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Absiruct-A dynamic fuzzy logic based adaptive
algorithm is proposed for reducing the effect of stick slip
friction present in 1-DOF (one degree of freedom)
mechanical mass system. The control scheme proposed is
an online identification and indirect adaptive control, in
which the control input is adjusted adaptively to
compensate the effect of nonlinearity. Lyapunov stability
analysis is used to ensure the boundedness of tracking
errors, identification errors etc. The efficacy of the
proposed algorithm is verified on a 1-DOF mechanical
mass system with stick slip friction.

1. INTRODUCTION
Friction is one of the nonlinearities arising in
almost all the mechanical systems. It is unavoidable in
high performance motion control systems. In order to
achieve high performance, high quality mechanical
components are to be used. Friction compensation
facilitates us to use cheaper mechanical components.
Stick-slip friction some times known as dry
friction, is a natural resistance to relative motion between
two contacting bodies. It is commonly modeled as a linear
combination of Coulomb friction, stiction, and viscous
friction and Stribeck effect.
In the presence of friction the closed-loop
systems show steady state tracking errors, oscillations,
limit cycles etc. In addition the friction characteristics
may change easily due to the environment's changes, for
instance, the variation of the load, temperature, and
humidity. So the friction compensation is important in
high performance motion control systems and it is not an
easy problem to solve.
The friction model has been studied by numerous
researchers |I|,|2|,|3|. A nonlinear compensation
technique which has a nonlinear proportional feedback
control force for the regulation of the one degree of
freedom (1-DOF) mechanical system is proposed in |4|.
A robust adaptive compensation technique for tracking of
1-DOF mechanical system with stick-slip friction is
proposed in [5|.
In this paper, we are proposing the adaptive
control based on Dynamic Fuzzy Logic System (DFLS)
for the control of systems with friction. The DFLS is used
for both identification and control. Although so many

methods such as model reference adaptive control, self
tuning regulators etc are there, however, it is also known
that these kinds of approaches generally suffer such
weaknesses as the requirement for explicit a priori
knowledge of model structure, and ineffectiveness in
dealing with intrinsic system nonlinearities. Another class
of identification techniques that has recently emerged is
those with universal nonlinear approximation capabilities,
such as Fuzzy Logic Systems and Artificial Neural
Networks (ANN). This class of approaches neither
requires a priori knowledge of system structure, nor is
impaired by the presence of nonlinearities and unknown
internal dynamics. The ANN is characterized by massive
parallelism and learning ability, but its parameters
generally lack explicit physical meaning, while the FLS
provides an effective framework for incorporation of
human linguistic descriptions of unknown systems, and its
parameters have clear physical interpretations.
Motivated by the fact that the physical systems
of interest are generally dynamic, a so called DFLS has
been developed. It incorporates dynamical elements into
ordinary fuzzy logic systems and hence would itself be
more naturally integrated into dynamic systems. It can
take the advantage of intrinsic dynamics and can provide
new tools in identification and control |10|. It is a soft
computing method and it can take care of more
nonlinearities which will arise in the system being more
general method. Also it provides an effective framework
of analyzing the stability of DFLS based on Lyapunov
stability theory.
In this paper, we are proposing the DFLS based
adaptive control scheme for the control of systems with
friction. Attempt has been made to develope a control
algorithm based on DFLS for compensating the friction.
This algorithm is successfully applied on a 1-DOF
mechanical system with friction.
2

1-DOF mass system with friction

In this section a 1-DOF mechanical mass system
with friction is described.
The
1-DOF
mechanical
system
under
investigation is a mass constrained to move in one;
dimension with stick-slip friction present between the
mass and the supporting surface as shown in Figure (2.1).
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Figure 2.1 :The l-DOF mass system
The equation for this model is described as
follows |4|:
mx+F{X,u) + v(t) = u(t)
(2.1)
Where m is a mass, x(t ) is a relative
displacement, F(X,lt) is a friction force.X= \_X,x\ is
state vector, »(/) is the input force and v(0 is a bounded
external disturbance which represents the equivalent total
disturbance due to the measurement noise and noises in
the power source etc. The external disturbance is assumed
to be bounded within the unknown upper bound £d as
follows:
|v(0|<£(/

for all t>0

Figure 2.3: Sticking friction
The graphical representation of the terms
Fsli/I(x) (slip friction) and Fslick(n) (stick friction) are
given in figure (2.2) and (2.3). Here the problem is to
design a control input u(t) such that the position x(t) will
track a pre-specified trajectory.
The slip friction force is modeled as a
summation of the Coulomb friction, viscous friction and
the Stribeck effect |4|.

(2.2)

The stick-slip friction force F(X,u)
assumed to be modeled as follows :
F{X,u) =
F,llct(u)[l -

3

is

(2.3)

Where

a>0

Dynamic Fuzzy Logic System

Here, the introduction of dynamic element in the
fuzzy logic system and the so obtained Dynamic Fuzzy
Logic System (DFLS) |9| is described. The DFLS is as
shown in Figure (3.2). It consists of a static fuzzy logic
system (FLS) shown in Figure (3.1). It's output >>-, is
followed with a combination of a dynamic element-the
integrator- and a positive coefficient feedback a.

X(x) =
Negative Viscous
Friction
(The Stribeck
Effect)

Extra Friction at
Zero Velocity,
Static Friction

3.1 The Static Fuzzy Logic System
The basic structure of the fuzzy logic system considered
is shown in Figure (3.1).
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Figure 3.1: Static fuzzy logic system
Figure 2.2: Slipping friction
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It is composed of four major components,
namely, a fuzzy interface, a fuzzy rule base, a fuzzy
inference engine and a clefuzzification interface. Because
multi-input, multi-output (MIMO) system can often be
decomposed into group of multi-input, single-output
(MISO) systems, only MISO fuzzy logic systems will-be
considered in this work.
\^
By using some particular rules (refer [ 6 | ^ ] ^ n d ^
| 9 | for complete details and expressions) the output of the
static fuzzy logic system obtained as product of two
vector as shown below.

4.1 DFLS Based Adaptive control
Now, an indirect control algorithm for the class of
nonlinear systems expressed in the companion form is
described.
A general class of non linear systems can be
represented as
w
bu,
(4.1)
Above equation can be rewritten in the state space
representation as

(3.1)
Y = { V,

~yt

T

} (called parameter vector) and <J>

={<t>,
cJ>/}r. Eq. (3.4) shows that <i> is
characterized by the number of input fuzzy sets, {Ui ,
U:'
Up1, Ur, U2:
Up1'}, as well as the position
and shape of the membership function for each input
fuzzy set. If we fix these parameters and leave only, y.
i=\,
J, as adjustable parameters, it makes the above
expression linear in it's parameters.

xH=f(X) + bu
The above system is identified
simultaneously by a parameter updating
from Lyapunov stability analysis) and
which are given below.(refer [10| for
explanation)

(4.2)
and controlled
law (obtained
a control law
more detailed

Parameter Updating Law:

3.2 Dynamic Fuzzy Logic System

Y=-H[®(X,u)hi;-$>(X,O)(BTPe)]-S[}HY

The fuzzy logic system characterized by Eq.
(3.1) is capable of approximating any real continuous
functions on a compact, set to arbitrary accuracy, i.e., it
can be viewed as a versatile and accurate static non-linear
mapping. However, as mentioned in the Introduction, the
physical systems in identification and control applications
are generally dynamic, so that advantage can be taken of
the intrinsic dynamics by incorporating some sort of
dynamics into fuzzy logic systems. This motivation led to
the investigation ofdynamic fuzzy logic system (DFLS).

(4.3)
where H is a constant positive definite symmetric
matrix, h
is a positive constant that weighs the
identification error, P is a positive definite symmetric
matrix that satisfies Lyapunov equation, e is the tracking
error matrix, S and j3 are switches and £ is the
identification error.

FLS

Control Law:

l
y
(4.4)
qN and qN here are the desired states. OCk are
weights for tracking errors. It can be shown that the
control law (4.4) along with the updation law (4.3)
guarantee the stability of the closed loop system.

Figure 3.2: Dynamic fuzzy logic system
Consider the Dynamic Fuzzy Logic System
(DFLS) illustrated in Figure 3.2. It can be represented by
the following differential equation of the form

y = -ay + $>T(Z)Y

(3.2)

where y is a scalar variable, and a is a positive constant.
The second term on the right hand side of the above
equation is the fuzzy logic system defined in Eq. (3.1).
The DFLS described here is chosen to poses the
universal approximation property (refer [9| for statement
and proof)-

4.3 Stability Properties of DFLS
based adaptive control
The described DFLS based indirect adaptive control
scheme ensures the parameter vector Y , tracking
error,identification error parameter estimation error and
modeling error are all bounded (refer |10| for proof)-

5

Adaptive stick-slip friction compensation

The state equations for 1-DOF mass systems
can be represented in the form of Eq. (4.2) as follows.
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conlrclled Irajgctcty for stale x2(wlocit)Q ,

xx — x2
x2=u(t)-F(X,u)-v(t)

• DFLS Identifier output

(5.1)

where F(X,u) is given in Eq.(2.3).

A A A7

The adaptive law for Y from Eq. (4.3) is

Y = -H[<i>(X,u)h£-<i>(X,0)(BTPe)]-SI3HY
(5.2)
From Eq. (4.4) for a second order system the control
law becomes

F
,0)F-a,<?,
-cc2e2]

u = -[q2 + aq2
b

w
V V

Figure 5.4: Velocity tracking

(5.3)
For Typical values taken for different variables
in friction model refer |5|.
Control inpul forth*.sydum ',

^

Figure 5.5: position error

Figure 5.1: Control input u for the system
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Figure 5.6: Velocity error
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Figure 5.2: Position tracking
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The adaptive control algorithm based on DFLS is
applied on a 1-DOF mechanical system with stick-slip
friction. The desired trajectory for position is selected as
qi = sin(0.5t). Typical system parameters are taken from
[5| for the purpose of simulations. Position and velocity
tracking results are shown in figure (5.2) and (5.4)
respectively. Corresponding tracking errors are shown in
figures (5.5) and (5.6) which proves the satisfactory
tracking results. The control input is given in figure (5.1)
which contains both low and high frequency signals. The
high frequency signal can be compared with the
conventional dither signal.
The only problem associated with this method is
the design of off-line parameters. So many"offrline design
parameters such as OC , h, H, coefficients CCk , scaling
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factors for the inputs of DFLS and the number of primary
fuzzy sets etc should be selected off-line. Thus far, ad hoc
analysis based on physical intuition is required for
selecting these values. After off-line design, the parameter
vector Y is adjusted on-line with the adaptive law given
in Eq. (4.3). If satisfactory results are not obtained by
adjusting Y , one must return to the off-line design
process to modify the parameters and repeat the entire
procedure. Future scope of work lies in this area.

Conclusion
In this paper, the development of an adaptive
tracking control scheme to compensate stick-slip friction
present in 1-DOF mass system using DFLS was
presented. The 1-DOF mass system with friction is
identified as well as controlled simultaneously. The
stability of overall system is established in the Lyapunov
sense. Finally simulation results have verified the
effectiveness of the control scheme. Use of this type of
algorithm is advantageous as it can take care of more
number of nonlinearities present inherently in the system
being a more generalized method. Further it can be seen
that the control signal generated here contains high
frequency signal resembling the conventional dither based
approach for friction compensation.
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