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Parameter Estimation and Stabilization Control

of an Inverted Pendulum System Using a RCGA

Jong-Aap, A/mn

Department of Mechatronics, Graduate School

Aorea Maritime University

Abstract

This thesis presents a scheme for the parameter estimation and
stabilization of an inverted pendulum system. First, a stable feedback loop is
constructed for the unstable nonlinear system and then the parameters of its
linearized model are estimated using input-output data, a real-coded genetic
algorithms (RCGA) and the model adjustment technique. Parameter
estimation does searching linear model from nonlinear model. A Pl-type LQ
control scheme is designed on the basis of estimated linear model such that
the output can track a step reference input under constant disturbance
environment. The performance of the proposed scheme is demonstrated

through a set of simulation and experiment.
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Nomenclature

ith Row and jth Column Element of Matrix A

Lower Bounds of a;; and b;;
Upper Bounds of «a;; and b,,.,j
Constant Matrices

Augmented Matrices

ith Row and jth Column Element of Matrix B
Viscous Damping Coefficients
Input Force

Gravitational Constant

Pendulum Moment of Inertia

Rotor Inertia

Performance Index

Planetary Gearbox Gear Ratio

Motor Back-EMF Constant

Motor Torque Constant

Feedback Gain Matrix

Augmented Feedback Gain Matrix
Distance from Pivot to Centre of Gravity
String Length(Chromosome)

Total Mass of the Pendulum(i.e. moving parts)
Pendulum Mass

Cart Mass

Population Size
Common Positive Definite Symmetric Matrix
Population of k Generation

Crossover Rate
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Mutation Rate

Weighting Matrix

Coulomb Friction Force of the Cart
Coulomb Friction Force of the Pendulum
Motor Pinion Radius

Weighting Coefficient

Motor Armature Resistance

String or Chromosome

1—-th Chromosome

Total Kinetic Energy

Position Energy of Cart

Rotation Kinetic Energy by DC Motor
Pendulum Kinetic Energy

Pendulum Rotation Kinetic Energy

Control Input
Total Position Energy

i—-th Gene

Cart Position

Cart Velocity

State Variables

Augmented State Vector

Plant State Vector

State Vector

Parameter of a Positive Number
Output

Error State Variable

Pendulum Angle

Pendulum Angular Velocity



Reproduction Coefficient

Rank
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314 712 44 d2A(Genetic Operator)

T dudFe e AdAe Az} dFE =2

s !
F 9ok B AN R ROGAE AAA, @, Eddel du4g /2

=
S dagd oz xS ofF Aue Huo HA HAEE o IANG
S g% A slFE 5L MY ARAAS dugFoem FEEG HoeR
= £33 A9 (Roulette Wheel Selection), =3¢l 7] %3 A 9 (Ranking-Based

Selection), EY W E A &l (Tournament Selection) 5°] Jom ® =FEJMes +

wj o} §-AF3E A A AH(Gradient-Like Reproduction)[11]& A}-& 38} 94 o},

3.1.4.2 av)(Crossover)
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Fig. 3.4 Modified Simple Crossover
3.1.4.3 = 49 o] (Mutation)
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bt kARt Al Z27]e] @A HW FAAe] YA Agoew
(Local Solution)t} AF4 (Dead Corner)oll wWhA Al ¥ = 8.31o] Hrh Job
AAAE EANA HEZE BF Z2A HW AR ww] AdAE o]E WA
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3.1.6 ¥+ ¥ = (Elitism)
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Fig 3.5 RCGA-Based Model Adjustment Technique
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A 43 =47 A= kA3 Ao

HERAs F48 GevHE ol §3hol
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A7 zt)ER" = A=d FH¥HE, yR)ERE =9, u

olil A, B, C & 717} 4x4, 4x1, 1x4 25 dolt}, o 84 (4, B
A o] (Controllable)3t a1, 24 7] AA ZANME y(t)

limu(t)—0, limz(t)—00¢] %t}
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wit)= —Kz(t)= —r 'B"Pz(t) (4.3)

o7)4 Kt Hev olSRERA 4% @doli P (44)9%h 2 Riccati W4
SEELEOES

A'P+ PA— PBr 'B'"P+ Q=0 (4.4)
42 PIZF 9 LQ Aol7] AA

HA TE PR AF 2AE yt)=0, t>0 = A sl AAE &
FAfo Agol @I, E Aoty Azl o] EAT W FYAR
@ & Aok webd Awge @] £AsE BFANE 2 y(t)7h 7]
v ()% AAdEes glo) & FEHAA A Aot AES PY e
Bl = Ao s g AP
(459 ol AR AR FHUF 2()F A o Bk,

oi“:

ANk
jinss
I

ox

z(t) = /[y(t)— y, (t)]dt (4.5)

@De BAYAAN 45)F olgstel FA4Y Uy oz FAIY by
s o] g & gt

. A 0] [x() B 0

[x(t)} S P } lw + )+ | - }y’ (t) (4.6)
201 e oll:0) lo 1

& oA thedt 2ol Yehd £ an

o(t) = Az(t)+ Bu(t)+ Dy, (t)

y(t) = Ci(t) (4.7)
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= —Ka)+ ks [ () =y, (1) (4.9)
0
AN K=K, k)= =9 o]5gdo]n, P= thS Riccati $A4 9 8
SRR
~T= =% 5o~ 13Ty, =
AP+ PA— PBr BP+ Q=0 (4.10)
@Oel A o 4 Y=o e Ao AL wA-ARE Aol FuT
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Fig. 5.1 Wiring Diagram of Inverted Pendulum System
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z,(t)= flz, 1)) (5.1)

A7, z,t) =2, a, z, o= e,
fz, @) =[f1 (@, )] =[f(z,t) folz, @) filz,t) filz, @)= TFE
o3 thEt o] Fojxih

filz, () = x,5(t)

falz, (8) = x,,(t)

3@, ()= {0.141733x,5 (t) + 0.002503sin (z, ()22, (¢)
+0.000182c0s (1,5 ()2, (t) — 0.056582c0s (2,5 (t))sin (z,, (t))
—0.032961F,} / {—0:030756 + 0.005768cos> (z,, (t)) }

fal@, ()= {0.326567cos (2,5 (t))z,5(t) +0.0057678cos (z,, (t))sin (z,, (t))z}, (¢)
+0.002239z,, (1) — 0.695188sin (z,, (t))
—0.075946¢0s (2,5 (t))F,} / {—0.030756+ 0.005768cos > (z,, (¢)) }

F, = 1.723543u(t) — 7.723563,5 (¢)
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Fig. 5.2 Input-Output Data for Parameter Estimation
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724zh 23 < gy < al?, 0 < b < b6l A g A E L olw) RCGAS] Al
ojWers Ao 27l N=80, AAMAF n=18, wujgdsE P, =09, =
Ll

=0.27} A5 Ak,

el

Table 512 8" RN Z(Seed)Z T2 AL 5 APy 73 S

o

Table 5.1 Estimated parameters

Parameters Mean Value Standard Deviation
a3 2.351458 0.313319
a33 -15.963434 0.376737
(34 -0.007383 0.000984
g9 27.598646 0.631900
(y3 -36.265516 0.756379
(yy -0.085132 0.006186
by 2.288361 0.054156
by 5.198291 0.108748

Fig. 532 RCGAZF etvl8 & wAel 7h= & o & Wi, Fig. 54 o
He] HAFE g Ehla A
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Fig. 5.3 Parameter Estimation
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