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INTRODUCTION

This work aims to extend the constraint-based formalism
called iTaSC in applications where the physical human-
robot interaction plays a central role, which is the case for
e.g. surgical robotics, rehabilitation robotics and household
robotics. In this kind of applications, the behaviour of the
robot while interacting with the user and/or the environment
is a central issue. On the other side, most applications
make use of constraints, which are expressed in function
of geometrical relations, or exerted forces; for example: i) to
maintain a given pose w.r.t. to a moving object, (beating
heart following), ii) to allow motion only along a specific
trajectory, (patient guiding in rehabilitation), iii) to apply a
specific force (grasp a fragile object or force reflection on
teleoperation), iv) to avoid collision with a specific (moving)
object,etc.

The description of these geometrical and force constraints
in different frames and the derivation of the optimal control
action, should be addressed by a constraint-based program-
ming method of which iTaSC is a good example [1]–
[3]. iTaSC stands forinstantaneous task specification using
constraints. The core of an iTaSC controller is the solver of a
least-squares optimisation problem which gives the desired
joint velocities for the robot as output. The inputs for the
iTaSC controller are (time-variable) setpoints for the con-
straints expressed in different frames. In case the problemis
over-constrained (e.g. in case of conflicting constraints), the
optimal solution of the solver depends on the implemented
weighting factors.

Since the output of the iTaSC controller are robot joint
velocities, its main application has been, till now, on veloc-
ity controlled robots, and interaction with the environment
was mediated by force sensing (e.g. the human robot co-
manipulation task described in [1]). In many scenarios de-
scribed above, however, low-impedance type robots are pre-
ferred in order to have a safer physical interaction between
the robot and the human/environment. Since such robots
also allow the estimation of contact forces, the use of a
force sensor is not mandatory, thus limiting the cost and
complexity of the device.

CONTRIBUTIONS

The first contribution of this work is to extend the iTaSC
framework to allow controlled physical interaction of a robot

G. Borghesan,B. Willaert and J. De Schutter are with the De-
partment of Mechanical Engineering, K.U.Leuven, Heverlee, Belgium.
name.surname@mech.kuleuven.be

with an environment or a human operatorwithout using a
force sensor. To realize this successfully, the robot has to
be position controlled and sufficiently backdrivable, and the
velocity-controlled robot has been replaced with a simulated
one; the real and simulated robots are related by means of a
stiffness law, enforced at joint angle level.

The second contribution of this work is the formulation
of a classical (position-position) teleoperation scheme as a
case-study for the iTaSC framework and the above mentioned
extension. Furthermore, it will be shown how easily a virtual
fixture can be embedded in the control of the slave robot,
revealing the potential of the iTaSC framework.

An experimental validation has been carried over the PR2
robot, employing the arms as a teleoperation system. Three
scenarios have been tested: back drivability check, teleop-
eration, and teleoperation with a virtual fixture constraint
on the slave device. In Fig. 1 is reported the last scenario,
highlighting the positions of master and slave real robots
(m.r. and s.r.) as well as the position of the simulated one
(m.s. and s.s.), and of the virtual fixture (v.f.), that constraints
the y andz directions.
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Fig. 1. Teleoperation with virtual fixture. Free space movement (Time
< 50 s) and contact (Time> 50 s).


