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Abstract: Geiger algorithm is a widely used method for locating acoustic emission sources of rock damage. However, the
algorithm is greatly affected by the initial value, which directly affects the application effect of this algorithm. In this
paper, by fully exploring the characteristics of the Chan algorithm, an optimization algorithm that combines the Chan
and Geiger algorithms is proposed. The Chan algorithm is used to give an initial positioning result of the damage source,
and the Geiger algorithm is then used to conduct iterative calculation. The theoretical analysis and experimental verifi-
cation of the proposed hybrid algorithm are carried out through numerical calculations and lead-breaking experiments.
The results show that: the proposed hybrid algorithm is simple, easy to implement, and reliable, and it can effectively
improve the convergence speed and positioning accuracy of the source localization algorithm; when the number of
sensors is small, the hybrid algorithm still has strong adaptability; with the deployment of four single-dimension sensors,
the Chan and Geiger hybrid algorithm is more accurate than the least square method and Geiger hybrid algorithm in
positioning results; moreover, the number of iterations is less, which indicates the improvement of the calculation effi-
ciency. The study has certain promotion significance to improve the calculation accuracy and work efficiency of the
damage location and health monitoring of rock and concrete materials.

Key words: acoustic emission; damage positioning; Geiger-Chan hybrid algorithm; lead-breaking experiment; least
square method
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Table 1 Position coordinates of each sensor
HRSHE  REERTS A fF/m

1 (0.000 0, 0.075 0, 0.075 0)
(0.150 0, 0.075 0, 0.075 0)
(0.075 0, 0.075 0, 0.150 0)
(0.031 0, 0.000 0, 0.011 0)
(0.099 0, 0.000 0, 0.137 0)
(0.099 0, 0.150 0, 0.011 0)
(0.031 0,0.1500,0.137 0)
(0.075 0, 0.000 0, 0.050 0)
(0.075 0, 0.000 0, 0.100 0)
(0.150 0, 0.075 0, 0.050 0)
(0.150 0, 0.075 0, 0.100 0)
(0.075 0, 0.150 0, 0.050 0)
(0.075 0, 0.150 0, 0.100 0)
(0.000 0, 0.075 0, 0.050 0)
(0.000 0, 0.075 0, 0.100 0)
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Fig.1 Sensor layout and simulated sound source location
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Table 2 Theoretical arrival time data of simulated sound
source and the arrival time with random errors
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‘H = ‘E. N JE%“ N Eﬁ\ N H N . . . . .
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MG AT, B /D IRVE S Geiger IR & HIZE: 6 0.1132 0.02440 0.03347 0.03387 0.027 70
S 3 HERRRIN . RSB ERTET 4 700763 0.01644 0.02566 0.02068 0.01850
AN, Chan 5 Geiger 1A 875 1 € 745 5 58 e § 0.1064 0.02293 0.02615 02394 0.026 53
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Table 3 Comparison between the positioning results of two different algorithms
freaby ‘. . T . BB
phel Wik IR m ZE S S AHF fm ok
o e 1 42 (0.073 1,0.104 0, 0.023 9) 0.034 3
Geiger IBEH  (0.0700,0.0700,0.0200) 2 46413 1 (0.070 5,0.012 4, 0.076 7) 0.100 0
X % 3 71 (0.069 6, 0.091 1,0.074 8) 0.058 7
1 30 (0.074 9, 0.096 2, 0.045 2) 0.036 7
Chan 5 Geiger
sy (00700,00700,00200) 2 46413 1 (0.069 2, 0.012 2, 0.076 6) 0.099 8
3 50 (0.072 7, 0.088 4, 0.073 7) 0.056 9
. 1 1 (0.071 3,0.069 9, 0.048 3) 0.028 3
Geiger IBEH  (0.0700,0.0700,0.0200) 2 46413 1 (0.067 1,0.067 1, 0.051 2) 0.0315
A % 3 1 (0.049 5,0.078 1, 0.051 1) 0.038 1
1 1 (0.070 2, 0.069 7, 0.012 0) 0.008 0
Ch;‘é‘fé’;ger (0.0700,0.070 0,0.020 0) 2 46413 1 (0.070 2, 0.070 7, 0.013 4) 0.006 7
= N
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1 1 (0.074 1, 0.083 8, 0.067 3) 0.049 5
N ]
Geiger s (00700,00700,00200) 2 46413 1 (0.079 2, 0.073 2, 0.101 2) 0.0818
. 3 2 (0.094 3, 0.070 8, 0.045 3) 0.035 1
1 1 (0.066 2, 0.065 1, 0.002 7) 0.018 4
Ch;,%‘f:é’;ger (0.0700,0.070 0,0.020 0) 2 46413 1 (0.069 6, 0.070 8, 0.037 9) 0.017 9
ke 1 N
3 1 (0.063 5, 0.068 8, 0.006 1) 0.0154
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Fig.2 Sensor arrangement in positioning experiment
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Table 4 Position coordinates and arrival time of each sensor

I3 7 5 i # /m FTE T ) /ms
1 (0.031 0, 0.000 0, 0.011 0) 0.034 2
2 (0.099 0, 0.000 0, 0.137 0) 0.028 2
3 (0.099 0, 0.150 0, 0.011 0) 0.043 0
4 (0.031 0, 0.150 0, 0.137 0) 0.013 7

x5 EHREPAMTEEENE LG EMER
Table 5 Acoustic emission positioning results of two dif-
ferent algorithms in the lead-breaking experiment
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