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Table 1. Feature parameters in power spectral
domain
Number Feature: parameter

1 {Largest partial power

2 {2nd partial power

3 |3rd partial power

4 |Ratio of the largest partial and total power

5 |Ratio of the 2nd and largest partial power

6 |Ratio of the 3rd and largest partial power

7 |Total power above user defined threshold level

8 |Total mean level in total frequency domain

9 |[Total variance in total frequency domain

10 |Total skewness in total frequency domain

11 |Total kurtosis in total frequency domain

12 |Number of peaks exceeding a present threshold

13 |Ratio of the power above 90% and 10%
threshold level

14 |Ratio of the power above 50% and 10%
threshold level

15 [Ratio of the power above 90% and 50%
threshold level

16 {Pulse width of largest pulse in frequency
domain

17 |Rise width of largest pulse

18 |Decay width of largest pulse

19 |Number of valley above threshold level

20 |Width of valley above threshold level

21 |Pulse energy of largest pulse

22 - |First amplitude moment of largest pulse

23 |First energy moment of largest pulse

24  |Second amplitude moment of largest pulse

25 [Second energy moment of largest pulse

26 |Rise slope of largest pulse

27 |Decay slope of largest pulse

28 |Mean of largest pulse

29 |Variance of largest pulse

30 [Skewness of largest pulse

31 [Kurtosis of largest pulse
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Fig. 1. Program modules of signal pattemn

recognition package.
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Fig. 2. Flow chart of pattern recognition package.
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Fig. 3. Geometries of artificial welding defect

speciments (28mm width).
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Fig. 4. Schematic diagram of experimental setup.
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Table 2. Feature rank in each domain using
Fisher's criterion

Domain Rank Feature parameter
@ |Total area
L ® IRatio of the area above 0% and 10%
Original time threshold level
@ |Total variance
] @ |Total skewness
Enveloped time| @ [Total area
@ |Total variance
@ |Pulse energy of largest pulse
®@ |Mean of largest pulse
Power spectral| =) IRaio of the area above 509% and 10%
threshold level
(@ |Ratio of the area above 90% and 10%
. threshold level
Autocorrelation @ |Rise slope of largest pulse
® |Decay slope of largest pulse
Amplitude @ |Total variance
Probability | @ |Energy of largest pulse
" density @ |Variance of largest pulse
@ |Largest pulse area
Dermdlﬂlatéad @ |Decay time of largest pulse
a atont @y Iyariance of largest pulse
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Table 3. Recognition rate according to the number

Total variance
[»]
o
|IlI|IIII|Iil|||||l|l|ll|lll’

of feature
Feature Disanm;nearinant %I:S?égﬁ Network
Function(%) (%) (%)
21 85 8.3 0.6
21,28 86.5 77.1 917
21,2814 M8 89.6 91.7
21,2814,7 9.8 90.6 958
21,28147,11 94.8 91.7 %B.8
AlL 86.5 8.4 896

- 536 -

o3&, dEA

0'30lll|Illlllllllllllll»llllllllI|I

T

o©
N
3]

o
A
=]

&

[=]
-
(=]

0.00 VR U S T A T T T T T T O T Y T N N TN OO OO
0.05 0.10 0.15 0.20 0.25

Total power

0.05

| TS RN TN (SO FVURS WOR N T TN U IUO oo

o
o3
S

(a) Original time

0-20lllIllll|IIIIIIIIIIIIIIIIhIIIII

Totol skewness
o
)

o
r)
TT T T T T T T 1 T T TTT
@]
*
TN T T O N Y O 00 U0 T Y DO

0.05
™
0.00 U O S TN Y TN T W A TN TN N T N TR N S |
0.02 0.07 0.12 0.17 0.22
Total power
(b) Enveloped time

0.14 TIT T T T T T I T I Ty T i T TrT T Ty I T T iTrTTTTd 1j
013 C .
3 r a -
o - ¥
B 012 - ,)’ i
o i
g’ B 4
o - * ]
% 0.10 - ﬁﬁ b

= [ ]
c " ]
o - i
2009 | g ]
- * ]
008 Fr T T T T T T T T T T T T T T T T I T 177
0.06 0.08 0.10 0.12 0.14 0.16 *

Energy of largest pulse

(c) Power spectral



UTA 387 Q148 9% Intelligence Packagesida} - - -+ - - Vol. 15, No. 4 (1995)

030 prrrrr T e e gust fgow AFe EHuse 47}
02s b ] zA99z 2 4 A B9 29EY 999 53
: - 1 W% 31 AE BT AMgs] A4 Aol oatd
qé&o.zo ? . ] APEF7 H$ 865%, FEH Bayesian 77
P o1s b 4 1 o A% 4%, AFA2F EFE JEHae
2ok 1 A% 896% 2 2 Aol QAW A3 2R 7
: / 1 3 %99 oz ugyd ,
008 ] olf g Mo HHe Bl 7 JYu=
oo Bl b ] A4S 2907 B2 24 BF aswe ALgskd
0.00 0.05 0.10 0.15 Q.20 0.25 0.30 B
Peak position Z 9494 HAH ¢4 I8 Yehlle 53-5F
(d) Autocorrelation =®E Fig. 5 o AABY ¥yt o ARE B
, W 3o BT PX AHE B & gon F3
024 rTTTTTT e 4 49 AlYsnE ARE, a3, 24
5 020 1 was, wEE A7) 48 ¥5 SAME H-100%
2 ors b - o ANEL A & AU
é’.: 0.12 | E —_—
i 0.08 | O E >
8 oo | 0 ] g3 45 B4 94 ANAE Agsn o
5 oo b ek e o 1 2 olesiel A7 ARl U BF ATE AN
N T T Atk o] A7 ANME Az FA A4E 9% §A
000 005 010 015 020 g AsA, EANS 7%, SRS Ha 5§
Total variance _
7 AR B9 HEL FHs AYY & gow,
{e) Amplitude density Ay -E/7], 283 Bayesian ¥£F77] AAFH=%
818, [T T T T T 2E78 @ zARL oF Aoy 45e &3
ors E 1 2¥ez R 4¥xoR 92 2&% ¥R A
& F 1 &3l via FE sac
SR / X olEF AAHY Az B AR B A7
oz 1 4 dew A%a 2% 274 483 29 Ge3
Zowf g Ze Age A
zooaf— @ﬁf . D UF A BF EANAN AB2Y ER771Y
Sl & ] Fezdde B9l & 5& HAs WA o
o F FAHE A9 BAY FHAX 2F716 Hato]
0.04 006 008 010 012 0.14 016 0.18 AR3 =Y BF7I7F A48 dAA 83
Largest pulse area 2) Aol ALS$E ABAF BF FANA TIA
(f) Demodulated autocorrelation B89 WAy dx Bi 5L 77 24
o] 100% el JFssid, Hel AdEY =4
Fig. 5. Feature-feature plot in each' domain in Heg A A AY EF79 AEA
classification of artificial defects. Bayesian ¥F71A AAZL £ B WHFEE
(O : Notch depth 14mm * : Notch depth 0.7mm AREEtA e ANES 4E 5 YU =F
M : Hole dia. 15mm) 274e) B4 M5 e AgE A 48 257

- 537 -



H] 53]  AL8} 3} A)

Sdxe 4383 A7) @ @494, Bayesian
CERVIAE 49y, 254 99, IAF B §
FolA 100% 9 AHES AN

L ¥ |

£ d7E FTHLFAY 1909E AY Ae
Az A7H AUk ot SRR oo
A =g,

an 28

1) M. G. Silk and B. H. Lidington "Defect Sizing
Using an Ultrasonic Time Delay Approach,
"British J. of NDT, Vol. 17, (1975), pp. 33-37.

2) S. Serabian "Ultrasonic Size Determinations of
Inclined Flaws-Use of Response Envelope
Width”, British J. of NDT, Vol 23, No. 9,
(1981), pp. 281-285.

3 B. H. Lidirgton M. G. Silk, G. Montgomery
and G. Hammond, "Ultrasonic Measurements of
the Depth of Fatigue Cracks”, British J of
NDT, Vol. 18, No. 10, (1976), pp. 165-170.

4) S. I Ibrahim P. A. Kapranos, and V. N.
Whittaker, “Ultrasonic Inspection of Fatigue
Cracks in the HAZ of Austenitic Weldments,
Using Shear Ware Probes”, J. British of NDT
Vol. 24, No. 3, (1982), pp. 65-74.

5) Handbook on the Ultrasonic Examination of
Austenitic Welds. Document IIS/ITW-836-85,
Commission V of the International Insititute of
Welding, the American Welding Society, (1986).

6) W. Wang, S. L Rolchin, J. C. Lippold and L.
Adier, "Relationship  between  Ultrasonic
Measurement and Microstructural Characteristics
of Type 308 Stainless Steel Welds”, Materials
Evaluation, Vol. 47, No. 12, (1989), pp. 1388-1395.

7) MJP Musgrare, Proc of the Royal Soc of
London, Sec A, 226, (1964), pp. 339-356.

8 J. L Rose, and G. P. Singh, "A Pattern

o)%g, AEA

Recognition Reflector Classification Feasibility
Study in the Ultrasonic Inspection of Stainless
Steel Pipe Welds”, British J. NDT, Vol. 22,
(1979), pp. 308-311.

9 J. L. Rose, Y. H. Jeong, E. Alloway and C. T.
Cooper, “A  Methodology for Reflector
Classification Analysis in Complex Geometric
Welded Structures”, Materials Evaluation, Vol.
42, No. 1, (1984), pp. 98-106.

10) J. L. Rose, "Elements of a Feature-based
Ultrasonic = Inspection System”, Materials
Evaluation, Vol. 42, No. 2, (1984), pp. 210-218.

11) J. L. Rose, and J]. Nestlerothroth, "Flaw
Classification in Welded Plates Employing a
Multidimensional =~ Feature-based  Decision
Process”, Materials Evaluation, Vol. 42, No. 3,
(1984), pp. 433-438.

12) P. Kalyanasundaram, B. Raj and T. Jayakumar,
"Reliability of Detection of Small Defects in
Noisy Weldments by Signal Processing and
Pattern Recognition Techniques”, Int. J. Pres.
Ves. & Piping, Vol. 36, (1989), pp. 103-109.

13) P. Kalyanasundaram, B. Rajagopalan, and
DGR. Jsharma, "High Sensitivity Detection
and Classification of Defects in Austenitic
Weldments using Cluster Analysis and
Pattern recognition”, British J. NDT, Vol. 33,
No. 6, (1991), pp. 290-297.

14) Tan. Jiefu, Tan. Wenxin, Dong. Xiaoda,
"Application of Artificial Neural Network in
Intelligent  Ultrasonic  Flaw=  Detector”
Proceedings of International Symposium on
NDT and  Stress-Strain  Measurement,
FENDT'92, (1992), pp. 325-330.

15) C. G. Windsor, F. Anselme, L. Capineri and
J. P. Mason, "The Classification of Weld
Defects from Ultrasonic Image : A Neural
Network Approach”, British J NDT, Vol. 35,
No. 1, (1993), pp. 15-22.



Journal of the Korean Society for Nondestructive Testing Vol. 15, No. 4 (19%)

Intelligence Package Development for UT Signal
Pattern Recognition and Application to Classification
of Defects in Austenitic Stainless Steel Weld

Kang Yong Lee", Joon Seob Kim"™ "

*  Department of Mechanical Engineering, Yonsei University
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Abstract  The research for the classification of the artificial defects in welding parts is performed using
the pattern recognition technology of ultrasonic signal. The signal pattern recognition package including
the user defined function is developed to perform the digital signal processing, feature extraction, feature
selection and classifier selection. The neural network classifier and the statistical classifiers such as the
linear discriminant function classifier and the empirical Bayesian classifier are compared and discussed.
The pattern recognition technique is applied to the classification of artificial defects such as notchs and a
hole. If appropriately learned, the neural network classifier is concluded to be better than the statistical
classifiers in the classification of the artificial defects.
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