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Introduction
The accuracy requirements of laser welding put high de-
mands on the manipulator that is used. Accuracies in the
order of 0.1 mm have to be reached at velocities up to 250
mm/s. This is only feasible by industrial robots if sensors
measuring close to the laser spot are used. To use the sen-
sor measurements while the robot is moving, it is essential
that they are synchronized with the robot motion.

System description
The robotic laser welding setup (Figure 1) is equipped with
a seam-tracking sensor based on optical triangulation that
measures some distance in front of the laser spot. A new
control architecture called trajectory based control is used.
It is suitable for the following procedures:

• Teaching of an approximately known seam trajectory
• Teaching of an unknown seam trajectory
• Real-time tracking of an approximately known seam

trajectory
• Real-time tracking of an unknown seam trajectory
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Figure 1 : Laser welding robot with coordinate frames

The trajectory based control approach makes use of a real-
time trajectory generator. Robot joint setpoints are calcu-
lated on-the-fly, enabling the possibility to add new loca-
tions during the robot motion.

Synchronization procedure
A description of the synchronization procedure is found in
figure 2. If a new robot joint measurement is available, an
UDP packet is sent to the seam-tracking sensor which trig-
gers the acquisition of a single image. If the sensor has
finished processing, the sensor data is sent back to the ro-
bot controller. Because the ethernet delays are small, the
time delay ∆T is fixed, but yet to be determined.
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Figure 2 : Synchronization procedure

Results
To measure the time delay, the sensor is moved perpen-
dicular to a straight seam using a sine-motion at 1 Hertz.
The sensor measurements and robot joints are recorded
simultaneously. Using a cross-correlation method, the time
delay is found to be 3.4 ms.
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Figure 3 : Measurement of the time delay

The jitter of the used synchronization procedure is about
0.5 ms, which allows the accurate measurement of seam
trajectories at full welding speed (250 mm/s) up to seam
curvatures of 1 mm.

Future Research
• Implementation of different seam-teaching algorithms

for automatic teaching of the seam trajectory
• Implementation of real-time seam-tracking algorithms

that correct the seam trajectory during laser welding
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