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ARTICLE INFO ABSTRACT

Article history: A welding monitoring system is indispensable for ensuring high-quality weldments
Received 5 June 2018 in the vertical gas metal arc (GMA) process, and techniques for analyzing the arc
Revised 20 July 2018 characteristics by extracting welding arc lines from the welds are required. In this
Accepted 28 July 2018 study, we have developed intelligent and effective algorithms for image processing
in GMA welding based on thermal high-speed cameras. The proposed algorithms
Key”f ords: ' were verified and compared, to obtain the optimal one for each image-processing
Vem?al GMA welding step. Finally, the validity of the proposed algorithms was examined using welding
Welding arc . arc line images obtained under different welding environments. The results proved
Irrhlage. processing that the performance of the proposed algorithm was excellent in eliminating
Binarization variable noise and extracting the feature points and centerline for vertical GMA

Feature points dectction welding, and can be employed for general industrial applications.
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Table 1 The capacities of thermal high-speed (Camera model)

Technical specifications TACHYON 1024 (32x32)
VPD PbSe
Uncooled

1,024 (32x32)
130x130 Micrometer’

135 Micrometer

Sensing material

Performance at room temperature

FPA resolution

Pixel size

Pixel pitch
FPA readout method

Snapshot

UF Module &
Control Panel

Fig. 1 Experimental setup for vertical GMA welding
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Table 2 Welding parameters and their value

Parameter Welding Arc Welding
current (A) voltage (V) speed (cm/min)
Value 230 25 27
" Torch angle: 0°,
Shielding gas: 18 L/min CTWD: 15 mm

e

——Camera
jIS" Angle
00mm
200mm
Werq,
8| Torcp, CTWD
= Torch
X
15mm ____ Angle
) 152 s
Hihg-Speed
Carmera Record
[ Thermo-Graphic

15mm Camera Record

Fig. 2 A schematic diagram of welding process for extraction
of thermal image
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Fig. 3 Input and output variables of the welding experiment
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(a) 5 secs (b) 10 secs

(c) 15 secs (d) 20 secs

(f) 30 secs

(1) 45 secs
Fig. 4 Thermal image of weldment using high-speed camera

(j) 50 secs
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Fig. 5 The results of thermal image with filter processing of
noise
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Fig. 6 Verification for the noise filter used
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(a) Image by erosion filter (b) Image by dilation filter
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Fig. 7 Thermal imaging with various filters to amplify contrast
of images

(a) Threshold of 0.3500 (b) Threshold of 0.4000

-

(c) Threshold of 0.4248
(Otsu” Method)

(d) Threshold of 0.4500

Fig. 8 Comparison for binarization result with different thresholds
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Fig. 9 Verification for thermal image with various filters
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Fig. 10 Statistical comparison for image binarization with
different thresholds
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(b) Harris algorithm

(c) KLT algorithm

Fig. 13 Results for extraction of feature point by Harris and
KLT algorithm

Original Image

Pre-Processing

Image Binarization
(Otsu’ Method, 0.4248

Noise Filter
(Closing filter)

: Feature Points
g <! Algonthm

Post-Processing

Fig. 14 Flow chart of image processing procedure for thermal
image of arc light
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(a) 5 secs

(c) 15 secs

(b) 10 secs

(d) 20 secs

(e) 25 secs

(g) 35 secs

(f) 30 secs

(h) 40 secs

() 50 secs

(1) 45 secs

Fig. 15 Thermal image of weldment with image processing
procedure
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