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1 Introduction

The laser welding process puts high demands on the ma-
nipulator that moves the laser beam over the materials to
be joined. Typically an accuracy of 0.1 mm is required at
speeds beyond 100 mm/s. The accuracy of industrial robots
with conventional controllers is insufficient for laser weld-
ing. The goal of this research is to improve the tracking ac-
curacy at the tip of an industrial robot by adding an iterative
learning controller to the standard industrial controller.

2 Procedure

Iterative Learning Control (ILC) is used to adapt the ref-
erence trajectory for the feedback controller of the Stäubli
RX90 robot such that the tracking error at the tip of the robot
is reduced. The tracking error at the tip is measured with the
Falldorf seam tracking sensor (Figure 1).
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Figure 1: Seam tracking sensor based on optical triangulation

The configuration dependent robot dynamics can be approx-
imated by linear time-varying dynamics if the robot moves
close to a predefined trajectory. The tracking error is de-
noted e0

n for the nominal referencer0
n, where subscriptn

refers to the time index. The closed-loop dynamics of the
robot for a referencern close to the nominal reference are
modelled with time-varying state space equations

xn+1 = Anxn +Bn(rn − r0
n) (1a)

en = Cnxn + e0
n. (1b)

An ILC algorithm is developed such that the reference in
trial k +1 minimises
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for the system of equation 1. MatricesV andW are weight-
ing matrices. Computing the reference for trialk + 1 in-
volves solving a non-stationary Riccati difference equation
and computing two convolutions backward in time and one
forward in time. The algorithm is an extension for LTV sys-
tems of algorithms presented by Lewis [1] and Dijkstra [2].

3 Results

The ILC algorithm is tested for the trajectory shown in fig-
ure 2. A low-pass robustness filter has been added to the
learning controller since the available robot model does not
model the dynamics of the robot correctly at its eigenfre-
quencies. The tracking errors in trial 0, 1 and 3, measured
with the seam tracking sensor, are shown in figure 2.
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Figure 2: Tracking error perpendicular to weld seam

Only high frequency vibrations are left after 3 trials. Reduc-
ing these vibrations requires either smooth trajectory gener-
ation or improving the model quality for higher frequencies.
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