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1 Introduction

Planning of time-optimal trajectories for robots is an old
problem that is still relevant today. In many applications,
among which manufacturing, the robot is operating most
cost effectively when tasks are completed in minimum time.
Let us consider the class of tasks that can be described by
tracking a geometric curve as fast as possible, given a set of
bounds on states and inputs. The works of [1, 2], and more
recently [3], presented constructive methods to find trajec-
tories that exactly track a path in the configuration space
of a robot manipulator time optimally. In an offline opti-
mization phase reference trajectories are generated, which
are subsequently fed to the online tracking controllers for
the joint positions and velocities; traditionally cascaded PID
controllers.

The advantage of separating the optimization from refer-
ence tracking is that the burden of computing optimal tra-
jectories is entirely offline. This greatly relaxes the perfor-
mance requirements on the computational hardware on the
robot itself. However, it also implies that trajectories can-
not be updated during the execution of the reference track-
ing phase. With current computational hardware and avail-
able embedded optimization algorithms, the reference track-
ing controllers can in principle be replaced with or aug-
mented by online optimization algorithms. If such optimiza-
tions are executed periodically in a receding horizon manner
one obtains a so-called Economic Nonlinear Model Predic-
tive Control (E-NMPC) scheme [4]. The application of E-
NMPC increases the flexibility of the control task: during
operation, it can deal with temporary changes in the environ-
ment and modifications in parts of the reference path yet to
traverse. Also, due to the online optimization, the economic
performance objective can be taken into account while at-
tenuating disturbances and to, for instance, exploit tolerance
bounds for increased performance [5].

2 Main result

In line with recent developments in fast embedded optimiza-
tion software, this talk presents results from the application
of minimum-time predictive path following to an experi-
mental setup. Considered is an ABB IRB120, a six degree

of freedom robot arm, controlled at 250Hz using a Linux
workstation on a real-time kernel. The problem formulation
is based on [6] and takes two ingredients: a geometric curve
defined in the workspace of the robot manipulator, and a
tolerance bound with respect to the path. A finite horizon
optimal control problem (OCP) results, in which we wish to
optimize for minimum motion time along the curve, while
staying inside the tolerance bound, and respecting bounds
on states and inputs. This OCP is discretized using a di-
rect multiple stooting method to obtain a nonlinear program
(NLP), which is to be solved in every sampling interval.

Due to the economic nature of the objective, the im-
plemented sequential quadratic programming approach re-
quires second order sensitivities to obtain a good local
quadratic model of the NLP. This is essential to obtain fast
convergence behavior, but it also greatly increases the com-
putational complexity. Approaches to mitigate the added
computational burden in application to the case study, such
as employing inexact sensitivities [7], are investigated. The
results demonstrate that economic NMPC is a viable ap-
proach for the control of fast mechatronic systems.
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