 3.0, 24) 05
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Fig. 3.7 Input data for parameter
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Fig. 3.9 Results of parameter estimation using

the proposed method
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Fig. 3.10 Comparison of the objective function

between a RCGA and the proposed method
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38
RCGA

3.2

9- 10

32 RCGA

RCGA

Table 3.2 Parameter values estimated by RCGA and the

proposed algorithm

RCGA
0 1 0 0 1 0
A 40.8195 0.0796 0.0522 43.5915 0.0955 0.0531
- 80.4474 0.4082 - 0.2789 - 80.7274 0.4259 - 0.2790
0 0
B - 5.8305 - 6.076
28.1734 28.1985
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