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a b s t r a c t

In this paper a new open-loop (off-line) identification approach to determine the friction parameters in
the joints of robotic manipulators is presented. These friction parameters are the Coulomb friction, Static
friction, Stribeck velocity constant and Viscous damping coefficient, referred to as the CSSV.

The new friction identification approach introduced in this paper permits the CSSV to be determined by
solving a nonlinear optimization problem which is derived using work-energy principle. The correspond-
ing nonlinear optimization problem is solved using an efficient technique which does not require itera-
tion or any initial estimate of the parameters. This new open-loop approach, compared to the available
open-loop approaches, has the advantages that do not require the values of the manipulator’s parame-
ters; such as mass or mass moment of inertia of links. Moreover, since this new identification approach
is open-loop, it has the superiority that does not require any controller, which is the vital component in
the closed-loop identification approaches.

The new identification approach proposed here is applicable to the joints of earth-based robotic manip-
ulators whose corresponding links move in the horizontal plane or the joints of space manipulators. The
new approach was experimentally verified on a robotic manipulator available in the Robotics Laboratory
at the University of Saskatchewan.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

One of the inherent nonlinearities in almost all robotic manip-
ulators is friction [1]. Control of robotic manipulators, in the pres-
ence of friction, might suffer from phenomena such as steady
tracking error [2], limit cycles [3,4] and stick–slip [5]. Therefore,
to improve the performance of controllers, without resorting to
high gain feedbacks, the friction force (torque) should be identified
and compensated. Hence, a model which is capable of satisfactorily
resembling the friction force (torque) in robotic joints should be
first selected and its contributing parameters then identified [6–9].

In this paper the torque of friction, sfriction, in a revolute joint of a
robotic manipulator is modeled as1 [3]:

sfriction ¼
ðsc þ ðsst � scÞe�ð _h=vÞ

2 Þsgnð _hÞ þ r _h 8 _h – 0
minðjcmij; sstÞsgnðiÞ 8 _h ¼ 0

(
ð1Þ

where _h is the rotational velocity of the joint, i is the motor current,
cm is the torque constant which relates the motor current to the mo-
tor torque and sc, sst, v and r are the Coulomb friction, Static fric-

tion, Stribeck velocity constant, and Viscous damping coefficient
(CSSV), respectively. Moreover, sgnð _hÞ is:

sgnð _hÞ ¼
1 for _h > 0
0 for _h ¼ 0
�1 for _h < 0

8><
>: ð2Þ

This model, Eq. (1), not only models friction during maneuver but
also approximates the friction during the stiction [3].

Although there are different models for the friction such as the
LuGre model [10], bristle model [11], modified sigmoid-friction
(neural network) and polytopic model [12], or those in [13–15],
in this paper the model in Eq. (1) is selected to represent the fric-
tion. This model, which is based on the widely used LuGre model
[10], assumes that the average deflections of the bristles in the Lu-
Gre model are constant [16]. That is, the frictional memory and the
rising static friction [1] are considered negligible. Even though,
neglecting frictional memory and the rising static friction leads
to an approximation, the model in Eq. (1) is computationally effi-
cient and its application to predict the friction in robotic joints
has been experimentally verified in many studies such as [16–20].

After selecting the model presented in Eq. (1), CSSV have to be
determined. To determine these parameters, a new open-loop (off-
line) approach is introduced in this paper. Based on this new ap-
proach the CSSV is determined by solving a nonlinear optimization
problem. The nonlinear optimization problem is derived according
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1 For a prismatic joint the relation between the force of friction, Ffriction, and the
translational speed, _x, is similar to that presented in Eq. (1) with the difference that _h
and sfriction in this equation should be replaced with _x and Ffriction, respectively.
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