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Fig. 1 Schematic of experiment system
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Fig. 3 Flow chart of weld center area extraction. (a) Median filtering; (b) centerline extraction of laser stripe;

(c¢) extraction of weld feature points; (d) identification of weld center area
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Fig. 4 Weld images and corresponding filtering response maps under noise of different intensities. (a) (b) Weld image

interfered by slight noise and corresponding filtering response map; (c)(d) weld image interfered by strong noise

and corresponding filtering response map
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Fig. 5 Experimental scheme of weld path identification. (a) Welding direction and actual weld path; (b) actual image of
butted weld
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Table 1 Process parameters of welding experiment

Parameter Value
Welding speed /(mmes ') 2
Welding current /A 200
Welding voltage/V 25
Wire speed /(memin ') 1.6
Wire diameter /mm 1
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Fig. 6 Butted weld path identification results. (a)—(c) KCF algorithm; (d)—(f) proposed algorithm
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Fig. 8 Quantitative comparison for butted weld path identification. (a) Comparison of identified weld paths;

(b) comparison of identification errors
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Table 2 Statistics of experimental data for butted weld

path identification unit: mm
Maxi

. Mean absolute MU g ndard

Algorithm absolute .
error deviation

error
KCF 0.065 0. 308 0.056
Proposed algorithm 0.034 0.137 0.027

3 FE AR B AR U0 a0 M 1 S T
Table 3 Statistics of experimental data for lapped weld

path identification unit: mm

Mean Maximum
. Standard
Algorithm absolute absolute .
deviation
error error
KCF 0.044 0.314 0. 044
Proposed algorithm 0.021 0.105 0.018
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Weld Path Identification Based on Kernel Correlation/Kalman Filters

Du Jianzhun, Zhang Yanxi, Wang Jingjing, Gao Xiangdong
Guangdong Provincial Welding Engineering Technology Research Center, Guangdong University of Technology,
Guangzhow, Guangdong 510006, China

Abstract

Objective Identifying and tracking weld is important for efficient automatic welding. Among the numerous sensing
methods for weld tracking, the laser vision sensing method has been widely adopted because of its high detection
precision, rich visual information and stable transmission. Arc lights, spatters and other interferences, which affect
online identification of the actual position of the weld, exist in the actual welding environment. An image processing
algorithm is used to extract and analyse the geometric features of the laser stripe and obtain the position information
of the weld center. This type of algorithm requires high imaging quality of the laser stripe image, and when the noise
is severe, causing large identification errors is easy. The kernel correlation filter target tracking algorithm can be
adopted to locate the area of the weld center in real-time during welding. However, maintaining accurate weld center
location in long-term interference of strong noises is difficult for the kernel correlation filter algorithm. To improve
the quality of automatic welding, the vision sensor must accurately identify the weld path. This paper describes a
new method for identifying weld paths based on kernel correlation/Kalman filters. Under the interference of strong
welding noises, this weld path identification method can accurately and stably locate the weld center. We hope that
our innovative approach provides the basis for the online identification of the weld path in the automatic welding.

Methods A weld path identification method based on the kernel correlation/Kalman filters algorithm is proposed.
An image processing method is adopted to automatically extract the area of the weld center before welding. During
welding, the kernel correlation filter algorithm is used to locate the weld center in real-time. To improve the anti-
interference ability of the target template of weld, the template is adaptively updated based on the response map’s
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peak sidelobe ratio. To further improve the identification accuracy of the weld path in the strong noise environment,
a state amplification method is used to establish the Kalman filtering model of the position of weld center with colored
observation noises, and the optimal position of weld center is estimated. The path identification experiments of the
butted weld and the lapped weld are conducted to verify the performance of the proposed algorithm.

Results and Discussions After comparing the images of weld before and during welding, we find that the image
before welding is less disturbed by noises, so we design an image processing method to automatically extract the area
of the weld center(Fig.3). The extracted area is then used as the target in welding, and the kernel correlation filter
algorithm is used to locate the target. The target’s position is determined by the response map’s peak position. We
compare the response maps under different noise intensities and find that the slight noise response map has a single
peak with a relatively stable main peak value. The strong noise response map, however, has multiple peaks and its
main peak value is reduced (Fig.4). To reduce the contamination of weld target template by noises, the peak-
sidelobe ratio is introduced to describe the noise intensity of the weld image, and the weld target template is updated
according to the set threshold of the peak-sidelobe ratio. Considering the weld center measurement information
contains process and observation noises, a Kalman filtering model with colored observation noises is established to
eliminate the influence of noises and obtain the best estimation of the weld center. The weld target identified using
the kernel correlation filter algorithm deviates in the path identification experiment of the butted weld owing to the
interference of strong noises, and the proposed algorithm can maintain accurate identification of the weld center
(Fig. 6). Experimental results for lapped weld path identification show that the proposed algorithm can also
accurately locate the lapped weld’ s center position (Fig.7). The identification errors of the butted weld and the
lapped weld can be controlled within 0. 137 and 0. 105 mm, respectively (Table 2, Table 3), and the method
demonstrates decent robustness.

Conclusions This paper has proposed a method to realise weld path identification. Before welding, the area of the
weld center is automatically extracted from the image of the weld. Based on the kernel correlation filter algorithm,
the area of the weld center can be located in real-time during welding. To reduce noise contamination of the weld
target template, the template is updated based on the response map’s peak sidelobe ratio. Specifically, the peak
sidelobe ratio is compared with the set threshold to determine template update. A Kalman filtering model of the
position of the weld center is established to get the optimal estimation of the weld center and the state amplification
method is adopted to process the colored observation noises. The experimental results show that the proposed method
can accurately and stably identify the center position of the butted weld and the lapped weld, and the identification
errors can be controlled within 0.137 and 0. 105 mm, respectively, meeting the requirements of identifying the weld
path with high accuracy.

Key words laser technique; image processing; weld tracking; Kalman filtering; kernel correlation filter
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