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SUMMARY This paper is devoted to the problem of force sensorless
disturbance rejection in robot manipulators. In the proposed approach, the
control system uses position sensor signals and estimated values of external
forces, instead of force sensor signals. The estimation process is performed
via an adaptive force estimator. Then the estimated force vector is utilized
to compensate for the force disturbance effect in order to achieve a better
trajectory tracking performance. The force estimation is carried out di-
rectly using no environment model. Asymptotical stability of the proposed
control system is analyzed by the invariant set and Lyapunov direct method
establishing an appropriate theorem. Finally, the performance of the pro-
posed control system is verified using numerical simulation
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1. Introduction

Manufacturing applications for force control include a great
variety of commonplace tasks, such as grinding, polishing,
buffing, deburring and assembly operations Il]. The dif-
ficulty of lorce control ol' robot manipulator is caused by
both the rigidity of force sensor and the condition of target
environment. When the robot manipulator has the effects of
high temperature, large noise, etc, the force sensor cannot
be mounted on it. Moreover, the force control approaches
based on the feedback of force sensor signal should take the
rigidity of force sensors into account, which is very difficult
in the motion control of robot manipulator [2].

In order to overcome these problems, a number of ap-
proaches have been developed. Common among them is
employing observer to compensate for the disturbance [3]-
[l7]. Various methods are used to design these observers.
For example, in [4] an observer based on 11- control the-
ory for a six-link electrohydraulic manipulator is presented.
Another observer, based on Internal Model Control OMC)
for detection of misinsertion in the assembly of odd-form
electronic component is designed in [5]. Some of these ob-
servers are also developed for redundant [9] and cooperative
[0] manipulators.

Although the disturbance observer performs desirable
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model regulation and disturbance rejection, it introduces
problems in stability and stability robustness of the system
due to the use of feedback I I 3]. Many important properties
of existing disturbance-observers have not been established,
e.g., unbiased estimation or even global stabil ity [14]. Also,
even though in some of these approaches, properties such
as global stability are proved, they are developed for special
cases; for example, only for two-link manipulators tlal by
Chen et al. or only for systems with Coulomb friction [16],
[17], by Friedl-Park, and Tafazoli et al.

Several works have been reported for adaptive force
control of manipulators (e.g. that by Whitcomb et al. I l ]);
however, desired force control rather than force disturbance
rejection has often been the aim of control. Also, they have
used force sensors.

In this paper, a new scheme is introduced to estimate
and reject the external force disturbance based on using
an estimation of force provided by an adaptive estimator.
Global convergence of the tracking and the estimation errors
in this scheme is proved by using a time-varying Lyapunov
function and invariant set theorems.

In the first glance, the selected Lyapunov function may
seem to be similar to that selected by Spong and Ortega [18]
(which is a modified form of rhat selecred by Slotine and Li
[19]); however, some main differences exist. Firstly, in the
proposed scheme, the estimated parameters are components
of the external force vector (consisting of external forces and
torques exerted on the system), and the inertia parameters
(link masses, moments of inertia, etc) of robot are known.
While in [8], the estimated parameters are components of
the inertia parameter vector and it is assumed that no exter-
nal force is applied to the system. Hence, the aim of control
in [ 8] is merely trajectory control by using esrimarion of
the inertia parameters, while in the proposed scheme, both
force and position are considered in control, and enhanc-
ing the trajectory tracking results from force estimation and
compensation. Secondly, in [18] the skew-symmetry prop-
erty is required in the design of the control system, whereas
this property is not necessary in the present work and it has
no restriction on use.

The proposed scheme has some desirable properties:
the knowledge of force direction is not necessary; compu-
tation or estimation of joint acceleration is not needed; the
convergence of tracking error is independent of initial con-
figuration; the scheme is not developed for a special type
of rigid manipulators; and as seen in the simulations of the
papeq the controller gains are not too large.
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