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Development of Feature Selection Method for Neural Network
AE Signal Pattern Recognition and Its Application to
Classification of Defects of Weld and Rotating Components
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Abstract The purpose of this paper is to develop a new feature selection method for AE signal classification. The neural
network of back propagation algorithm is used. The proposed feature selection method uses the difference between feature
coordinates in feature space. This method is compared with the existing methods such as Fisher’s criterion, class mean
scatter criterion and eigenvector analysis in terms of the recognition rate and the convergence speed, using the signals
from the defects in welding zone of austenitic stainless steel and in the metal contact of the rotary compressor. The .
proposed feature selection methods such as 2-D and 3-D criteria showed better results in the recognition rate than the
existing ones.
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2.1. 2-D Criterion
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2.2. N-D Criterion
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Table 1 Feature parameters in time domain[g)
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feature parameter

fotal power in total original time domain

total mean level in fotal original time domain
fotal variance in iotal original time domain

fotal skewness in total original time domain

fotal kurtosis in total original time domain

a number of peaks exceeding a present threshold
ratio of the powers above 90% and 10% threshold
ratio of the powers above 50% and 10% threshold
ratio of the powers above 90% and 50% threshold
pulse duration of largest pulse in original time domain
10 | rise time of largest puise

11 || decay time of largest pulse

12 || peak duration

13 || largest pulse area

14 || energy of largest pulse

15 || first amplitude moment of largest pulse

16 | first energy moment of largest pulse

17 || second amplitude moment of largest puise

18 {| second energy moment of largest pulse

19 | rise slope of largest pulse

20 || decay slope of largest pulse

21 | mean of largest pulse

22 | variance of largest pulse

23 || skewness of largest pulse

24 | kurtosis of largest pulse
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Fig. 1 Welding specimen with an artificial defect (a) no
defect, (b) hole with crack, (c) notch and (d) crack
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Table 2 Feature ranking by Fisher criterion, class mean
scatter criterion, eigenvector analysis, 2-D
criterion and 3-D criterion

Feature Number
Rank. S
Fisher | @SS | Elgen— | 3D

Mean | vector
1 3 3 25 1 913 9 16
2 0 1 26 3 16 |3 15 16
3 1 9 27 3 910 1 9
4 2 10 28 31513 9 15
5 23 19 29 1 10 | 3 10 16
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Table 3 Classification result by 2 features selected by
Fisher's criterion, class mean  scatter
criterion,  eigenvector analysis and 2-D
Criterion (NO: No Defect, H: Hole with
Crack, N: Notch, C: Crack, R.R.: Recognition
Rate, I.N.: Iteration Number)

Method Fe;;“re Classification Result N |

NOTH[NJ]CTRR®%
NO 211 0
Fisher | 03 H 30 0 3767
N 30 100
C 2| 1 33
NO|HI!N|[C|RR®%
Class NO| 28 21 ®3
Mean 13 H 9 |21 0 3767
C 1129 96.7
, NO [ HINIC|RR%
Eigen- NO| 28 | 1 1] 3
vector | 2526 | H 3 | & 0 32767
C 1 2 %.7
NO|HIN|C|RR%
NO| 29 1 9%.7
2-D 19 H 0 100 | 767
N 2 12513 833
C 1129 AN

Table 4 Classification result by 4 features selected by
Fisher's criterion, class mean  scafier
criterion, eigenvector analysis, 2-D criterion
and 3-D criterion (NO: No Defect, H: Hole
with Crack, N: Notch, C: Crack, RR:
Recognition Rate, 1.N.: Iteration Number)

Method Fes:)ure Classification Result I.N.

~ INOJTHINTC [RR
01 | NO| 2 | %7 |
Fisher . L H 26| 3 1 867 | 32767
23 '\ 2 (8] | ®3
C X | 10
NOIH|[N| C |RR%
Cass | | 5 [NOJ 30 100
Mean 9 1L H 271 3 0 32767
seater | 210 N1 2 %7
C | 10
, NOClHINTC [RR%

Elgen_ 25, %6 NO| 30 100

vector 27’ ‘| H 30 100 | 2069

Analysis| 272 [N 2 | 28 w3

C 0 100
NO!H|N| C I RR®%
13 INT 3 100
2-D 916 H 0 100 | 32767
{ N 2128 33
C 0 100
NO|lH|{N|C |RR(%
39 |[NO| 29 1 %7
3D > LH 0 100 | 32767
C l 0 [ 100

Table 5 Evaluation result by 4 Features selected by
Fisher's criterion, class mean scatter
criterion, eigenvector analysis, 2-D criterion
and 3-D criterion (NO: No Defect, H: Hole
with Crack, N: Notch, C: Crack, RR.:
Recognition Rate)

methw Fes:)ure Evaluation Resut T

NOJHI N [ C | RR®%
0 1 NO | 7 2 1 70
Fisher b H 7 3 70
23 I'nN 317 70
C 1 1 8 80
NOTHI N | C | RRE
Class 1,3, NO | 8 1 0
H 8§ [ 2 &
Mean 9,10 N { 9 QD
C 10 100
5 NO | H N C | RR(%)
Igen- NO| 9 Q0
vector 25722?3 H 10 100
Analysis | 7 N | 1 9 90
C 10 100
NO[H| N | C | RR(%
13 N 9 | 1 0
2-D P H 10 100
916 N 119 0
C 10 100
NO[HI N[ C | RR(%
39 NO! 8 | 2 0
3D Y H 10 100
C 0] 100 ]
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Table 6 Feature ranking by Fisher' criterion, class mean
scafter criterion, eigenvector analysis, 2-D
criterion and 3-D criterion

Feature Number

Rank. | _ Class | Eigen-
Fisher| viean vector | 2P 3D
1 0 0 25 019 | 21519
2 3 2 26 219 12919
3 2 9 27 0 9121619
4 11 16 28 2 910919
5 4 15 29 0 11 101519

Table 7 Classification result by 4 features selected by
Fisher's criterion, class mean scatter criterion,
eigenvector analysis, 2-D criterion and 3-D
criterion  (NOD: No Defect, DOR: Defect on
Roller, DOV: Defect on Vane, DOW: Defect
of Wear, DOA: Defect of Abrasion, RR.:
Recognition Rate, I.N.: lteration Number)

N8l EAGE AHES BR7Il dis) 2H2e] 5A%
Aee] ek A4 ﬂi‘% F719 844 L Fg. 4
o Jehjgltt. FEEEE eigenvector analysis’t 7P
WES o 4 glg

5.2, 2EZ| ¢H7| Meln] HER9| olFHE 2R/

st HEl9)

2 4719 28 A R FEE AJHY 4
35 ERE F UdE A Bt B4z A
elo| #aA = Fisher's criterion, class mean scatter
criterion, eigenvector analysis, 2-D criterion 1¥]3l
3-D criterionel} 9% 7 BRG] ¢HE Table 6 4
H 58 Vel BF2 = Table 7o YERIIEL

BR7) 4AA%E 3238 29 2-D aiterion} 3-D
criterion©.& A EAgron AAG £F/1Y Adst

275718

Table 8 Evaluation by 4 features selected by Fisher's
criterion, class mean scatter criterion, eigen—
vector analysis, 2-D criterion and 3-D
criterion (NOD: No Defect, DOR: Defect on
Roller, DOV: Defect on Vane, DOW: Defect
of Wear, DOA: Defect of Abrasion, R.R:
Recognition Rate)

Method Feﬁ(t;\re Classification Result IN. Method Fes(t)ure Evaluation Result
NOD|DOR| DOV |[DOW|DOA; RR.(%) NOD | DOR | DOV | DOW| DOA| RR.(%)
0 3 ggg 0 s 100 o 3 NODI"9 i > %
- . 3, D - . 3 [DOR 8
Fisher | 5 41 Doy i 129 %7 |2 Fister | 5 11" Ipov 110 %0
DOW 30 100 DOW 10 100
DOA 30 100 DOA 10| 100
NOD| DOR| DOV [DOW|DOA| RR.%) NOD | DOR | DOV | DOW/| DOA| RR.(%)
NOD [ 30 100 NOD| 10 100
Class | 0, 2 I DOR 21 1| %83 | oy Oess | 0. 2 'poR 712 1 70
Mean | 9, 16 [ DOV 2128 B3 Mean | 9, 16 [DOV 119 Q0
DOW 30 ) DOW 0 100
DOA D100 DOA 0 [ 10
NOD|{DOR| DOV [DOWDOA| RR.(%) NOD | DOR | DOV | DOW| DOA | RR.(%)
. NOD[ %7 |3 ) . NOD| 8 | 2 &0
Eigen- | 25, 26, | DOR 3 0| %5 Eigen- | 25, 26, [poR 10 100
vector | 27, 28 | DOV 0 00 vector | 27, 28 { DOV 10 100
DOW 20 ) DOW 10 100
DOA 3010 DOA 10 [ 100
NOD| DOR{DOV|DOW|DOA| RR.(%) NOD | DOR | DOV | DOW/| DOA| RR.(%)
NOD | 30 00 0D | 10 100
op | % 2 [DOR[1 [ %7 |18 op | & 2 [DOR 10 100
9, 19 [ DOV 0 100 9 19 [Dov 10 o0
DOW 30 100 DOW 10 0
DOA 0| 10 DOA 101 10
NOD|DOR|Dov|pow|Doal RR.(%) NOD | DOR | DOV | DOW| DOA| RR.(%)
29 DRI 112 = 2 0 e 0
, ] . [DCR 1
5D\ 45 1o (oo 30 100 10 $D 15, 19 [DOV 10 04
DOW 30 100 DOW 0 o0
DOA 01 100 DOA 0100
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