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SAol & ol 4% YW $UY 283 AL B BF

4ART, AaYe, 9g7)*
» FEARNY AT A
o ARG AT o}

2 o dAHEH: ¢4EE7] R uj@e BE $HFE EHetm o ST AFE A7), AA R 3
Bol wal e8] 2 ujEe] AHA Avtd TS vt v F2 4HEVI9 vide] SR W
Me 7t A - F HAAA 2SRBEAES AAs O AAAEE Bl o 25% 2 A32YE
2% EF= g gGrlel Qo] Wi FR3AH 283 G A Pl HPs & =RddMe e &
HE7] T WAste AFeztE doj3 255 FF Uxe I3 dHL AT FAEA dely £3,
54 3%, 54 49 2 4% £FE stden, 28 ER7d o 2 FFE A Ad¥(linean @ AH
(volumetric)®] ¥ F/F=2 EFT Slo] HAol&g HE3to HAoBE HEF 257 F4 I4 7I1¥9 7

AAsEa 2 A3 71E9

4 % 584

1.MB

LAE R A hEL7] E o sjae B2 85 E
Fgstn glem §HFU AT FH, 92 % 2
NeE 43159 AdA4d A 9FL nIT o
g4 Fa dFEE7g HBe SZFAA dyE
Az GAAMEH Hx 9@ AEFAE Az Gt
4 7Hs A - F AAE AN O AX4E 8§
3t3 itk AF HAA] HAMAERFANRTE @
7sd A3 Fele AHZEQA inclusion, porosity,
cavities, worm-holes %°] vt 2|y A¥Ag
lack of fusion, lack of penetration, crack < %
A7t o e Basm Ao

7}E A - F AAA ASME Sec. XIe] 93 &7

t 220HAE AR HAA AR FHHAR
= 713EA ¥4 2 WA wiEd 2AsA) 2
3 APEAE E AFAFo] FAd dHAHEE 4

(4 :199%. 10. 1)

5 7)(classifier) S Bld] Bl 53 AnE & F UALh

ghol Fe Hrloll o] ool Uth

Agte] ol gl AY¥AE MAAEE vz
d v AYAE] #F 52 §HE MAY #
Zo] XA FFE vXL A5 gAe o
71A ge fGHE dodpE drh wets &FEF
o EAste Age AUz H¥ 2 AFEAH

2E A3 HGrisle Aol £48 AHs RIS
s "l FAlolw YolrkA AT
SR 2 A Frof glof g ojr)

azng Age Jrig {8 28 J52RE &
AEL 533 BHstd A FHE W=
"%283 34 <12 (ultrasonic pattern recogni-
tion) el tigt A7t AZHATH 2 &5 A A4
of % |9 Z7dE A3 wd F(inear
discriminant function) 5 ¥|xZ3¥ 293 A4 £
F 714 HL£3IF} dF7F Rose, Burch 28X
Bealing 5 °l8) Bz o™, FRINE AT 2
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v} 2 HAF 3] 7]

7 @#¥® 8 AP TP ATAT FopelA
Schmerre WE7FA 2 €l(expert system)& &3
Ack? =9 Hoo N7F 3= Pneural network)
7MY Ago] ANxEHAYEH, JHdg N7 2
(back propagation neural network)el 2 AHE£H
Axn $433 schmerrs & A% 32 %(pro-
babilistic neural network)& #H&fed? A7 %
H& Bayesian ¥ @@ waoz ge dolH
o} Ae ado gdepy E AP e 28 EF
2 9% £ 02 AZ2R A did FFHoln
AL 7H & AEF 4 JATEFeEFH B
L 250 ABdMe 5 &, 54 49 a8
235014 49 9 A=) Ay
AEF AEH AEA o] AEHI ruleZ HEE
& e HAC)EE o) &F A 2F AFE T3
43 A8 2% ASSE A% A3 AAHAD A
< & AAERAL

2. 28

21, 87 HE EF

Hr

Ferrite’d3} austenite’d-2 HIRS)R A ferrite 72
o) H¥ AQAH ARZ ¢ AT AE=S A
T}, gwryoz <4FLr|9 A slag inclusionol
713 ®o} 84%, porosity 3%, crack 13%4 HE
Aoz vudd 4F ¢HE7] 2] 0% ol
o] M7 HIYL Y # FFY ALF H¥E
FEd R A ASLE FAR HPE ok I,
dAzez HAy¥Y AFL £HA AAZ =Helof
gt S F WA F d= AFY FHe A
2, §HEF, §YEF B9 s = A
¥ZA% 3 porosity, inclusion, slag 59 22 & <
T ¥zEz 22an®

b

2T B4 ey

22.

E dPore 283 34 Ad4E A ve9 4
gAE AX FPsgen NEFHQd &L Fig 1%
2}

. Holg 3

54 =&

E7A A9 (best feature A €)
AY BF (fuzzy-UTSCS 3H4)

w8

ARF, a4, 937

Problem Statement and
Physical Model Development

Good Training Specimens

Data Acquisition
Methodology

L Signal Processing J

|

Feature Extraction
Concepts

Data Structure
Analysis

Fuzzy ©l&& &
Pattern Recognition

Fig. 1. Overview of the patiern recognition.

2.2.1. Data 3

EAEES 48 v A PH(test specimen D&
Mz AAFHor ASME Sec. XI Appendix VIOl
nd 712HAZFAFPDDE 98 A¥E AFAE
AP H(test specimen IS AHE-3te] Ho|HE +3
&) (Table 1 AlEH A% 2XR)

%2&9 M3 43 Physical Acoustic Corpora-
tionol Al AZE  scanner?t IBM-PCel4] Ultra-
Pac softwareg ©)-&3t9 ¢x3td &7 4% 4
3& PCA AZAZA

2&z1 FafeE 225MHzolH pulse-echo E
4" APEE AHEEAT AlEYe 2&F4 YA
full screenclA] 80% amplitude X HolX RIS
I A-scand AM8-3H T}

222. N¥A Al

¥] NP HA(test specimen I) B AFEAE AE
H(test specimen 2} AT Ao AH4€E AMBE
A AL FHEr)g TS AR SA 508,
cl38 AE3le] THEACt .
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< F7)
Q O o 25mm

Hole 15mm 10mm  5mm

- In—>
H-Slit 15mm 10mm  5mm

I

V-Slit 15mm 10mm  5mm (I =

Test specimen( 1)

specimen( 1, 1)

Data acquistition system and test

Fig. 2. Picture of test specimen (I, II).

Table 1. Detail specs. of test specimen (II).

A 2494
L] A% 2%
d 283 el |COLs| @l | prom | From
‘iﬂ_ (mm) (mm) left edge top
3 surface
1 7 F 4 2 - 1 19-203 | 17
SAEFHLOP) | 37 1 3 8-120 § 24
2 |28EHLOF)| 20 1 5 B-115¢ 13
Slag 14 2 3 119528 25
3 |2&EH1LOF)| 18 1 59 | 8-104| 15
" 21 1 51 86-107 { 15
5 7 % 3 2 - | 100-103 | 22
£Y9EFLOP) | 27 1 3 1169-1% | A
7 £YEHLOP) | 17 1 3 1200-217| A4
S§EZLOF)| 24 1 3 105-129 23
9 Slag 20 2 3 | 124-144 | 24
SEERLOR| 16 1 5 | 177-193 | 13

2.2.2.1. Test specimen (I)

Test specimen (D2 223 A3 EF FToA
7t AAHQ feature vector® &7 A Al
S5k M A D A A F S (volumetric) Al
39 EAS 47 A8td holed Z slit¥o AF
2% deARd. $¥713(EDME 3719 A¥
A9 Ase Azd 2% T/ 2 ¥ Fig 2
of Zr},

2.2.2.2. Test specimen (II)

Test specimen (II)+ test specimen (D22 HE
2" a¥%3H< feature vector® 7FXn Z+zHe)
Q13 AgozHe W N5 feature vectorES
fuzzy UTSCSE AH&3te] ZAgte EejsdS 49
3l7] $g AHolth B AFdME 7] Azd ga7
£759 AT dE APHES ALgsgen gy
D Zrzbe] Alg e thdk Age] J§-2 Table 13
2t}

223.

=4 %
54 %% wANE ABAA 54 W7t )%
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SEEEREE R

7t
(rising time), 3}7A]7H(falling time), RF A&
peaks, 71&7)(slope, E/AI7Y), pulse duration L
fourier transforme %% F3 4 S0z o
datag S A4AZ F Urth(Fig. 3) 2AHE N3e
Asgte] §F0] £RE
ARE FAH L 71EHd ARE 7MAz
A8 o7 dataE L pattern vector Z2 2
ordered sete2 FAE 4 Aot £ Aol
Ultra-Pac software® o] &3t 71719} §A&
Z3tarh

Jo X2
o

X
H ool ol

- -
Z1
Z2
Z3
o |z | e 1)
m : pattern vector®] $(m=71)
Zn
Video Envelope
!
90%
g
2
20%
L A _1 | | Tme

Fig. 3. Feature vectors (RT, FT, PD).

AR, Hatd, 937

224 &3 A9 (best feature A3)

Pattern vector? z} 24 A3l AR @
7t} o] pattern vectord Zt 847 BHEANZ FF
e v, BR BT FE£F A& ohdh UT
A& parameterol] A best feature set-2 AA3t7] ¢
8] A feature discrimination Hx}7} 23} Best
feature® A 3st7] A3+ reference Al HE 7} 2
training @419 data® sample correlation coeffi-
clentg FAstd ¥ gh& #3ta PDF (probabili-
ty density function)& T3}l best feature vector
& MAse dilo] ded 2 Ao A= PDF ¥

We st

PDFE YElW = Gaussian £¥2AS th&2 29
2
f(X) ﬁe—u—uwzd—‘, 0{ X {+ o
b q
....................................................................... 2)

I A3z mNe 847 nle 842 7ZHAYHY
A A w8E 29 F Qo] EF AP =
%o] Ht 4 39 pattern vector 59 1Y {4
A8 247} MAEo feature vector X2 Eal e}
a 4& ggr 2

Xy
Xy

Xa

Test specimen () Al@HoZRE Z+zh 50704
ANEE Wol FAFESES EAS¥UY.  Pattern
recognition®] 93§ classification®l Al&%+& fea-
tureE2 7] 1 4o t22 2 o] feature: 9
classification 353 st 1A HEZ "as
o o] oA 74 HAF featureE: MA = Rol
classificationdll oA F 28 7|2 Aot}
AT M= Testpro software® o©]&3le AL
AHES AHAYU YYo=z PDFsE EH3lA

oft oft rr
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HRo|E& o1& AL/ &Y

e dAsAS E
Table 29 Stk

B A7elA AHE-E feature

i
o

Table 2. Best features selected from UT pattern

vector.
Pattern Vector Name Content Unit
1) RT (Rise Time) sec
2) FT (Fall Time) sec
3) PS (Power Spectrum) { RMS
4) PD (Pulse Duration) sec
225 A & F%
£4 F&34 53 A9 H4AHE T3 5o &
A=A o] EAL o]gstd 7 BEL /13 AYs)
i BaEE ¥FE 2R fAHol AF BHE
oy, B dApME= Hx|o|BL FHL&de AF B
F& 3

2.3. Fuzzy-UTSCSE S8t &4t 214

2.3.1. Fuzzy-UTSCS9] logic Bl (fuzzification,
fuzzy inference and defuzzification)

Fuzzy-UTSCS(UT signal classification system)

9] logic ¥HlE Fig. 4914 RHX%0] fuzzifier,
fuzzy interface® defuzzifier® A= A},

Fuzzy Rule
Base
xmnU fuzzifier Defuzzifier yinV
Fuzzy
Fuzzy sets | Interface | Fuzzy sets
in U nV

Fig. 4. Basic structure of Fuzzy-UTSCS

2.3.2. Fuzzy-UTSCS9] 47

2321 28 749 712 7= 24

A7 28 AN HESY AYH
224t Agste

SECIEE
AE 43 FYe Adojz B

283 B 59 BF

Vol. 17, No. 1 (1997)

#sta #x F& 73 YA "TF-THEN” Fei=
cHgFgoEM FE FAEL dETh B dATFAA
AHgd 2E3E &Y wMae Oen 2o

24448 Felol membership¥a-(triangular-type
membership function)”} 842 E#3r] 4
428 W Hed A3}y o 2E 9-F
g Ao ARREHjAY, WS g membership
4-29] ¥ elf(shapes)E-2 Fig. 8914 Fig. 10& E3)
L Rl =

2322 48 9A3F 44 e 2

Fuzzy-UTSCSE modus ponensE #HA|=gl&
=93l A7l generalized modus ponensE ©]
£3to FES Y3}

% A > B T @A FoiAz
A 7k FAA ™
B’ 7t f5En

A'E A9 #F Y4F3teln, B'E #53¥ Hx
&9o] Hr}.
45 4839 EA0 we Hx3 w4e
dsty AAstE T 948 U9 fuzzy setso®
28 gudt 91 gh(crisp values) UE gt}

2323, F89 w4g AA

2 A HEd 8 gL
Z de o]€3E Mamdani® min A4t (conven-
tional Mamdani’'s min operation)®} Larsen®}
product G432 (Larsen’s max-product operation)
£ AHgstdon 1 wyge vy g '

Mamdani®] min @4 HzA dAggs =
Mamdani7} A< minimum |4HRe)E o] &3}
q ¥z FAHALE Y Ao FE w2
g5 2o iMA pEe gen 2e 28 24
< @

284 Zol4 7

£cilW) = @i A pCi(W) e (4)
ai @ WA FE FH] £ 79se AFE
a ¢ FE TR AN AAA%

ci ¢ TH oA F&F é%

wo FES UshE AT CuY ¥
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DEEFRLE R

Ay At 7R HAAZen A, AL 7 H
Adgolgtad il T2 AFE o o 2
o] AT AINALY ANALY Hojgolstal'H
afel Haghl o8 AR9

.12
min(ai, a°)

ai

8
1

= maxgmin( z# a1(xj), 2a’&))], j =1, 2
ek FY o] glid HE Ce ugd 2
o] d& 4 Utk

#c(W) = pcrr V peor
[a: A paW)] V [az A pc(W)]

w
A gdd HAZ xq, vo
Fig. 5. Mamdani'min operaion
Larsen® product @42 ¥HX A#AFFER

Larsen¢} A|¢t& product AAHRp)S o83ty H
A FAMAS =T ez FEWYL ddH
2t

iHA FH 93 22

rlo

,UC'i(W) = @i * ,UCi(W) ................................. (7)
2 THAG. Gebq A4 FY 254

pc(W) = per V por
[y * paW] Vv [ez * pe(W))

oz ol

AEF, Hstd, 937

[~
<
o

V mn 0 w
98 ad HAAG xo, vo
Fig. 6. Larsen’s product operation

Fuzzy-UTSCS9] AeH7FE 3] correlation
minimum  encoding(CME)$}  correlation  product
encoding(CPE) F $F9 F& HWyo] ALgHSith
CME & 4 (1291 A3t membership
function(mf)& %3 strong alpha cutg& ¢7] €%
rule valueg® AH§%ch. CME 82 Mamdani's
max-min operationoll 7]%& & centroid method®]
& FFoIvh CME WM E rule value?t 53 £
AL E 43 fuzzy valued T EE ruleE S 2
et 4z rulee) 54 &Y W4 E AYse A
o] @AM, rule value’t ™h$3E membership
functiong A7 A8 AFEEh. CME ¥R elA
+ FAE membership functionoldt E$e
resulting trapezoid ¥ G% ozt IR center of
gravity (CQ)E Aitsejok gith. CPE %y =g
Larsen’s max-product operation®ll 7)3% 3% Centroid
method®] ¥ Wyolth. CPE WHdAME 448
membership function®] ¥°17} rule valueel <&}
AAis scaled)HY 43 E membership function®
B A2y Bokg adE fAsH 99E rule
values} A8 oz AT FAFA W3lA &
Zh Jg¥ige] dgo| R Heslma Al
Aol o] Fo] drh

CME® CPE @ defuzzification®]
center of gravity methodo] 71%3}w defuzzified
crisp value® &7 Zo|] EAIETH

= 1.
2

CG= 2 ([t (oxxxa0) | 2(f1 (x)xdx)

f'(x) : 38 membership function

_16_



HAol8 e ol8% UHEY] BUY 283 AY 54 BF

2324, HA Fg FH 7 71

Fuzzy-UTSCS TiAIRlE 938 A&7t A& F
2& B doF(linguistic) Y&EE BVFEHR 5
3t fuzzy IF-THEN rulege] A£5Ath Fuzzy-
UTSCS®l| AHE-5o1A fuzzy rule baseS2 Table 4
ol A 6ol el fuzzy rule base: TS ¥4
9 Ri : IF (273) THEN (Z&) rulegd =9
(collection). 2 F-AHth

R : IF x4 is F{ and...and x,is F},
THEN y is G4 oo (10)

where Fi‘and G' are fuzzy sets, i = 1, ..n
and £=1, ...
output linguistic variables.

m, xiCU and y CV are input and

# R &8¢ IF-THEN ruleE< A28 input
fuzzy setol A fuzzy logic T (rule base)oll <A 38}
o output2 29| mappingS AAZ F 28 V
o] Pig ZF(crisp value) L2 HE fuzzy sets VE
et}

2325 £¥%9] v]H ] 3H(defuzzification) &
ZA 3,

Aot 2 $AME FE UPEE HAT Fo 4%
Hog FE AL MAY YgozH EF A
33 Ao Hes 48 F U

ek Ze wyez vA FEE 39 V(HA F
£9 #x A}HE F3h9 - F 949-¢ sy &
Zl(crisp value)Z H#ste Fajof drt oo o
bz Ql HH %3}l W (defuzzification)o]™, o=@ W
W FoA FA F4¥(center of area method)©)
7HE 9§ Aol Ao Bo] ol WHorn B
Aol HE5 Ao

A Z4 ¥ (center of area method)} #4H &
PR AHAAEY FA FH(center of area)& T3}
o s F3te W&} Ao ghlcrisp value)g A oIy
o7 g3k Wgoln 22 ool Hri

lﬂ(Uj) *Ui (11)

#(Ui)

n: Aol ¥Mg AA A o)tz BF
(quantization level)

Uo =

Vol. 17, No. 1 (1997)

2.3.3. Fuzzy UTSCSY tool(FULDEK)

£ dFA COL's(confidence level of slit or
hole)el H7ME A% fuzzy 8 logicd perfor-
manceE 93] Bell Helicopter Textron Inc.olA] 7}
g Fuzzy Logic Development Kit (FULDEK)7}
AHE-H%ith. FULDEKE IBM PC window-§ pro-
gram© 24 simple rule editor®t simulation pro-
gram® Z3 o0 fuzzy logic ruleES Wa1
interactive® WA o2 £ ¢ JYEE FHEh

FULDEKoA %4 FAE rule valuedl A4tat
At Z#E rule value vectorlol 3ste Yol
o). FULDEKY & fuzzy & Wiez vgw 2
< min operation, multiplication, max operation
233l= o8 71A option®] itk

(a) Rule Value =min(gma(V1), pmp(Va), =, #
(Vi) coeeenersessmssennessnssnes 12)

(b) Rule Value

pmfl(V1) X pmf2(V2) X+ X p

P Lo N (13)
(c) Rule Value = max(gmfl(V1), pmf2(V2),-,
£mfn(VR)) o (14)

E dAFdMe FULDEKE ©]-83t9 member-
ship functionE& A3 JE¥sd BE [RT,
FT], [PD, PS], [RT, FT, PD] Al /9 fuzzy
rule baseE WENZ ZZ¢] Rule Based| uwg
COL’s (confidence level of slit or hole)e] 7}
g 8932 2 4%t 235478 A AFs
Ak

2.3.4. Confidence level evaluation

Confidence level evaluation® 93] test speci-
men (D9 slit ¥ hole(zt2} 5, 10, 15 mm)oh A 43
d 259 [A3FdA F2E dE¥A EHEQY
RT, FT, PD, PS& 7}X] 1 fuzzy rule base 4 <&
A% 712 A8 WE7] 98A PDFsE 18s
e, dollA dFH Rosest Jeongdl &3 Ag
BF 2l 9% A 53U AAE d& 5 U
ed=

EHe=z %49 RT, FT, PD, PSE9 feature
vector®] 2]% Gaussian distribution, & PDFsE T

_17_



SEEERLEE

+ Fig. 7#% 2t}

Probability
Density
Probability
Density

Falt Time

,A\/v Slit
///’“,..\\\’)\(—Holo

Power Spettrum

e s aned

Dengity

Probability
o

1

Pulse Duration

Fig. 7. RT, FT, PD, PS presented as PDFs.

91¢] 2YelM A RT, FT, PD9 PDFAlAE
slit Fefd A9 RT(hse time)E #A veus
EXE Bo F

PS(power spectrum)?l A9+ 225MHz #24
A slite] RMS £¥7F &2 2122 vexc. o
ol slag®l VA WAL=} 7] H2Y Aoz
AzZ-Ed

ol el z EA izt 43 HAE nlgom
membership function® fuzzy rule base® 2434
I membership function2 Fig. 8914 Fig. 10,
fuzzy rule base= Table 3o 4] Table 59 Zt}

2.34.1. Confidence level evaluation with RT,
FT

Table 6 o}t RTS FT9 mean valueE 0-12

74A 11 mapping®& ¥E HAFH2Z ATk

H(RT, FT) H(COL1, COL2)
Shart Middle Long Low Mid High
10 1.0
membership
grade
02 4 6 810 12 0 05 10
RT, FT ( psec) COL1, COL2

Fig. 8. Membership functions for

COLt1, coL2.

RT, FT and

A2, H31d, 937

Table 3. Fuzzy rule base regarding RT, FT.

IFRT is Short & FTis Short THEN COLLis High / COL2 is low

IF isShot & is Middle THEN is High / is low
[F isShot & isLong THEN is Mid / is Mid
F  isMdde & is Short THEN is High / is low
[F isMdde & is Middle THEN is Mid / is Mid
[F isMidde & isLong THEN is Mid / is Mid
[F islog & isShot THEN is Mid / is Mid
F isLmng & is Midde THEN is Low / is High
[F islong & islong THEN is Low / is High

2.3.4.2.- Confidence level evaluation with PD, PS
Table 691 @& PD9} PS9] mean valueZ 0-12
744 1:1 mapping-& 98 HARe = FAAsHH.

H(PD) H(PS) #(COL1, COL2)
Short  Middle Long Narow Mideum Broad w Mid High
10 1.0
mery
grade
3 6 9 12 ¢ 3 6 9 12 0 05 10
PD ( usec) PS (RMS) COLY, COL2

Fig. 9. Membership functions for PD, PS and

COL1, CoL2.

Table 4. Fuzzy rule base regarding PD, PS.

IF PDis Short & PS is Narrow THEN COLLis High / COL2 is Low
[F isShot & is MediumTHEN is High / is Low
[F isShot & is Broad THEN isMid / is Mid
[F is Middle &  is Narrow THEN is High / is Low
F isMidde& is MedumTHEN is Mid / is Mid
IF is Midde & is Broad THEN is Mid / is Mid
[F islong & is Naow THEN is Low / is High
[F isLog & is MediumTHEN is Low / is High
IF islong & isBroad THEN is Low / is High

_18_
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1

253 4%

A
]

3

A o] &S o] 8T Y4BT Y

2.3.4.3. Confidence level evaluation with RT,

FT and PD
MRT) H(FT) . H(PD)
Short Middle Long Short Middle lLong  Short Middle  Long
10 10 10

meny hip

0 3 6 9 12 0 3 6 9 12 0.3 6 9 12

RT ( usec) FT ( usec) PD ( usec)
H(COLL, COL2)
Lowest  Lower Low Middle High Higher  Highest
10
0 05 10

COLI, COL2

Fig. 10. Membership functions for RT, FT, PD and
COLt, coL2.

note. RT ! rising time
FT : falling time
COL1 : confidence-level of slit-like

(Linear)

COL2 : confidence-level of hole-like

(volumetric).

Table 5. Fuzzy rule base regarding RT, FT and
PD.

RT is Short & FT is Short & PD is Narrow
THEN COL! is Highst / COL2 is Lowest

RT is Short & FTis Short & PD is Medium
THEN COLL is Higher / COL2 is Lower

RT is Short & FTis Short & PD is Broad
THEN COL1 is High / COL2 is Low

RT is Middle & FT is Short & PD is Narrow
THEN COLI is High / COL2 is Low

RT is Middle & FT is Short & PD is Medium
THEN COL1 is Middle / COL2 is Middle

RT is Middle & FTis Short & PD is Broad
THEN COLI is Middle / COL2 is Middle

RT is Long & FTis Middle & PD is Narrow
THEN COL1 is Middle / COL2 is Middle

RTis Long & FTis Middle & PD is Medium
THEN COLlis Low / COL2 is High

RTisLong & FTis Middle & PD is Broad
THEN COLI is Lower / COL2 is Higher

RT is Short & FTis Long & PD is Narrow
THEN COL1 is Middle / COL2 is Middle

RT is Middle & FTisLong & PD is Medium
THEN COLlis Low / COL2is High

RTisLong & FTisLong & PD is Broad
THEN COL1 is Lowest / COL2 is Highest

5 B B 8 8 A8 85 833

Vol. 17, No. 1 (1997)

235. A% 4%

B Ay i 29 @§EAA 4 A%
ANs2REe B 3% 4% 2F9 284S A
& 54 Ay a8ln 324 4 EF719 AA
1tk &3 A9 93] Test specimen ()25
A8 AF AFY feature vectorE FolA 7194
¢t B ¥ I M(Gaussian distribution curve), & PDFs
(probability density function)E& &A3dte], A7t 4
dA RT, FT, PD € F35 49494 PSE % 4
7he] best-feature vector® A AdIPew zizhd o
3 F T a2 Table 6o YERIATE 43 A3} Rose
9} Jeongol oist AF &5 Wiel A% A Y
¥ AAE A& F AN2H, $19) best-feature
vectorg9 53 £4349 [RT/FT), [RT/FT/PD],
[PD/PS] 3 &%F9 fuzzy rule baseE
UTSCS el 9=t

Test specimen (I) A ZHAA Q& AFAHF Al
35S Z fuzzy rule baseE E3F F8 7§3'Jr
COL1(slit-like}3# COL2(hole-like)& AlFXHoE &
A ¢ Ak 23y 3 FFY fuzzy rule base
oA [RT/FT], [RT/FI/PDI7F confidence level
Ao fo|g oz yeiton, [PD/PSIE test
specimen (Dol Azg Ao el =y)d wa}
A PS(power spectrum)®] #Ah(variation)e] A
27" A9AE 4& AW

Fuzzy rule base® 3% COLY &% 23
slit-like A3t FejolME COL1el vlad EA
EPt R hole-like 2% FelolAE COL27F ®laA
=4 Jebsit). (Table 7 #X)

o3

Fuzzy-

Table 6. Best feature’'s RT, FT, PD, PS mean
value

V-Slit | Hole Hole Hole
mm | 5mm | 10mm| 15mm

VSt | V-Slit
5mm | 10 mm

RT | 0.720e+00 | 0700400 | 0.400e+00 | 0.800e+00 | 0.750e+00 | 0.690e+00

FT | 032800 1 020801 | 0184e+01 | 0880401 | 050e+0l | 02edl

PD | 0408e+01 | 0280e+01 | 0.208e+01 | 0612e+01 | 0420e+01 | 0.256e+01

PS |.368143-01 | £37830e-01 | 67525201 | 291565e-01 | 42104701 | 542618e-01
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Table 7. The confidence level of test specimen O
Block | A% 2%} e RT/FT RT/FT/FPD
No. | &7] el L COL1 COL2 COLL COL2

1 4 Porosity CPE 4.9925e-01 0 0 0
CME 4.9851e-01 0 0 0

. 37 LoP CPE 9.9500e~01 -9.9900e-01 3.6835e-01 -3.6835¢-01
CME 9.9900e-01 ~-9.9819e-01 3.9524e-01 -3.9524e-01

5 20 LOF CPE 7.0917e-01 -4.1921e-01 - 3.3019e-01 -3.301%¢-01
CME 6.673%-01 ~4.4439%-01 3.2936e-01 ~3.2936e-01

5 14 Siag CPE -9.1959¢-01 8.3943e-01 ~-3.3176e-01 3.3176e-01
CME -8.6922e-01 7.6624e-01 -3.3062e-01 3.3062e-01

3 18 LOF CPE 7.0917e-01 -4.1921e-01 3.3019e-01 -3.301%-01
CME 6.6739e-01 -4.4439¢-01 3.2936e-01 -3.2936e-01

3 21 LOF CPE 9.9900e-01 ~9.9900e-01 3.6835e-01 -3.6835e-01
CME 9.9900e-01 -9.9819¢-01 3.9524e-01 -3.9524e-01

. 3 Porosity CPE ~8.1438e-01 6.2032e-01 -3.3123e-01 3.3123e-01
CME —7.5415e-01 5.8683e-01 -3.3027e-01 3.3027e-01

5 o7 LOF CPE ‘ 9.1959%e-01 -8.3943e-01 3.3176e-01 -3.3176e-01

: CME 8.6922e-01 -7.6624e-01 3.3026e-01 -3.3026e-01

7 17 Lop CPE 9.9900e-01 -9.9900e-01 5.0842e-01 -5.0842e-01
CME 9.9897e-01 -9.9856e-01 5.5226e-01 ~5.5226e-01

7 o4 LOF CPE 8.8138e-01 -6.2932e-01 3.3123e-01 -3.3123e-01
CME 7.5415e-01 -5.8683e-01 3.3027e-01 -3.3027e~01

9 20 Sag CPE -7.0917e-01 4.1921e-01 ~3.3019e-01 3.3019e-01
CME -6.673%-01 4.4439%-01 -3.2936e-01 3.2936e-01

9 16 LOF CPE 85312e-01 -7.2540e-01 3.3176e-01 -3.3176e-01
CME 8.6922e-01 -7.6624e-01 3.3062e-01 -3.3-62e-01

3.8 Fuzzy-UTSCS9] A8 AA3N=2F 77 7
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Table 72 confidence Level slit-like Z3§H)

A% COLl1®] %A, hole-like 2¢2 4% COL27

EA vebutel Test specimen (DollA &9 best
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Defects Classification with UT Signals in Pressure
Vessel Weld by Fuzzy Theory
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Abstract It is very essential to get the accurate classification of defects in primary pressure vessel
and piping welds for the safety of nuclear power plant. Ultrasonic testing has been widely applied to
inspect primary pressure vessel and piping welds of nuclear power plants during PSI / ISL. Classification
of flaws in weldments from their ultrasonic scattering signals is very important in quantitative
nondestructive evaluation. This problem is ideally suited to a modermn ultrasonic patterm recognition
technique. Here, a brief discussion on systematic approach to this methodology is presented including
ultrasonic feature extraction, feature selection and classification. A stronger emphasis is placed on
Fuzzy-UTSCS (UT signal classification system) as efficient classifiers for many practical classification
problems. As an example Fuzzy-UTSCS is applied to classify flaws in ferrite pressure vessel weldments
into two types such as linear and volumetric. It is shown that Fuzzy-UTSCS is able to exhibit higher

performance than other classifiers in the defect classification.
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