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A Study on the Extraction of Feature Variables
for the Pattern Recognition of Welding Flaws

Jae Yeol Kim', Byung Ok Roh”, Sin You™, Chang Hyun Kim"™", Myung Soo Ko™

ABSTRACT

In this study, the natural flaws in welding parts are classified using the signal pattern classification method.
The storage digital oscilloscope including FFT function and enveloped waveform generator is used and the signal
pattern recognition procedure is made up the digital signal processing, feature extraction, feature selection and
classifier design. It is composed with and discussed using the distance classifier that is based on euclidean distance
the empirical Bayesian classifier. Feature extraction is performed using the class-mean scatter criteria.

The signal pattern classification method is applied to the signal pattern recognition of natural flaws.

Key Words : Non Destructive Test (H] 3}3) 7 A1), Ultrasonic Inspection (53 ©-4), Welding Flaw (2343,
Feature Variables Extraction (57 ¥4~ &), Pattern Recognition (374%12])
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Table 1 Geometrical configuration of natural flaws
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Method Type (Specimen No)| [ mm ] [Datum{ mm ]
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Joint K Lack of
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Joint Groove Crack (94)
Toe Crack (93) 5 45
Root
Crack (92) % i
3.2 AEEA
B Agel g 285 53 R 24P
x‘];(."x-lo] }\]/\Eﬂ —;L/\-lo Flgl-‘*]‘ QE} %» 1‘3:}-%
ZH5Z 10x10 A70)v= FZF-3}4 SMHz9 17 =E
A7 gEAA Eoed 479 ZdEE 70
g AgEon, 253 Bdvle F4A79
SMBODE AM&3I3ITE Ao 25 E WAtE 2%

o A2 & HEs1, dolE 5] Heg 733}
7] 18l A AL&%F ABlE LeCroyAh] dual 500MHz
digital oscilloscopeZA] dolEH 9] AEH FHL
100MS/s2 A real timedl] 717h¢ ILE3dFe|th &
g gAY 42233 A WFE T57F
Z, FFT B85 AL&3te] Fapg o ol A
L3} Nze] B4o] shedti, g R3S A
& 4 e F27F WAgEe] deH, P ¥4 &
g "ol wde] A o] JhEstt.

ot I
do o P

fe

. AEAR 3 sy
41 AEYAe ERH

106

]

PC & Monitor

500MHz Digital | Oscilloscope

Ultrasonic Flaw Detecter

]

Printer

Welding Specimen & Probe
Fig. 1 Signal acquisition and processing system
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Fig. 2 Feature variables on porosity (90 : Volumetric flaw )
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Table 2 Feature Variables in each domain
Weldin Rise Rise Fall Fall Pulse |Band- | Center
Flawg Time Sfope Time Slope [Duration| width {Frequency
[1sec]i[mV/usec] | [usec] [{mV/usecl| [usec] | (MH2] [ [MHz]
Porosity
Inclusion {30) 0.375] 0.504 0.495 0725 0.773 | 0.660 0.800
Porosity lo570| 0522 |o04so| -0822 | o710 |oeo0| oso0
Inctusion (88)
Slag
} 0.8375| D0.483 0.468 | -0.667 0.748 | 0.720 0.800
Inclusion (89)
Slag
i 0.350 0.437 0.458 } -0.623 0.740 | 0.740 0.800
Inclusion (85)
Lack of
) 0.658 0.196 0.475{ -0.512 0.928 } 0.500 0.400
Penetration (86)
Lack of
0.430 1 0.302 0588 -0414 0.89% | 0.420 0.400
Fuslon (91)
Side Crack (91}{0.51C{ 0.302 0,595 -0.503 1.07 | 0.360 0.400
Center
0.550 5 5 -0 . R .
Crack (94) & 0.273 0.505 0.5% 0.970 | 0.380 0.400
Toe Crack (93){0.510 0.235 0.658 | -0.434 1.033 | 0.340 0.400
Root Crack(92)| 0.525 0.269 0.560 | -0.534 0.965 | 0.420 0.400
Table 3 Result of classification
Feature Intra Class | trter Class Rank Classification Rank
Variables Distance Distance Value Rate
Rise Time
/ 0.075702 0.005524 0.072970 0.927033 2
Rise Stope
Rise Time
/ 0.082627 0.008343 0.100972 0.899028 4
Pulse Duration
Rise Time
/ 0.135193 0.008742 0.064663 0.935334 1
Bandwidth
Fall Time
/ 0.067435 0.016015 0.237488 0.7625t4 )
Fall Slope
Falt Time
/ 0.072455 0.011228 0.154965 0.845029 5
Puse Duration
Fall Time
/ Q125021 0.01t628 0.033008 0.906993 3
Bandwidth




(d) Rise

time / Bandwidth

(e) Fall time / Pulse duration

Fig. 4 Cluster plot of feature variables

Table 4 Result of recognition
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Feature Volumetric Flaw Planar Flaw
Variable [ Position | Position | Standard [Classification| Position | Position | Standard |Classification
X Y Deviation X Y Deviation Value
Rise Time | 0.3675 | 0.4865 0.0179 0,1158 06,5138 | 0,2628 0.0465 0,0872
. Center Position X [ Center Position ¥ I Average Center Distance
Rise Slope 0.4407 (UELLK 01336
Rise Time | 10,3575 | 0,7428 | 0.0104 ] 0.1280 ] 8.5138 ] 0.9777 ] 0.0406 | 0.0978
Pulse Center Position X Center Position Y | Average Center Distance
Duration 0,4407 0.8602 0,1384
Rice Time | 0.3675 | 0.7300 | 0.0210 | 01580 [ 05138 [ 04033 [ 00472 | C.1378
. Center Position X Center Position Y ] Average Center Distance
Bandwidth 0,4407 05667 0,1790
Fall Tme | 04678 ] 07105 | 0.0271. | 0.0890 [ 0.5635 | 04388 | 00336 [ 0.0825
Center Position X Center Paosition Y | Average Center Distance
Fall Slope 05158 05047 0.1162
Fal Tme | 0.4678 | 0.7428 | 00128 | 0.1144 | 0.5635 | 09777 | 0.0338 | 00931
Pilse -Center Position X Center Position Y Average Center Distance
Duration 0.5156 0.8602 0.1268
Fall Time |_0:4678 [ 07300 | 0.0220 ] 0.74B2 | 05635 | 0.4033 | 0.0414 [ 10.1288
Center Position X Center Position ¥ Average Center Distance
Bandwidth 05156 0,5667 0.1702
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