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Fig. 1 The design procedure in supervised pattern recognition



380 4

é"é%} “11 e zH02F AREH
g3 B0 5949 F Rt ARFF
He 539 Z2FEFNY BLAEE dvis,
TEF Al A He e /REEZ I} AL F
dew, BT SRAL 59 52 vaiA £
A9 22 Eole AF BATL e, FBATE
A% AL AR,

zAdE

gbef d-2HUE e EANF = {0, 6 G2 A
g, LFEE x4 (1)Z FAET

e='[[l—maxP(wi|§)]p(§)d§ ...................... (1)
g7)elA &= Al (EA & TAEE 5HYE
oln, &

358 T R ) L — 2)

Pw, | & iAA AT A AAZEE0H, p(H)T
2] (3) ez FoE e Lot}

p(g)zip(glwi)p(wi) ...................................... (3)
i=1

A7lelM Pw)E A WES ApdgEolt)
Pw, | ¥ 1A M3 ZARSFVEIS pE|w,)
4 (4)9) BAE A1 Yk,

p& | w)Pw;)

P(w; | &= P

(f) ........................... (4)
A 5JL 4 (DR Fdd L7HE o= A
e SR o2 egto] BEFE Z2HTER Y0l ¥
st
F g 4% EAE s $AF T
7V dEAQY A=t Pearsond 4#AFAE(T),
ol 2 (5)ql oJal e

S -X)(-7)
y = Sl —— 5

[Z"I(Xi -RP Y0 —?)2}

7oA}, n& HRE FE X YV, E F 7 Az gE
R x,v9 idA BT, X, v, 2L FEYX .Y
o Ba@gE Jehdn, o] WAL r& F Y
BA AZBAJMAE S35t J==2A rol Adgt
ol 16 7I7t$E F WSAlelg) Az Bl WS &
&2 ovlith

metA Q13E Sold Aed LFEE eflo] B2
A A6 oE 37 re] Auigte] FL 54
9n|apy] Wi, Mol ek rtS HFLRE
VAR SRS A Wie 3ol & &
b=

2.3. 2% (Classification)

54 233 549 A9nye Satl WP §Hol
2R o] 54 o) §3le] 2 TR S 7Y AFe
1 WYL WFE BRE S Y B st
d, olw $HVIe A% R £F 9nABE A4S
@tk Ag7iA Adslel @A 9e Aesin e ¥
771 3 HEAY 25 Sl el s Felsta
thew 2ot

2.3.1. K-Nearest Neighbor (KNN) £771

KNN £77]9 % ganeFe "534 38 9
| 27 g4 BE(X) F9 713 717tel sl KA

g B2 S /MR B s/ S Y BFE R U
4 2P XE ERIY e 28 Qv o] 7 ¢

R EL U E ARHI7 AT, B4 FHANA 7t
B3 Feel A 2% &9 (decision surface)
£ 71 4 glol BEAEA o) LH B AUTHB).

2.3.2. Bayesian 57

Bayesian 2871 g 2§ Al 844 2 Wi
9l Bayes 2% |29 712§ Fx ot o] WS 2
E oAt 2% FA7L el APEES AT o A
s EE & oz 7 EH, 23 A A 2
83 FEH WL S0 A UAY F& &F B2
2Re 40| 7/ed o F= AL5x Ut AA A
A BRARPNY EFA F3FHe2 BAE #AH
AL QEF & dAHE &8 &, 7d £40
. wEhd, o)|A% & $AF Bayes 2% H3e

P



v 9 A eEA) A 19 A A 5 E (1999 109) 381

2F dmelEe ued ol B £ U & "5
e £2 Zhe AY RO U9 R, %) E AL2 3
EWUF w R EE BRI F A7A R [HE
Z45 fdolgtn 2, ole vh 2o Add
=3

R(o; |§)=2 (05 | O P(E| wy) woovemeeeersrseens (6)

j=1
AQ7llA e« (i=1, 2, 3. ..., a)E a9 FF

(action)& Wepi®], X(a |H= HF w, A AIFE
Lol didf ¢, o FE5S ANS o A== &4l
Bayesian 2% gxel & 48 71K dw £7 24
E tFed U0, AAR 23S R A udse B
718t @ 4 Aok 23, o] Bayes #R71E A48
shetl olA 71 & BARE AF BE Pv, |5
Agdlop ated], olE A Hed yErd 2R
BE U G5 pE|w)E Dolo} ). FERBO
2E p¢lw)E FH3= Y= o2 A7 e
v 1 el 71 de] AMH = Aol Parzen win-
dow 7IR(9,10)02A, Foizl 7i7fel sty B
& £33 H42AE& 2= window (72 Gaussian
X F4E AMHE o83l A& BXE Zs
g 2= ¥5E WER, AHe g gPozHE
78 AE 2 FFE g3t HEAA gERE g5
g F23ts wiolth. & A HF w, ol &3k nill
o) AR @A nMe] B HE £ (=1, 2, ...,
n)7F dvkm & o g-2rY Fde] gl A EelA
Parzen window 7|l o8l FH& & = 23
B8 2= FF p|w)E T3 #o] Foizit),

11 16-8)¢E-8)
pElw)= ngmo exp [— 5 - J M

A7|M o & GFRECZREH p|w)E FHE
ozt g B2 MAHQ FaxE 2Hste ATE
A ogte ZAA R ke SRR TS AE
A 1, ogtd 2A 8 B TR HaH
Q AT Z=x3HA @t

2.3.3. AAs2F /71

ABH2Fe Azke) Mo 729 AERAE 2P

& 4 dvhe A9 @, qEE S 53 a3t A4
< W & o, B g FEAA AR £
Q&R W2 A2 S dutstale g AES #
FHoZ AT E S5% A4 W Ed 19809 ¥
wRE o 8ol 43 Fuketa . 204 71x)9)
A7 Fz2g F2 F 7 gl AEHE R back
propagation neural networks(BPNN)(9]o|t}.
BPNNE& 71¢l 47 3z7e E4E5 2 vehin
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Fig. 2 Probabilistic neural network architecture
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(enhanced classification table classifier),
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2 e AEAHEE of AEUY AR F UARE
sttt a2la A% AlRHS AF2 ojFAIFIEA A
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=
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WA 29 2% B E 93 5L 2230 9
A AFHF 230712} 2 A5 dataclA Table 14

Table 1 Features extracted from PMT output
signals for classification

@ +Al : Channel 19) Maximum Positive Amplitude
® -Al : Channel 18] Maximum Negative Amplitude
® +A2 : Channel 29 Maximum Positive Amplitude
@ -A2 : Channel 29 Maximum Negative Amplitude
® +A Ra : +A1/+A2

® -A_Ra : -Al/-A2

@ Surf : 2§03

Ratio : 2%9] doji} £ v)

® Dir : 2% %%

@ Bit Mask : H/W stetrleld] o8} 23] H2d

Signal Path Bit

£ BF &390, a2v F2d 54

oJd £AEL datagte] Aol F3] g4 &
dataBe] 717 2 =e] Datadl A4 &4
& = 5719 A (+A1,-Al,+A2,-A2, area)Tt
AEEF LUt o1FA FE2E 230749
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aled

it

o,

Jm

to 1 W om L

% BN AFF ek o] YAYHS EWAY ¥
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CTs ECTE zbeks] Awetdl thew g,

4.3.1. ¥FF% £771(Classification Table Clas-
sifier: CT)

@A 245 SDD7F 2FEFE A& At 3l
= Ao EN EFEE BE T/HY A g 54
el 22X ¥ e 7 4% FREE g dysee
EE P, ERE Q3 BF3 oJd 2F(X)o| A
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& E°] ¥F Aol Wal 53 F 9 £XEA @kl
o, B, 2 Folx 9w A& A5 Xl s og3 2
& Y3 & o] &3l AF BFHE AT

(descriptor entries

IF((oq <X, £ B) AND (o, £ X, £ B,) AND

AND(0, < Xa < B.)) THEN

Classify X Class A

ol Y2 A 837 e d¥ THE SHY #
XY %% o 9 B & g Aok At ol #
< Ads 437 M e g RRO2RE BE

THE 5% Xl dig 43 £40] Ha
sich. ef o] FFol FAe R o) RAGW -
B2 AHF AZko] 28E W ol REY #E
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4.3.2. 23 #75% ¥771(Enhanced Classifica-
tion Table Classifier: ECT)

Yol A AFE BRI 2RV e 4 X)ez
5E $23 54 X, o ds) [F~THEN ¥ =32
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At} olE g G S Hokslr] e A3 B
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If W, is the Maximum of W, (j = 1,m)
Then Classify X Class K

of Z3 RHE BRI 94 WY FHE 544
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4.3.3. N33 2T g
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to Mz Hu
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(a) o =0.001

) 6=0.1

Fig. 3 Correct classification rates of classifiers

5.1. =54 Z& M= H
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5.3.2. PNN9] g

44 2] FRE TEF MG U E TES

Stainless Steel

/ Cladding

3, o|E 98 A FFHEEL FPs 4 FGEE
A 14719 EAES FE5AT). wakr ol & Al
g fds7) dsl, gz 14709 ==, AH3d
120748} =, 283 §A5T 283 27 2709
x=g Zh= PNNS 733 aelz 120709 &
FFEE o83t PNNU 715A8 2445t g5
< gasit,

= 54 BERA4sEY
A% 5 452 Hriehr] g8, 119709 AdE8R
o ) £ o] 43t} PNN, CT, ECTe A 7IX 25718 %
Side view of the specimen
& 2% £7FF A
Soequen | Spegimen | Taw | Divtagce from [Distance T80 [ paw s
Crack 34.544 9.652 19.05
Crack 113.538 67.056 38.1
Crack 192.532 134.112 19.05
I 875%274 Crack 293.878 20.32 88.9
Crack 406.654 33.528 38.1
Crack 519.938 134.112 88.9
Crack 728.472 134.112 88.9
Crack 82.55 33.528 38.1
Crack 208.534 21.59 88.9
Crack 311.912 136.906 19.05
Crack 378.46 136.652 19.05
I 870234 Crack 456.692 68.351 38.1
Crack 619.252 135.178 88.9
Crack 757.482 66.294 38.1
Crack 819.658 34.417 38.1
Porosity 150 125 22
Porosity 350 125 11
Porosity 550 125 5.5
Porosity 150 30 22
Porosity 350 30 11
Porosity 550 30 5.5
= 1500100 Slag Inclusion 150 125 22
Slag Inclusion 350 125 11
Slag Inclusion 550 125 5.5
Slag Inclusion 150 30 22
Slag Inclusion 350 30 11
Slag Inclusion 550 30 5.5

Fig. 4

The specimen including welding defects
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Table 2 Features extracted from ultrasonic flaw signals

Domain No Feature Remark
F1 number of signal groups # of groups
F2 pulse duration of the 1lst group signal
F3 interval between the Ist and the 2nd groups
F4 pulse duration of the 2nd group signal

Time F5 | interval between the 2nd and the 3rd groups pulse duration
F6 | pulse duration of the 3rd group signal or energy
F7 energy of the 1st group signal
F8 energy of the 2st group signal
F9 energy of the 3st group signal
F10 | antisymmetry of signal diffracted wave
F11 | number of maxima in the magnitude spectrum
Frequency F12 | number of minima. ir-x the? magnitude .spectrum spectral

F13 | number of deep minima in the magnitude spectrum properties
F14 | number of shallow minima in the magnigude spectrum
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W3H0.025 8 0.374A1 0.02 Aoz F7HAR) ¢
mE z} ER71E B A8k HEE UeidY
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< PNN°| 3 &3} A9 93-S A2l B4 o= o5
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€ obF 7] & 2¥= Al vHS 2E
g E7719E LaFe Aeld

A BB A 2T BAZEY RS G

o H=
=< EF

=
©

100
I N ] 80 |
b e, PSS
60 | - N 60 .
o o m— ) or
ST R e . ---:;_\
2 / \\ *»_\\. 20 \\\\'/_/ ]
\\ N
/
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0 . . X . . , 0 L . . .
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(a) crack (b) non-crack

Fig. 5 Correct classification rates of classifiers
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CT¢ ECTE Adidez ve 87 AFxE Jehi
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Fig. 8 Summary of correct classification rates of
classifiers
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Fig. 7 Parameters in the simulation of eddy
current testing for a defect at the outer
diameter of the tube

o] Z)nte] He FEE Fo] 7 A5 HE-E0]
Zasith. FU3 FAHY Z2aPoaRE ol
FEES THSAG. ol AN mdofA ALgg
Inconel 600 #¢] A7) B2l g A8E 3
28t Fig. 7= &},

Table 3o Yebd RAAE, 2] T7HE ol b
2 271 (I /VAR), A mhe} 2782 (B /2
o)) F /AR FESR, Z HEd] £3 A9 2
7HEH HoDE FatA B 3,z Aol o
3 A FHE Fo+E 2712 (100kHz / 400kHz) 2
A3AA 7P 13 2l gaM e & 2000, VE
Ao dsixEe & 16709 2F03 8 WA s

Table 3 The number of simulated eddy current
flaw signals and their conditions in

simulation
g;%vg T:,e numb(:lr of levefls nun’}[‘gleer o
signals

I-Out 5 10 2 100
I-In 5 10 2 100
V-Out 5 10 2 100
V-In 5 10 2 100
Total - - - 400

*f=frequency (100kHz, 400kHz) *d=flaw depth (0.1, 0.2,
0.3, ...,1.0mm (for I type), 0.5, 1.0mm) *w=flaw width

0.2, 04 ..1.0mm)
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Table 4 Features extracted from axisymmtric flaws

Feature

maximum reactance point of the signal

F 1. Maximum resistance in the upper half plane

F 2. Phase angle at the point of maximum resistance in the upper half plane

F 3. Maximum reactance in the upper half plane

F 4. Phase angle at the point of maximum reactance in the upper half plane

F 5. Maximum impedance in the upper half plane

F 6. Phase angle at the point of maximum impedance in the upper half plane

F 7. Phase angle at the starting point of the signal

F 8. Phase angle at the ending point of the signal

F 9. Turning phase angle at the point of maximum impedance of the signal

F10. The length up to the maximum reactance point of the signal / The length from the

F11. Total length of the signal / Magnitude of the impedance at the maximum reactance point

6.2. AT HH UZ &EF x5

o2 FEgdd a2 437 AdE Aoz

Az
%E Table 4o e 1170e] 5ASL FZae
Y, 7 5744 @ Bl Fig. 8l el o5
4304 GAR 4¥ $7 WAL F5, FT, FY,
F10, F11 &3 574 AM&-3t% ).

Q0URJOeIY

Resistance

Fig. 8 Definition of features extracted from an
eddy current flaw signal in the impedance
plane
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Table 5 Result of classification by PNN

ﬁxgtﬁggtl Classified defect type by PNN
type | IF'Out | I-In | V-Out| V-In | Total
I-Out 24 0 1 0 25
I-In 0 17 0 8 25
V-Out 0 0 25 0 25
V-In 0 0 0 25 25
Total 24 17 26 33 25
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