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Abstract: A variable structure slip control strategy is developed for grasping objects by a robot end-effector. A
hybrid controller comprised of a fuzzy controller and a PI controller is designed to perform the strategy. When
a grasped object is slipped by an external force as a disturbance, the applied fingertip force is rapidly increased
to stop sliding and then decreased to a reliable limit to hold the object. The control structure is automatically
changed from PI control to fuzzy control if the slip is higher than the predetermined limit. The control system is
simulated for a two fingered robot hand driven by permanent magnet dc motors.
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The Coulomb friction model works well for
contacts between materials like metals, but is not
accurate for viscoelastic materials such as the
rubbers with which most fingertips are covered
[12]. Friction is well considered to the design of
hands for manufacturing tasks [13].
It is very important that the slip control is designed
as it can handle the friction effects due to
uncertainties. Fuzzy controller is used to overcome
the uncertainties [14]. Numerous reports show that
intelligent controllers based on fuzzy logic, neural
networks, and hybrid methods have been designed
to perform force control for robot manipulators [1520].
First of all, in this paper a variable structure slip
control approach is developed for grasping objects.
When slip is detected, the controller commands to
increase fingertip force until stop sliding. The slip
control strategy is then described and a hybrid
controller is designed. After that the simulation
results are presented and finally conclusion is
provided.

1 Introduction
Sensing technology and intelligent controllers have
been developed to perform robotic tasks such as
grasping objects and manipulation with dexterous
end-effectors. When performing grasping fragile
objects, it is necessary to control the inserted force
in order to protect object from damages and also to
avoid object sliding. The hybrid position/force
control strategy can be used to track a desired force
trajectory [1]. The measured forces and positions
are compared with desired positions and forces to
provide a suitable command by controller to
compensate errors in feedback control loops. The
control system selects the direction in which the
end-point position is controlled or the direction in
which the end-point force is controlled [2]. When
an external force is inserted to object, slip may
occur. The slip control is then operated to stop
sliding. The fingertip force is increased in response
to the detected slip until stop sliding. The combined
linear and rotational slippage can be detected using
tactile and force sensors [3]. It is possible to detect
slip at pre-slip, start and post-slip conditions [4].
There are several techniques that can be used for
slip detection during the period of sliding [5], [6].
A comprehensive review on robotic grasping and
contact was presented [7]. It involves friction
problem significantly in several aspects. Friction in
joints is a nonlinear function of joint velocity and is
modeled by dry, stick, viscose and negative terms
of friction [8], [9]. Each contact point can be
modeled as a frictionless point contact, a frictional
point contact, or a soft contact [10]. However, it is
particularly difficult to model the relation between
small object/finger displacements and changes in
contact forces arising from these displacements. To
increase friction and compliance at the contact, the
fingertips can be covered with soft rubbers [11].

2 Control Strategy
When slippage is detected, the controller produces
suitable control inputs for the actuators to drive the
finger. A required normal force on the fingertip is
then produced in order to avoid slipping object.
The fingertip force is increased until stops object
slipping. Fig.1 shows the slip control system.

Fig.1 The slip control system
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A hybrid controller comprised a fuzzy controller
and a PI controller is designed to impellent the
control strategy. Whenever the slip goes out of
predetermined limit, the fuzzy controller is
automatically operated. The fuzzy rules are defined
in order that the slip is decreased back under the
predetermined limit and also errors subjected to
disturbances are reduced by an ability of
disturbance rejection. When the slip is located
under the limited value then the fuzzy controller is
automatically exited. At the same time, the PI
controller operates to reduce the slip. If by any
reason the error goes out of the limited value, this
procedure is repeated again to reduce the slip.
Based on the slip value, the structure of control
system is automatically varied.

Table 1. Fuzzy rules
Voltage
h
m
z

Slip

n
z
z
z
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Derivative of slip
z
p
nl
ph
pl
pm
z
pl

Fig.2 shows three membership functions (MFs) that
are used for slip named as positive (p), zero (z), and
negative (n). Fig.3 shows three MFs named as
positive (p), zero (z), and negative (n) that are used
for derivative of slip. Fig.4 shows five MFs
positive high (ph), positive medium (pm), positive
low (pl), zero (z), negative low (nl) that are
arranged for voltage. Mamdani type of fuzzy
inference method is chosen to calculate the fuzzy
controller and center of gravity defuzzification
method is applied.

3 Fuzzy Controller
Fuzzy controller can handle the system output by
controlling the system input based on the defined
fuzzy rules. However, the number of fuzzy rules
always causes conflict between accuracy and
complexity. Reducing the number of rules makes a
reduction in calculating time and causes simplicity
in the controller design. On the other hand, it may
increase error. Moreover, there is not always a
guarantee to cancel errors using a large number of
rules.
As illustrated in Fig.1, the reaction force on the
fingertip is transformed from the task space to the
joint space. When the end-effector is in contact
with the environment, the load torque is
approximately equal to the motor torque. The load
torque can be measured from either the motor shaft
or the motor current. It is proportional to motor
torque as well.
A fuzzy controller is designed for each joint. The
inputs and output for fuzzy controller of each joint
are arranged as:

Fig.2 MFs of slip.

Fig.3 MFs of derivative of slip.

input1 : slip
input2 : derivative of slip
output : voltage
The 15 fuzzy rules are written as
If input1 is MFm and input2 is MFn then output is
MFm,n

Fig.4 MFs of voltage.

For m=1,…,5 and n=1,…,3
Table 1 shows the fuzzy rules and fuzzy sets
arranged for two input variables, and the output
variable.

4 Simulation
The control system is simulated for a two fingered
end effector driven by permanent dc motors. The
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first simulation is carried out for a given
disturbance of 20N applied on an object with a
mass of 1kg. The fuzzy controller designed in
section 3 and a PI controller with a proportional
gain of k p = 0.25 , and a integral gain of ki = 5
are used to perform the control strategy. A friction
gain of µ = 0.5 is given. Fig.5 shows the slip
which is stopped after about 0.02sec. The
displacement of object is about 2.3mm as shown in
Fig.6. The normal force is rapidly increased to
avoid slipping and is then decreased to the reliable
limit of 60N to hold the object (Fig.7).
Fig7. the fingertip force.

Fig.5 the slip.
Fig.8 the slip.

Fig.6 displacement.
Fig.9 the fingertip force.

In the next simulation, we increase the disturbance
to about 40N and the other parameters are given the
same as the first simulation. The slip is shown in
Fig.8 which shows the same behavior but is longer
than before. The normal force is rapidly increased
to avoid slipping and is then decreased to the
reliable limit of 90N to hold the object (Fig.9).

6 Conclusion
A variable structure slip control strategy has been
developed for grasping object by a two fingered
robot end-effector. The control structure has been
automatically changed from PI control to fuzzy
control based on a predetermined value of slip.
When slip is located under the limited value then

3

Proceedings of the 2nd WSEAS International Conference on Dynamical Systems and Control, Bucharest, Romania, October 16-17, 2006

67

models”, IEEE Trans. on Automatic Control,
vol. 47, Issue 5, May 2002, pp. 787-792.
[10] Salisbury J. K., “Kinematics and Force
Analysis of Articulated Hasnds”, Ph.D. Thesis,
1982, Stanford University.
[11] Nguyen V. D., “Constructing force-closure
grasps”, Int. J. of Robotics Research, 1988, vol.
7, no. 3, pp. 3-16.
[12] Howe R. D., Kao I. and Cutkosky M. R., “The
sliding of robot fingers under combined torsion
and shear loading”, Proc. IEEE Intl. Conf. on
Robotics and Automation, 1988, pp. 348-353.
[13] Cutkosky M. R., “On grasp choice, grasp
models, and the design of hands for
manufacturing tasks”, IEEE Trans. on Robotics
and Automation, 1987, vol. 6, no. 3, pp. 25-48.
[14] Chen W., Mills J. K., Chu J. and Sun D., “A
Fuzzy Compensator for Uncertainty of
Industrial Robots”, Proc. of the 2001 IEEE Int.
Conf. on Robotics & Automation, Seoul, Korea,
May 2001, pp. 2968-2973.
[15] Cheah C. C. and Wang D., “Learning
impedance control”, IEEE Trans. on Robotics
and Automation, vol. 14, no. 3, June 1998, pp.
452-465.
[16] Huang L., Ge S.S. and Lee T. H., “Fuzzy
unidirectional force control of constrained
robotic manipulators”, Fuzzy Sets and Systems,
vol 134, no. 1, Feb. 2003, pp. 135-146.
[17] Jossi D. and Donath M., “Using six degree of
freedom impedance control robots to perform
contact tasks in a workcell”, Proc. of the ASME
Systems and Control Division, ASME 1995, pp.
207-216.
[18] Jung S., and Hsia T. C., “Neural network
impedance force control of robot manipulator”,
IEEE Trans. on Industrial Electronics, vol. 45,
no. 3, 1998, pp. 451-461.
[19] Khalil W. and Dombre E., “Modeling,
identification and control of robots”, Hermes
Penton Ltd, 2002.
[20] Xu Z. L. and Fang G., “Fuzzy impedance
control for robot in complex spatial edge
following”, 7th Intl. Conf. on Control,
Automation, Robotics And Vision, Singapore,
Dec 2002, pp. 845-850.
[21] Spong M. W. and Vidyasagar M., “Robot
dynamics and control”, John Wiley & Sons,
Inc, 1989.

the fuzzy controller is automatically exited and, at
the same time, the PI controller operates to reduce
the tracking error. If by any reason slip goes out of
the limited value, this procedure is repeated again
to reduce slip. The control system can overcome
the uncertainties using the fuzzy controller and also
can hold the object by a reliable force limit using
the PI controller. When a grasped object is slipped
subjected to an external force as a disturbance, the
applied fingertip force is rapidly increased to stop
sliding and then decreased to a reliable limit to hold
the object. The control system has been simulated
and the controller has been considered to perform
the strategy.
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