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Application of Kalman filter with colored noises to the experiment of
seam tracking
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Abstract: Accurately controlling the laser beam to follow the welding path is the prerequisite for successful laser
welding quality. During laser butt-joint welding of Type 304 austenitic stainless steel plate with a high power continuous
wave fiber laser, an approach is investigated to estimate the seam offset between the laser beam and the weld by using
the Kalman filter(KF) optimal state estimation in the presence of colored noises. An infrared sensitive high-speed video
camera is used to capture the dynamic images of molten pools. The weld position parameters from a molten pool thermal
image are extracted as a state eigenvector which includes the current weld position, the variation of weld position and the
weld position at previous sampling time. The state-equation based on the weld position parameters, and the measurement-
equation for the weld position are established. Considering that the system dynamic noises were colored noises, we develop
a KF with colored noises by augmenting the state variables. Therefore, the optimal prediction of the seam offset can be
obtained through the optimal state estimation of weld position under the least squares condition. Also, this KF is applied
to reduce the error of weld position detection caused by the dynamic noise and the measurement noise; thus, the seam
offset between the laser beam and the weld is estimated accurately. Actual welding experiments demonstrate that the seam
tracking accuracy can be promoted and the disturbance influence from the colored noises can be reduced by using the
Kalman filter with variable augmentation.
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Table 1 Welding experimental conditions
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Fig. 1 Weldment and molten pool images of high-power

fiber laser welding
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Fig. 2 Measuring and actual value of seam offset
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Fig. 3 Schematic of Kalman filtering estimation algorithms
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Fig. 4 Comparison of true value, measurement value and

filtering value of seam offset
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