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A Study on the P Wave Amival Time Determination Algorithm of Acoustic

Emission (AE) Suitable for P Waves with Low Signal-to-Noise Ratios
K.S. Lee, JS. Kim, C.S. Lee, C.H. Yoon, JW. Choi

Abstract This paper introduces a new P wave arrival time determination algorithm of acoustic emission (AE) suitable
to identify P waves with low signal-to-noise ratio generated in rock masses around the high-level radioactive waste
disposal repositories. The algorithms adopted for this paper were amplitude threshold picker, Akaike Information
Criterion (AIC), two step AIC, and Hinkley criterion. The elastic waves were generated by Pencil Lead Break test
on a granite sample, then mixed with white noise to make it difficult to distinguish P wave artificially. The results
obtained from amplitude threshold picker, AIC, and Hinkley criterion produced relatively large error due to the
low signal-to-noise ratio. On the other hand, two step AIC algorithm provided the correct results regardless of white
noise so that the accuracy of source localization was more improved and could be satisfied with the error range.

Key words Acoustic emission (AE). P wave arrival time determination algorithm, amplitude threshold picker, Akaike
Information Criterion (AIC), two step AIC, Hinkley criterion, Location Uncertainty (LUCY)
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(b) amplified elastic wave by characteristic function

Fig. 1. P wave arrival time error determined from amplitude
threshold picker caused by noise.
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2.1.2 AIC(Akaike information criterion)
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Fig. 2. Visual description of AR-AIC algorithm
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Fig. 3. Determination of P wave arrival time using two-step AIC

2.1.4 Hinkley criterion
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Table 1. Positions of source location
Source location X (cm) Y (cm)
1 12.5 10
2 25.0 10.0
3 37.5 10.0
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Table 2. Positions of AE sensor

AE sensor X (cm) Y (cm)
sensor 1 0.0 20.0
sensor 2 0.0 0.0
sensor 3 25.0 20.0
sensor 4 25.0 0.0
sensor 5 50.0 20.0
sensor 6 50.0 0.0
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Table 3. Result of source localization, P wave velocity and LUCY determined from P wave arrival time determination

algorithms using elastic waves without white noise

S Averaged source localization Error (%) P oci
(1]
Algorithm ouree (cm) wave velocity LuCY
location (m/s)
X Y X %
1 12.3 9.93 1.6 07 3600 5.7
Amplitude 2 25.7 10.4 28 4.0 3600 72
threshold
3 375 10.7 0.0 7.0 3100 6.7
1 12.1 9.9 32 1.0 3700 5.9
AIC 2 25.7 102 28 2.0 3400 7.0
3 375 10.6 0.0 6.0 3100 6.6
1 12.0 9.7 4.0 3.0 3700 6.3
Two
tep AIC 2 257 10.3 28 3.0 3400 72
3 375 10.5 0.0 5.0 3100 6.4
1 12.5 9.9 0.0 1.0 3600 5.5
Hinkley 2 25.7 10.4 28 4.0 3500 7.4
criterion
3 37.6 10.5 03 5.0 3100 6.7
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Table 4. Result of source localization, P wave velocity and LUCY determined from P wave arrival time determination

algorithms using elastic waves with white noise

l(s)i,:tri(z; Algorithm Averag;d source locahzaion(cm) _ Error(%) . Lucy
Amplitude threhold 13.1 10.3 4.8 3.0 7.5
) AIC 12.9 9.7 3.2 3.0 6.6
Two step AIC 13.0 10. 4.0 0.0 6.8
Hinkley criterion 13.6 10.4 8.8 4.0 7.6
Amplitude threhold 26.3 9.6 52 4.0 7.1
AIC 26.3 9.6 5.2 4.0 7.1
2 Two step AIC 25.7 9.3 2.8 7.0 6.3
Hinkley criterion 26.7 9.3 6.8 7.0 7.8
Amplitude threhold 38.0 10.6 1.3 6.0 7.4
AIC 38.5 11.0 2.7 10.0 8.2
: Two step AIC 37.9 10.6 1.1 6.0 7.3
Hinkley criterion 38.7 10.8 32 8.0 8.4
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