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Analysis and Classification of Acoustic Emission Signals During
Wood Drying Using the Principal Component Analysis
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Abstract In this study, acoustic emission (AFE) signals due to surface cracking and moisture movement in
the flat-sawn boards of oak (Quercus Variablilisy during drying under the ambient conditions were
analyzed and classified using the principal component analysis. The AE signals corresponding to surface
cracking showed higher in peak amplitude and peak frequency, and shorter in rise time than those
corresponding to moisture movement. To reduce the multicollinearity among AE features and to extract the
significant AE parameters, correlation analysis was performed. Over 99 % of the variance of AE parameters
could be accounted for by the first to the fourth principal components. The classification feasibility and
success rate were investigated in terms of two statistical classifiers having six independent variables (AE
parameters) and six principal components. As a result, the statistical classifier having AE parameters showed
the success rate of 70.0 %. The statistical classifier having principal components showed the success rate of
87.5 % which was considerably than that of the statistical classifier having AE parameters.

Keywords: acoustic emission, wood drying, moisture movement, surface cracking, principal component,
classifier
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Table 1 AE parameters extracted from AE signais
paraAnEeter Meaning

PA peak amplitude (dB)

RC ring-down count

ED event duration (us)

FR frequency (RC/ED)

EN energy (dB)

RT rise time (us)

AR peak amplitude/rise time (dB/ us)
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Fig. 1 AE measurement system during wood drying
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Fig. 2 Cumulative AE hits during drying time
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Table 209] }\‘1 ]’]'E}\’l' H} ZELO] }?}T{l’ﬁ]fﬁ 0.7 O]}b}g % 18 . (a) Surface cracking
A3 ABBAE JFAE PAS AAZE & 67)9) Y 00 kil AARAAA Ao
USRS EAo) ALgstgrt 2
£ 12 50 100 150 200
; ; Time (us)
Taple 2 Correlation analysis results among AE parameters ,>E~ 0.8 YR ——
RC FR EN ED RT AR E AL S A A e
PA |0.7085| 0.5313 {0.7003 | 0.3821 | 0.2402 |-0.0753 %
E _08 1 L L
RC 02741 | 0.6978 | 0.6632 | 0.4495 |-0.1564 < 0 50 100 150 200
Time (us)
FR 0.2851 |-0.2444|-0.0847| 0.0468
EN 0.38 0.2464 |-0.1018 ) ) .
% 0 Fig. 3 Typical AE waveforms corresponding to (a)
ED 04233 | ~0.004 surface cracking and (b) moisture movement
RT -0.333 in the wood specimen during drying
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Fig. 4 Feature—feature plots for {a) RC v.s. FR, {b) FR v.s. AR, (o) RC vs. EN, {d) RC v.s. ED,
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PC1=0.2143RC+0.4059 FR+0.0336 EN
+0.1132 ED+0.1033RT+0.136 AR (1)

Table 3 Eigenvalues of principal components,
percentage proportion and cumulative

percentage
Principal ! Percentage | Cumulative
Eigenvalue )
component proportion | percentage
1 1163.90 94.77 94.77
2 23.17 1.89 96.66
19.32 1.57 98.23
—
13.89 1.13 99.36
5 4.51 0.37 99.73
6 3.36 0.27 100.00

PC2=—0.5484 RC+0.3071 FR—0.1640 EN
—0.4157 ED—0.3689 RT+0.5186 AR  (2)

PC3=0.3235RC+0.8060 FR+0.1582 EN
—0.1143 ED—0.0123RT—0.1731AR  (3)

PCL=0.4106 RC—0.0935FR+0.1342 EN
+0.3311 ED—0.0050 RT+0.8007AR (4)

o714, PCle A 1 FAE, PQ2e A 2 F4%E,
PC3& A 3 A%, PUE Al 4 488 72

Ehdi T
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Table 4 Eigenvectors from principal component analysis

AE

Principal arameter RC FR EN ED RT AR

component
1 02143 0.4059 0.0336 0.1132 0.1033 0.13
2 -0.5484 0.3071 -0.164 04157 -0.3689 05186
3 0.3235 0.806 0.1582 -0.1143 -0.0123 01731
4 0.4106 ~0.0935 0.1342 0.3311 -0.005 0.8007
5 02127 -0.0952 0.165 0.1643 09187 -0.1914
6 -0.3048 0.2574 051 0.7496 ~0.0524 ~0.0694
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Table 5 The variables and the R2 values of four

IDX =—0.40859 +0.011851RC—0.00371 FR— 0.00003EN

selected models by FACTOR procedure
in the SAS

—0.00226ED+0.00483R T+ 0.01054AR (5) ’E of variables Variables selected R
3 FR ED RT 0.1916
714, IDX2 &BfF 928 Jehde 1 g% 0
T 10] ®rh 4 FR ED RT AR 0.1961
89, 7+ EAUSEY gisty FHEES =7 5 FR EN DR RT AR 0.2000
WEE sl SRR AEE LR AT 3
T2 st FURE URE 2RIV AL A 6 RC FR EN ED RT AR | 02130
B8 4AAS Z7E Table 69 LRl AL}. ofuf,
Table 3oA] +4€ wpoh Zo] A 1 ~ A 4 4
ggoen QA dolEe wolg 9%z Huw A (B)%h Table 69 EAAE ol§3td A4
S ogemz AR TPHE SPAFEAE L ol8T BRIY BRATS wASAT ¥
A1~ A 4 AR olg3lged vTE Y5 2 93 AR o] AME-EA 932 10007H
of AA FARS BF EPusr so AR o FRolFel o Az AT I A%
< AxsgTE Ao E FARS ERE 9 5 ol8dd AEd A4 57719 Hee AT
0949 SPas A8® A9 ude 24 o BFE AP AUeRNE fEelse A% A
F7t SAZES SHATE AT A9ud ¢ 5F Moist, UTE AP USE Crackez 4
4= Aok st} Table 794 Hgule} Zo] AR EA4
Table 6 The variables and the R® values of four selected models having principal components
Regression coefficients -
Variables IIE\lquagon 28
Umber aQ ar az as %4 as as
PCt, PC2 ©6) -1.58525 | 195052 | 0.24003 0.3242
PC1, PC2, PC3 @ -1.15909 | 1.55921 | 0.18409 | 1.24431 0.4306
PC1, PC2
PC3, PC4 @®) -1.16325 | 156302 | 0.18463 | 1.24297 | -0.06893 0.4309
PC1, PC2, PC3, PC4, ~ _ - -
PCS, PCS 9 1.33620 | 1.72184 | 0.20738 | 1.18690 | -0.08113 | -0.97582 | -3.26340 | 0.5575
Regression model : IDX=ay+a:PCl+axPC2razP C3+al’ CA+asPCo+asP (6

Table 7 Results of classification analysis between moisture transfer and surface cracking by multiple
regression models (values in parenthesis are for validation)

N Independent Correct classification (%) Error ratio (%)
Classifier : T
variable Moist Crack Total Error 1 Error 1l

Eagn.(3) AE features 87.6 (84.0) 56.6 (56.0) 72.1 (70.0) 134 (16.0) 434 (44.0)
Egn.(4) ‘_85.0 (88.6) 64.6 (67.0) 748 (77.8) 150 (11.4) 354 (33.0)
Egn.(5) Principal 78.0 (80.8) 84.0 (84.0) 810 (82.4) 220 (19.2) 16.0 (16.0)
Eqgn.(6) components 782 81.0) 83.6 (83.8) 809 (82.4) 218 (19.0) 164 (16.2)

Ean.(7) 83.8 (86.0) 914 (89.0) 876 (87.5) t 16.2 (14.0) 86 (11.0)
= Error | @ classifying Moist as Crack

Error Il * classifying Crack as Moist
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