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Time delay estimation and acoustic emission source location
of rock based on phase difference
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Abstract: Lots of uncertain factors affect the time delay estimation precision of time-difference location method in rock acoustic
estimation(AE) experiments. Aiming at this problem, the all phase phase-difference time delay estimation method is proposed. Time
delay of AE signal is deduced through the phase-difference obtained by combining wavelet decomposition and all phase frequency
analysis. AE sub-band signals with the same dominant frequency from different sensors are found with wavelet decomposition. Then
the phases of middle sample of every sub-band signal are obtained with all phase frequency analysis method for those chosen
sub-band signals, and the time-differences of AE signals reaching different sensors are computed according to the relationship
between phase-difference and time-difference. Finally, the AE source is located by the method of time-difference location.
Experiments are conducted on a 50 mmx100 mmx50 mm granite stone, and AE source is generated by broken lead at ten different
points. Under the lab environment, the results from the proposed AE location method indicate that using phase-difference based on
wavelet transform and all phase frequency analysis can effectively improve the accuracy of location of AE source. Compared to the
results obtained by the PCI-2 acoustic emission instrument, the absolute error reduces by about 3 mm, so as to provide an effective
way for AE source inversion.
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Fig.3 Signals and wavelet decompositions received from eight sensors of broken lead experiments
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Tablel Signals and dominant frequencies of the signal sub-band after wavelet decompositions of 8 sensors
. BEIE S E 85 RATE S B —— BEIE S E 85 JRATE S B
/kHz /kHz /kHz /kHz
1 52.78 52.78 5 43.01 43.01
2 43.01 43.01 6 76.25 54.74
3 66.47 46.92 7 43.01 43.01
4 62.56 62.56 8 43.01 43.01

x2 RHE PCI-2 RS R SRK RIER KX e hr 45 R
Table 2 Time delay and location results of AE testing using PCI-2
PRSI E Cx, y, 2) fRIEARINAE A, AR (x,y,2) ENLERRE (x,y,2)  EALCTIRE

/ mm / us / mm / mm / mm
(25, 60,50) A,=-97, A,=08, A, =37, A, =52 (24.78,70.6, 48.45) (0.22,10.6,1.55) 4.12
(25, 45,50) -108, A, =17, A,=08, A, =83 (18.78,37.86,43.01) (6.22,7.14,6.99) 6.78
(50, 60,25) A=52, Ay=-47, A,=-15, A,=-1.0 (38.77,69.06, 18.27) (11.23,9.06,6.73) 9.00
(50, 45,25) Ay=-04, A, =-55, A =44, A, =15 (44.29,29,13.5) (5.71,16,11.5) 11.07
(25,60,0) A,=-25, A, =3, A, =08, A, =-13 (32.44,73.95,1.526) (7.44,13.95,1.526) 7.64
(25, 45,0) A, =-259, A, =338, A ,=-43, A, =-35 (14.66,42.41,9.33) (10.34,2.59,9.33) 742
(0, 60, 25) Ay=42, Ay=-52, A,=95, A,=-85 (9.091, 68.95,23.46) (9.091,8.95,1.54) 6.53
(0, 45,25) A,=-28, A =08, A =15 A,=05 (8.69,31.53,20.53) (8.69,13.47,4.47) 8.88
(25,100, 35) A,=-16, A,=-19, A,;=07, A, =28 (27.35,74.96,32.32) (2.35,25.04,2.68) 10.02
(25,100, 15) A,=0.125, A, =0, A ,=0425 A, =-0.55 (26.48,78.97,13.58) (1.48,21.03,1.42) 7.98
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Table3 Time delay and location results using all phase phase-difference method

PRSP E (x, p, 2) fRIEARINSE A, TR (x,y,2)  EMHEIRE (v y,z2) EACTHRE

/ mm / us / mm / mm / mm
(25, 60,50) A,=233, A,=7.66, A, =-796, A, =-3.56 (22.19,55.33,50.3) (2.71,4.67,0.3) 2.38
(25,45,50) A, =205A,=949, A, =-740, A,=-52 (17.9,45.7,58.13) (7.1,0.7,8.13) 5.31
(50, 60,25) A, =066, A, =-191, A, =574, A,=-454 (38.26,54.35,21.50) (11.74,5.65,3.5) 6.96
(50,45,25) A, =064, A, =451, A, =0.56 A,=-567 (49.26,49.20,27.82) (0.74,4.2,2.82) 2.59
(25,60,0) A, =176, A, =764, A, =312, A, =24l (22.544.79.1) (2.5,12,9.1) 7.87
(25, 45, 0) A,=-253, A, =8.02, A ,=—686, A, =2.16 (30.2,37.2,1.5) (5.2,7.8,1.5) 4.83
(0, 60, 25) A,,=034, A, =056, A, =936, A,=2.49 (7.9,51.3, 24.4) (7.9,8.7,0.6), 5.73
(0, 45,25) A,=-192, A =188, A, =286, A,=10.7 (6.7,44.1,31.9) (6.7,0.9,6.9) 4.83
(25,100, 35) A, =256, A, =-402, A =859, A,=9.54 (24.3,98.2,46.3) (0.7,1.8,11.3) 4.60
(25,100, 15) A,=131, A, =-123, A =145 A,=-5.14 (22.58,81,15.5) (2.42,19,0.5) 7.31
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