
Type-2 Fuzzy Control Lyapunov Approach for

Position Trajectory Tracking

R. Farfan-Martinez¹, J.A. Ruz-Hernandez2, J.L. Rullan-Lara2, W.
Torres-Hernandez¹, and L.A. Cambrano-Bravata¹

1 Universidad Tecnologica de Campeche. Carretera Federal 180 s/n,

San Antonio Cardenas, C.P. 24381, Carmen, Campeche. Mexico.
Tel: 01 (938) 3816700, Ext. 120

{farfan678,williantorreshernandez,luzbra}@hotmail.com
2Universidad Autonoma del Carmen. Calle 56, No. 4 Esq. Avenida Concordia,

Col. Benito Juarez, С.Р. 24180. Ciudad del Carmen, Campeche, Mexico.

{jruz,jrullan}@pampano.unacar.mx@hotmail.com
Paper received on 12/10/13, Ассеpted on 01/19/14.

Abstract. The paper presents the design of type-2 fuzzy controller us-

ing the fuzzy Lyapunov synthesis approach in order to systematically
generate the rule base. To construct the rule base, the error signal and
the derivative of the error signal are considered. It also presents the per-

formance analysis to determine the value of the separation interval &
between the upper and lower membership functions of the type-2 fuzzy
set used. The controller is implemented via simulation to solve trajec-

tory tracking problem for angular position of a servo trainer equipment

in presence of backlash. Simulation results are successful and show better

performance than a classic controller.

Keywords: Fuzzy Control, Lyapunov Approach, Nonlinearities, Servo
Trainer.

1 Introduction

The fuzzy sets were introduced by L. A. Zadeh in the mid-sixties in order to pro-

cess data affected by non-probabilistic uncertainty [1]. The type-1 fuzzy systems
can handle the linguistic variables and experts reasoning and also reproduce the

knowledge of systems to control, however, it can not handle uncertainties such

as dispersions in linguistic distortion measurements and expert knowledge [2].

On the other hand, type-2 fuzzy systems can handle such kinds of uncertain-

ties and also have the ability to model complex nonlinear systems. In addition,

controllers designed using type-2 fuzzy systems achieve better performance than

those of type-1. The type-2 fuzzy sets were also originally proposed by Zadeh in

1975 [3].

In [4] a fuzzy logic type-2 based controller using genetic algorithms is per-

formed to control the shaft speed of a DC motor. Genetic algorithms are used

to optimize triangular and trapezoidal membership functions. The controller is
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Fig. 3. Components of a type-2 fuzzy system

The type-2 fuzzy systems consist of a fuzzyfier which converts a value from
real world into a fuzzy value, a fuzzy inference engine that applies a fuzzy rea-

soning to obtain a fuzzy output, an output processor comprising a reducer that

transforms a fuzzy set type-2 into a fuzzy set type-1 and defuzzyfier which con-

verts a fuzzy value into a precise value (see Fig. 3).
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Fig.4. Type-2 fuzzy sets: (a) Definitio of type-2 fuzzy set; (b) Fuzzy set for e; (c)
Fuzzy set for ė; (d) Fuzzy set for w

As mentioned above, membership functions in type-2 fuzzy systems are char-

acterized by having two membership functions of type-1; an upper and a lower

membership function. The interval & between these two functions can be var-

ied in order to obtain optimal performance [13]. Figure 4a shows such type-2
membership function.
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In this paper we have used the Matlab Toolbox developed and described
in [12] to implement the type-2 fuzzy system in order to generate values of w.
Figures 4b-c shows fuzzy sets for error e, for the derivative of error è and for

variable w, respectively.

3.3 Mamdani Position Controller

The goal is to design a control signal u such that the angular position x1 follows

a desired reference signal ye. That is, eg → 0 as t → o∞ where e = x1- ye. In

this case, ëe is related to w by ëo = w = 1 − ด. From equation (1), we have

that ž1= ż2 and the expression for w is wo =-x2 + Gau - Yo.Then, the

control signal u for position tracking is

T 1

u= GiG5 (wo+io) +
12

G1G2
(9)
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Fig. 5. Control scheme

Figure 5 shows the control scheme used for the simulations. The mathemat-

ical model of Servo Trainer and hysteresis block characteristics are determined

experimentally in the equipment.

4 Simulation Results

In this section the integral of the absolute value of the error (IAE) and the inte-

gral square error (ISE) are used as performance criteria of proposed controller.
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4.1 Position controller

The reference signal is the sine signal ye = 108 sin 0.3t degrees and small load
conditions are considered. Parameter & for type-2 fuzzy sets is set to 0.1. Per-

formance of our controller is compared to those of a classical controller with a

proportional controller for x1 (kp = 10) combined with a velocity feedback loop
gain with k, = 0.01 [11].

In Figure 6(Left) we can observe the trajectory tracking. Both controllers
have acceptable performance in tracking the position trajectory, but the classic
controller has oscillations in the output from the start and kept until the end of

the simulation. Looking the tracking errors (Up-Right side of Fig. 6) shows that

the error T2FC is smaller in magnitude than tue classic controller error. It is

also observed that both control signals have oscillations during the simulation,

but the control signal T2FC presents smaller variations. Both signals are within

the limits of the actuator of the equipment.
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Fig. 6. Position Tracking ye (blue line), T2FC (green line), classical controller (red
line). Left: Trajectory tracking; Up-Right: error signal; Down-Righ: control signal

Table 1. Performance of trajectory tracking

Controller IAE ISE

Position Tracking
Type-2 ( = 0.1)
PI (kp = 10, ki = 0.01)

2.06

2.919

0.1818

0.4669

Finally, the Table 1 shows the performance in terms of IAE and ISE error

criterions. Our type-2 fuzzy controllers had proved a good performance of the

proposed approach and surpass performance of classical controller.






