
Abstract
Many robots excel at their positioning and trajectory tracking 
using software control and most successful robotic application 
utilize this ability – examples include CNC machining, robotic 
welding, painting and pick-and-place board assembly. A robot is 
an integrated system of electronics, software, and mechanical, 
and each part of the system limits or enables the behavior 
of the whole. For dynamic behaviors such as running, the 
performance limitations of robot are often due to limitations 
of friction. Friction effects are particularly critical for industrial 
robots. Friction deteriorates the performance of industrial robots 
cause’s disturbances such as positioning errors, tracking errors 
and stick-slip errors in robotics. The effects of friction in robotics 
are greatly compensated by friction models. The objective of 
this paper is to derive a friction compensation strategy for a 
one link robot, which reduces steady-state errors.

Keywords
Robotics, Friction Models, Friction Compensation Strategy

I. Introduction
Robotics, computer-controlled machine that is programmed 
to move, manipulates objects, and accomplishes work while 
interacting with its environment. Robots are able to perform 
repetitive tasks more quickly, cheaply, and accurately than 
humans. A Robot can be defined as a programmable, self-
controlled device consisting of electronic, electrical, or 
mechanical units. Robot is a system that contains sensors, 
control systems, manipulators, power supplies and software 
all working together to perform a task.

A. Friction
Friction is undesirable in the performance of controlled 
electromechanical motion systems. The positioning performance 
of robots is greatly influenced by friction. The effect of friction 
on robotic system depends on many factors such as lubrication, 
temperature, properties of surface material, displacement and 
relative velocity of robot. To achieve the maximum accuracy of 
robot friction should be reduced as much as possible. Friction 
is highly nonlinear and result in steady state errors, limit cycles, 
and poor performance.

B. Friction Categories 
The Friction is categorized in two groups’ static friction and 
dynamic friction.

1. Static friction
is the force that holds back a stationary object up to the point 
that it just starts moving. The example of static friction is the 
force that prevents a car wheel from slipping as it rolls on the 
ground.

2. Dynamic friction
is the force holding back regular motion. This, kinetic fiction 
coefficient of friction is one of the forces restricting the 
movement of an object that is sliding on a relatively smooth, 
hard surface. Dynamic friction occurs when two objects are 
moving relative to each other and rub together (like a sled on 
the ground). 

II. Friction Models
To compensate the effect of friction in robotics friction models 
are used. Each friction model incorporates one or more friction 
phenomena. The models are divided in two groups, static 
models and dynamic models. Static friction model incorporates 
only static friction phenomena and are a static function of 
velocity. A major problem of the static friction models during 
simulation is the discontinuity at zero velocity. [4] Dynamic 
friction models contains behind static friction phenomena and 
also some dynamic friction phenomena.

A. Static Friction Model
Static friction models have a static dependency on velocity.The 
major problem with static friction model is their discontinuity 
at zero velocity [6].

     
Fig. 1: Static Friction Model

B. Columb plus viscous Friction Model
The Coulomb + viscous friction model is given as ff = fc sgn (v) 
+ fvv, but this model is not suited for implementation because 
of the discontinuous sgn ( ) function.

Fig. 2: Columb plus viscous Friction Model

C. Coulomb plus viscous plus stribeck friction model: 
For low velocities, the friction force is decreasing continuously 
with increasing velocities; this phenomenon of a decreasing 
friction at low, increasing velocities is used in this model [1].

Fig.3: Columb plus viscous plus stribeck Friction Model
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D. Dynamic Friction Model
Dahl model is used for the purpose of simulating control systems 
with friction. Dahl model accounts for the zero slip displacement 
and hysteresis effects of friction. It does not capture stribeck 
effect and stick-slip motion effect of friction.

Fig.4: Dahl’s model

Bliman-Sorine Model It models static, viscous and Coulomb 
friction of the static friction phenomena and only pre-sliding 
displacement of the dynamic friction phenomena.

III. Friction Compensation
Friction compensation based on friction models is usually 
adopted to eliminate the nonlinear effect of friction [7].

A. Friction Avoidance
Friction avoidance is usually done in the design and development 
phase of a robot. The different strategies available in this are 
Selection of Appropriate Lubricant, Increase of Stiffness and 
reduction of inertia, Replacement of sliding contacts with rolling 
contacts.

B. Non-model-based Friction  

Compensation
They don’t require friction model and can be applied generally 
for the compensation of various disturbances coming during 
the performance of robot. The non model based friction 
compensators are: Dither Signal, High gain PD/Pl/PID control, 
Fuzzy PI control, Impulsive control.

C. Model-based Friction Compensation
In this compensation technique a friction model is utilized 
for the design of the friction compensation. The friction 
component is calculated and added to the controller signal. 
The friction compensator has as an input signal either the 
reference, measured or estimated velocity. The model based 
friction compensators are Adaptive Friction Compensator, 
Learning Friction Compensator, Robust Compensator, and 
Fixed Compensator[5].

D. Model Free Compensation
Model-free compensation is model-based compensation without 
using a parametric friction model. The model free compensators 
are Repetitive compensator, Learning Compensator.

IV. Problem Formulation
In this problem, controlled one-link robot is proposed to avoid 
friction. Friction is generally velocity dependent so model 
based friction model depending on velocity is used for friction 
compensation strategy. Linear proportional derivative controller 
is used to avoid the non-zero steady state positioning errors 
caused due to discontinuities in the friction and friction 
compensation strategy[3].

Fig.5: Experimental set up
The link is driven by a control torque t which is supplied by 
induction motor. The angular position q is measured by a 
position encoder. The robot is modeled as a single inertia Y 
(modeling the inertia of the link and the driveline) subject to a 

viscous friction torque −v q , a dry friction torque −Ff ( q ˙) and 
a control torque t, which leads to the following model: 

                  Y q + v q = t − Ff ( q ).                          (1)
With the help of frequency-domain identification technique, the 
total inertia of the system is Y = 0.026 kgm2/rad.
According to set valued force law the dry friction torque is given 

as:              Ff ( q ) ε g ( q ) Sign ( q ),                    (2)          
in which g(q˙)Sign(q˙) represents the Stribeck curve including 
the modeling of station, with 

             g(q˙) = Fc + δFe  −  β          (3) 
Herein, Fc is the Coulomb friction force, δF the difference 
between the static and Coulomb friction force (δF = Fs − Fc), 
υs the Stribeck velocity and β the Stribeck shape parameter.  
The measurement results and the friction model (including both 
viscous and dry friction) are shown in Fig.. The resulting friction 
parameter estimates are given in table 1, where different 
parameter estimates are obtained for positive and negative 
velocities indicating an asymmetric friction model [7].

  
Fig.6: Friction measurements (dots) and friction model (solid line)

Table 1: Estimation of Friction Parameters  
Parameter q >0 q <0 Mean value

β 1 1 1
Fs  (Nm) 0.5738 0.5121 0.5431
Fc (Nm) 0.3919 0.3880 0.3939
υs ( rad/s) 0.0667 0.0815 0.0758
B (Nms/rad) 0.0820 0.0793 0.0801

V. Friction compensation Strategy
The friction compensation strategy incorporating the reduced-
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order linear observer and a proportional-derivative controller 
is shown in fig. 7.

Fig.7: Friction Compensation strategy
The total control action u is composed by the feedback control 
uc and the friction compensation ufc: 
                  u = uc + ufc.

 Where,      uc = n1(qr − q) − n2 q                     (4)
n1, n2 are proportional and derivative gains of PD controller. 
The value of n1, n2 are taken as greater than zero,                                                   
n1, n2 >0
According to set- valued friction compensation law

  ufc = rFf ( q )  ε rg( q )Sign( q ) ,     (5) 
where r is a scaling factor of the friction compensation. Equation 
(5) reflects a feedback compensation strategy where the 
estimated velocity is provided by an observer. When r = 1, 
exact friction compensation is attained and, when r ≠ 1, non-
exact friction compensation is attained. The reduced-order 
observer is designed as                                                                                                

)()(1 . qqLufcu
Y

q
Y
bq  −+−+

−
=

           (6) 

Where q   is the observer state (the velocity estimate) and L 
> 0 is the observer gain. 
The observer error is given as 

e  =   q  -  q          ( 7 ) 

The state coordinates are   x = [q q  e] T and can be formulated in 
terms of these states by the following differential Equations:     

       x 1=x2+x3                                                        (8)                              

x 2=                             (9)                                

 ( 1 0 ) 

The behavior of the closed-loop system is determined for the 
case of exact friction compensation. i.e. r = 1 in eq (5). Firstly, 
the existence of an equilibrium set depending on the system 
(and control) parameters is find out and then the stability of 
the set-point (the origin) is determined.

VI. Simulation
The mathematical equation for the system is                                                                           

Y q + v q = t − Ff ( q ).                                                
From experimental results Y; Inertia = 0.026Kgm2/rad
Ff , Dry friction Torque Ff = Fs - Fc Ff  =   05429-0.3939                                            
Ff= 0.149 Nm
According to Friction compensation Strategy

The total control action, u = u1 + u2                (1)                 
                 U2=n1 (0−q) −n2v                     (2)                
                     U1= r Fv                           (3)
             Where,    r = 1 scaling factor
 n1,n2 are proportional and derivative gains
            n1 = 0.4 and n2 = 0.02
The specified range for q = -2 to +2
The specified range for v = -2 to +2
The value of control action (u) can be find out for different 
values of q and v from the above specified range.
The state space coordinates for the robot can be find out for 
equations (1),(2),(3)
 The constant values are  
                    Y = 0.026Kgm2/rad
                     b = 0.0809 Nms/rad
                          L = 80
The specified range for a = -3 to +3
The three state space coordinates are
             [ q  a e ]
The value of these coordinates can be find out with the following 
equations

             x 1 = x2 + x3                       (4) 

x 2 =          (5)                                                       

          
                                                            (6) 
  Where x1 = q; x2 = a; x3 = e
The state space coordinates of robot can be find out based on 
equations (4),(5),(6)

VII. Conclusion  
The potential of friction compensator methods for the purpose 
of reducing the effect of friction on robot performance has 
been proposed and implemented. A new friction compensator 
algorithm based on velocity estimation was developed. The 
main advantage of proposed algorithm is to find out the 
equilibrium points for the robot origin. The algorithm uses 
friction compensation strategy and reduced order observer for 
velocity estimation. Friction is based on velocity measurements 
but the system is equipped with position sensors so as to obtain 
the velocity parameters reduced order observer is used. The 
combination of the reduced-order observer and a PD-controller 
exhibits only three design parameters (two controller gains and 
one observer gain). This allows for a simplified analysis of the 
effect of these parameters on the behavior of the closed loop 
system. The friction compensator algorithm is designed for 
different values of velocity in the specified range to obtain the 
equilibrium points for the exact robot origin position. 
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