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ABSTRACT

This research presents control of Pendubot with chaotic perturbation using two fuzzy PD
controllers working in paralelle. A “Pendubot “ consisis of a double pendulum actuated only at the
first joint to control the second link in order to stay up-right all the time. To ensure stability of the
system, the bounded-input/bounded-output(BIBO) stability is derived from the small gain theorem
under the uncertain perturbation. The sufficient condition for stability is then obtained
accordingly.
Computer simulation results show that the Pendubot system is robust to the chaotic

perturbation if the perturbed signal to input ratio is less than 1.5 percent.
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Abstract Te R" isatorque.
v A o "o Nicaw pmepaes
This research aims to improve the performance of 6(9,9)9 € R" is the Coriolis force.
controlling a Pendubot disturbed by chaotic G(e)e R" is a term of potential function.
perturbation. The perturbation is in the form of chaotic
noises generating using a logistic map type. The control Y &

mechanism comprises of two fuzzy controllers working
in parallel: one for the actuator located at the first link.-
the other is for the second one. The propose
architecture is said to be robust in the sense that the
system can cope with the injected chaotic perturbation

proved by simulation results. 2
1 Introduction
The success of fuzzy PD controllers of [1-3] and Fuzzy —
PI+PD [6] for a two-link swing-up robot or a X
~Pendubot™ [4-5] is motivated the authors to investigate
more about issues in the same control architectures
when an input chaotic perturbation is applied to the Fig. 1 model of a two-link Pendubot
system. In the past literatures [1-5. 6], even the control
of the Pendubot has been achieved; however, the lOpiC Parameters in Fig. | are listed as follows:
of robustness under chaotic perturbation has not yet g = the gravitational constant.
been investigated. To extend the work. when a chaotic I,= the length of the first link.
perturbation is injected to the system. this issue creates I,= the length of the second link.
curiosity of pursuit for the answer whether or not the Lc,= distance between the first joint to the middle of
system has adequate robustness for such kinds of the first link.
perturbation.  This short paper presents a further study Le, = distance between the second joint to the middle
of control of a Pendubot under chaotic perturbation. A of the second link.
model for a Pendubot is briefly reviewed in the next M, = mass of the first link,
section. M, = mass of the second link,

X = position along the X-axis.
2  Model of a Pendubot Y = position along the Y-axis.

0 , = the angle between horizontal axis and the first
A two-link model of a swing up robot or a Pendubot link.
used in this paper is shown in Fig. 1. A generalized = the angle between the first link and the second
model tor N-link one can be expressed mathematically one;

by:cquation (1): 1 = the input torque applied at the first joint,

D(6) 6+ (0,000 +G(6) =1 (M Equation lcan be expressed in a form of matrix as
Where

0 € R " isajoint parameter.

0-7803-9314-X/06/$20.00 ©2006 IEEE ICIEA2006



Di. D él C, G, T
L+ + - (2)
p, D, |6, C G 0
Where

D= (m, +m, )Lf +m, L% +2m,L L, cos8,

D,, =m,L} +m,L L, cosH,

D, =D,

B =l

¢, ==mL L, (2é|(§2 + 9: )Siﬂ 0,

C, = m:;l',,Lzé,2 sin 9,

G, = (m, +m.)gl, cos®, + m,gL, cos(6, +9,)

G, =m,gL, cos(01+602)

Detail derivation for this model can be found in
many textbooks both in robotics and classical
mechanics. Next section provides a brief review about
fuzzy PD controllers and the control system
architecture.

3 Fuzzy Control System

To avoid redundancy from those in [I-3. 6-8], this
section provides a brief review on the architecture of the
control system shown in Fig. 2(a) and 2(b). Detail
calculation can be found in the references. As
mentioned earlier. the goal in this research is to extend
the investigation of [1-2] as well as to verify the
cffectiveness of the designed system. The presentation
for this section will be kept merely minimum length as
necessity.

Consider the Pendubot in Fig. 1; it is easy to see
that the system has 2 inputs and 2 outputs, which has the
structure of an MIMO system. One may select an
architecture consisted of two fuzzy controllers working
in parallel to control the two variables shown in Fig. 2.
The control input of each sub-controller can be
expressed by

u(t)=K,u (t) (3a)

Where

K,, is a fuzzy gain, and

u (t) = output value of the fuzzy sub-controller.

87

Fuzzy ul

Control

[ = 1s
z
I

[

Yy b
-
Kp2 Fuzzy | ] e J

é‘!
— > |+ Contol w
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Fig. 2(b) The control architecture of the MIMO fuzzy PD control
system

Simulation diagram for the Pendubot control
system can be shown in Fig. 3. The choice of sub-
controller hereafter is a fuzzy PD controller in [8] and
Fuzzy PI+PD in [6] where it control decision is fired
based on the situation that of which location on the error
phase plane the error coordinate is.

Set point 1=00°

h

[ -

-‘ Soft Switching Pendubot l
Function

| MIMO Fuzzy PD }—J_L_'
1 u,

Set point 2=0°

‘__r A
Fig. 3 Simulation diagram for the Pendubot control system

The switch function is used to switch control signal
between Fuzzy PI+PD and MIMO Fuzzy PD. If the
distance (d) form tip of the second link to the stable
position is longer than specific distance then apply
MIMO Fuzzy PD, else apply Fuzzy P1+PD. Distance
function is shownin[1].

4 The Logistics Map

This section presents computer simulation to validate
the design in [8] in case of 2 inputs- 2 output system
with the presence of chaotic perturbation.

The general form of the logistic map is given by
the following equation:



J(x) = rx(l —=x), 0<r=<4 (4)

The behavior of the steady-state solution of this
map depends on the value of parameter r. For 0 <r < 1.
the steady-state solution is 0: for 1 <7 < 3, a fixed point:
for 3 < r < 3.57. periodic: and finally for 3.57 <r <4,
chaotic[9]. the successive values of x are very irregular
and a small change in the initial condition yields a
significantly different sequence of x. In the following.
we consider a special case ot the logistic map by
selecting r = 4. Although other values of r close to 4 can
also be used. » = 4 guarantees that the function is
chaotic

Sf(x)=4x(1-x) (5)

magnitude

Drscrete-Time(s)

Fig. 4 Chaotic noise trom the Logistic Map(x,=0 4999)

5 Computer Simulation Results

In this section. the simulation diagram in Fig. 3 is
employed to as a model for Simulink. The model’s
parameters used here are similar to the set in [1.2].
which are:
=981 m/s
m, = 0.5289 kg.
I, =0.26897 m.
Le, =0.13494 m.

m. = 0.3346 kg.
l,=0.38417 m.
Lc, =0.19208 m.

We choose distance (d) equals 0.25 m.

For which no input perturbation, the outputs are
obtained similar to those in [2. 3] as shown in Figs. 5-6.
The goal for the control system is the two links must
stay in up-right position. In other words, the first link
makes a right angle respected to the horizontal plane
(90-degree) and the second link must stay in parallel to
the vertical plane (0 degree with respect to Y-axis). Fig.
5 demonstrates that the first joint has the correct target
position within 3 minutes. So as the second one shown
in Figure 6. Figure 7 shows the corresponding torque
produced by the controller located at the first joint.
Note that there is no actuator located at the second joint.
The motor at the first joint has to generate and
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compensate the control signal for both joint tracking to
the up-right position.
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Fig. 5 The trajectory of the first joint without input perturbation
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Fig. 6 The trajectory of the second joint without perturbation
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Fig. 7 The corresponding torque in case of no input perturbation

When the 0.05 V chaotic signals generated by
logistic map shown in Fig. 8(a) is applied to the control
signal before feeding to the Pendubot. The Pedubot can
still tracking the target for both joints as shown in Figs.
9 and 10. The corresponding torque produced in this
case is presented in Fig. 11.



Fig 8(a) The chaotic perturbation signal with 0.05 V injected at the
control input signal

Fig 8(b) The chaotic perturbation signal with 0.09 V injected at the

control input signal
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Fig 9 The trajectory of the first joint with chaotic noise of 0.05 V
contaminated at control input signal
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Fig. 10 The trajectory of the second joint with chaotic noise of 0.05 V
contaminated at control input signal
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Fig. 11 Corresponding torque for the case of the 0.05 V chaotic noise

contaminations
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Fig. 12 The trajectory of the first joint with chaotic noise of 0.09 V.
contaminated at control input signal

When the amplitude of the chaotic noise injected to
perturb the system at the control input has been
amplified till around 0.09 V. the system will be
eventually lost tracking ability and be imbalance finally.
The phenomenon can be evidently shown in Figs. 12-
14. Undoubtedly, the system cannot be tolerated the
0.09 V perturbed signal which apparently then becomes



a large disturbance with high signal to noise ratio at the
action input. The system is now proved to be preserved
a margin of robustness. And. hence, the system can
reject a chaotic noise contaminated as an input
disturbance

ann
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Fig 13 The trajectory of the second joint with chaotic noise of 0.09 V.
contaminated at control input signal
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Fig. 14 Corresponding torque for the case of the 0.09 V chaotic noise
contamination

6 Concluding Remark

This paper presents further examination of the fuzzy
control paradigm to a Pendubot in case of chaotic signal
is injected as a perturbed noise at the control input. For
small amplitude of the perturbed signal. the control
system can reject the perturbation. As the amplitude
change the perturbed signal to be the disturbance one,
the control system still in function at the certain level of
tolerance. For the large amplitude of the chaotic noises,
the system cannot be tolerated due to the control action
is dominated by chaotic noise led eventually to establish
chaotic behavior of the arms. It is now obvious that the
control architecture, appeared in this investigation,
could be used to reject the chaotic signal contamination
in the Pendubot system. Ditferent type of chaotic
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perturbation beyond the logistic map used here is also
encouraged for the future work.
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