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Abstract: Analyzes that granite AE signal parameters under uniaxial loading by that way of Pearson linear
correlation, research that correlation of characterization parameters within that separate group with various
characteristics, and analyzes that relationship between each parameter and destruction. This study shows that:
impact, events and ringing are mainly used to describe the damage degree of rock, amplitude characteristics,
time characteristics and frequency characteristics are mainly used for acoustic emission source properties, and
energy characteristics can not only be used to describe the damage degree of rock, but also be used to analyze
the acoustic emission source. That ringing counts are highly interrelated with energy, intensity, duration, RMS
and ASL have high correlation, a high correlation is in the three parameters of the energy characteristics, and
there is a higher correlation between the two parameters of the timing characteristics. The correlation between
the parameters of frequency is very low, and the acoustic emission parameters can't be replaced for each other in
analysis, which need separate analysis. Characteristics of ringing and energy can be a very good description of
failure, but failure precursors can't be quantized. However, the amplitude, RMS, ASL, can quantify
characterization of that precursor of failure, such as the effective voltage value 0.7 V as the precursor of
destruction, the emergence of amplitude exceeding 95 dB as that destructive precursor. The relationship between
the timing characteristics and damage is not obvious, so you can't use those parameters analysis that fracture of
rocks. But those parameters can be used to describe AE source characteristics. The peak frequency, inverse
frequency and the center frequency can't reflect AE source characteristics, and that average frequency and initial
frequency can reflect AE source characteristics. Copyright © 2014 IFSA Publishing, S. L.
Keywords: Acoustic emission, Characterization parameters, Correlation, Damage characterization, Frequency,
Acoustic emission source, Pearson linear correlation.

1. Introduction
Acoustic emission is that phenomenon that the
strain energy is released in the form of elastic wave
when material or component deforms or is damaged
[1]. With the constant improvement of acoustic
emission technology, the range of applications is
increased of through comparison, Mogi [2] studied
the acoustic emission sequence characteristics of
natural earthquake and rock samples rupture.
G. M. Boyce [3] got the historical maximum stress
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value in various rock samples with the method of
Kaiser effect of rock acoustic emission, and divided
that brittle rock into four stages before the failure of
rock. Goodman [4] by sandstone uniaxial loading
tests found that the Kaiser effect also exists in the
rock. C. Li and E. Norfund [5] conducted many
experiments to verify the Kaiser effect of rock
acoustic emission, and used them to evaluate the
damage degree of rock. Zhou Xiaoping [6], through a
large number of experiments, obtained the basic law
of the cumulative number of AE events and energy
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rate, and put forward that it is more accurate to use
the energy rate to determine the stage of deformation
and failure of rock. Zhao Xingdong [7] through many
experiments revealed that inner relationship between
characteristics of acoustic emission and rock failure,
and went deep into the failure mechanism of rock.
Xu Jiang [8] and Zuo Jianping [9] with the way of
acoustic emission studied rock damage evolution law
of three dimensional space. H. P. Xie [10] studied
that bedded salt rock failure with acoustic emission
technique and the space evolution of damage. Liu
Jianpo [11] researched that process of precut hole
rocks failure by those characteristics of spatial and
temporal evolution of acoustic emission. Thus, the
acoustic emission technique has been widely applied
in in-situ stress measurement and rock failure
mechanism etc. The application of acoustic emission
technique is based on experience or selects several
AE parameters habitually to analyze problems, and
analysis of other acoustic emission parameters is very
limited. In recent years, people found the problem,
pay attention to it and research in this area started,
such as Zhang Yanbo, Ji Hongguang [12-16] etc.,
enhanced the research of rock acoustic emission
signal energy, and frequency.
In the current study, that minority of acoustic
emission characterization parameter is mainly applied
to analysis that rock damage, but we know very little
about the relationship within the characteristic
parameters, which is easy to apply two characteristic
parameter with high correlation to analyze the same
question and cause repeated study. At the same time,
it is also easy to cause study respectively. Therefore,
to study the correlation between acoustic
emission characterization parameters is instructive in
the application of acoustic emission technique
for
scientific
and
choosing
reasonable
characterization parameters.

2. Acoustic Emission Characterization
Parameters
There are a lot of acoustic emission
characterization parameters and the meaning of each
parameter characterization is different. If we want to

research rock damage scientifically and reasonably
by the way of acoustic emission technology, it is
most important to make the significance of acoustic
emission characterization parameters clearly. Hit,
events, ringing, amplitude, energy, timing, frequency,
etc. are included in acoustic emission signal
characterization parameters. The meanings of
specific characterization are shown in Table 1.

3. Correlation Analysis to Acoustic
Emission Characterization Parameter
3.1. The Production of Experiment
Experiment system is shown in Fig. 1. The
TYJ-600 type microcomputer control electrohydraulic servo rock mechanics testing machine is
used to load rock specimens. That maximum loading
force is 60 t. the displacement is under control in the
process of uniaxial loading, and loading rate is
0.002 mm/s. PCI - type 2 of 8 channel acoustic
emission device from acoustic physical companies in
the United States PAC (physical acoustic
corporation) is used to collect the acoustic emission
signal in the process of specimens deformation and
failure under loading. Four symmetrical NANO
acoustic emission probes are stuck around the
specimen, which are used to record the parameters
and the waveform of acoustic emission events and
conduct real-time positioning. The size of the NANO
probe is Ф 8 mm × 8 mm. The value of main
amplifier gain is set as 40 dB, the threshold value
40 dB, the resonant frequency of probe 280 kHz, the
sampling frequency 5×106 times/s. In order to
integrate probe and specimen closely, smear a layer
of coupling agent between probe and specimen, the
acoustic emission probes are fastened with
transparent adhesive plaster. The surface of granite
sample is smooth and the both ends are parallel. The
nonparallelism of the both side of sample is less than
0.01 mm and upper and bottom side of the deviation
is less than 0.01 mm. Basic size of sample and
machining accuracy accord with the standard of
rock experiment.
Pressure acquisition

Loading machine

Specimen and sensor

AE acquisition

Fig. 1. Probe arrangements for PAC acoustic emission testing system and Loading system.
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Table 1. Main acoustic emission characterization parameters and application.
Characterization parameter
Hit

Event

The times of oscillation crossing
the threshold of signal.

Ringing

Amplitude

Characteristics
of amplitude

Meaning
Any acoustic emission signal that
over the threshold and make
a channel date accumulation is
called a Hit.
Regional change which produces
acoustic emission in material is
called an acoustic emission
event.

RMS

ASL

Energy

The maximum vibration
amplitude of Signal waveform
which is usually expressed in the
dB.
Root mean square value of signal
during the sampling, which is
usually expressed
in the V.
The mean during the sampling
time, which is expressed in the
dB.
The area below the detection
signal envelope line.

T
R
Characteristics
of energy

Absoluteenergy



m
t =0

The characteristics and uses
Reflect the total amount and frequency of acoustic
emission. It is often used to evaluate activity of
acoustic emission.
Reflect the total amount and frequency of acoustic
emission events. It is used to evaluate the source
of activity and the concentration degree of
positioning.
It processes signal simply. It is suitable for two
kinds of signals, and can roughly reflect the signal
strength and frequency, which is widely used in
acoustic emission activity evaluation.
Decide measurability of event. It is commonly
used to identify the type of wave source, and
measure the strength and attenuation
It is mainly used for continuous acoustic emission
activity evaluation.
It is similar to RMS in providing information and
USES, and it is particularly useful to continuous
signal which acquires high demands of the
dynamic range of amplitude and low demands of
time resolution. It is also used for measurement of
background noise level.
Reflect the relative energy or strength. It can
replace the ringing count, is also used to identify
the type of wave source.

Vi 2 ,Vi represents the

sampling point voltage, ΔT
represents sampling interval, m
represents sampling in duration,
R represents the input impedance
of measuring circuit.

T  t =0 Vi , Vi represents the

An authentic reflection of acoustic emission
signal impact energy.

m

Signal strength

Time of duration
Characteristics
of timing
Rising time
The average
frequency
The initial frequency

Characteristics
of frequency

Inversefrequency
Center frequency

Peak frequency

sampling point voltage, ΔT
represents sampling interval, m
represents sampling in duration
Time interval from event signal
first crossing the threshold value
back to the threshold value,
which is usually expressed in
theμs.
Time interval from event signal
first crossing the threshold value
to maximum amplitude.
It is talked about as a complete
acoustic emission impact signal,
in KHz.
The frequency in view of
duration of the rise time,
in KHz.
Frequency which is defined in
view of the period after the signal
peak, in kHz.
The corresponding frequency
components of center of gravity
in the spectrum.
The corresponding frequency
components of the maximum
amplitude in the spectrum.

Measurement of acoustic emission impact signal
energy.

It is very similar with ringing count, but often
used
to identify types of special waves and the noise.
Its physical meaning is not clear due to the
influence of the transmission. It is sometimes used
to identify mechanical and electrical noise.
It is associated with ringing count and duration,
and can roughly reflect the frequency
of the signal.
It is related to the ringing count before the peak
and rising time, and It can roughly reflect the
frequency of the signal.
It is associated with ringing count, ringing count
before peak, duration and rising time. It can
roughly reflect the frequency of the signal.
It can roughly reflect the frequency of the signal.

It can roughly reflect the frequency of the signal.
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3.2. Correlation Analysis of Characterization
Parameter
Use the way of the Pearson linear correlation to
analyze the data collected in the process of the
experiment, and get Pearson correlation coefficient
between these parameters. If the correlation
coefficient is close to 1, the degree of variables
correlation is high. However, if it is close to zero,
then the measured variables are almost irrelevant.
The positive correlation means that one variable

increases with the increasing of another variable. If it
is a negative correlation, then the law is just the
opposite. In this article, the absolute value of
correlation coefficient is above 0.7, we treat they are
highly correlated. If the value between 0.4 to 0.7, it is
considered a weak correlation. The value below
0.4 means no correlation. The statistical information
of Pearson correlation analysis is shown as Table 2
and the correlation calculation results are shown
in Table 3.

Table 2.Statistic data about Pearson correlation analysis.

Parameter feature
Ringing
characteristic

Quantity
Mean value
of sample

The fitting
standard
deviation

Sum

Minimum

Maximum

Ringing count

15169

138.7432

823.7705

2.10E+06

1

8779

Amplitude

15169

49.75575

10.83369

754745

40

99

RMS

15169

0.05013

0.09062

760.4448

2.00E-04

0.7502

ASL

15169

47.36139

13.40578

718425

10

80

Energy

15169

212.2135

2106.66

3.22E+06

0

65535

Absolute energy

15169

1.23E+06

2.19E+07

1.87E+10

0

1.23E+09

Strength of signal

15169

1.34E+06

1.35E+07

2.03E+10

0

4.97E+08

Rising time

15169

668.092

4162.974

1.01E+07

0

65506

Duration

15169

2386.546

12563.12

3.62E+07

0

100000

Mean frequency

15169

101.0475

205.5248

1.53E+06

0

1000

Inverse frequency

15169

35.81825

34.6823

543327

0

333

Frequency
Original frequency
characteristic

15169

288.033

364.1762

4.37E+06

5

1000

Center frequency

15169

105.0763

15.51119

1.59E+06

39

283

Peak frequency

15169

85.21907

37.30974

1.29E+06

18

180

Amplitude
characteristic

Energy
characteristic

Timing
characteristic

As shown in Table 3, the ringing count is closely
related to energy, signal intensity, and duration, and
time distribution is also very similar, as is shown in
Fig. 2(a). They can be substituted in the analysis of
the acoustic emission parameters which would reduce
the workload of analysis. Although there is higher
similarity between characteristic parameters, certain
difference still exists. For example, some parameters
are easy to quantitatively described, but some
parameters are more suitable for qualitative analysis.
So the parameter selection should be based on the
need. To the characteristic parameter for the
amplitude characteristic, the correlation between
RMS and ASL is high, and time distribution is also
very similar, as shown in Fig. 2(b). They can be
substituted in the analysis of the acoustic emission
parameters, while amplitude requires a separate
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analysis. For characterization parameters of timing,
the two parameters have higher correlation, and the
time distribution is also very similar, as shown in Fig.
2(c). They can be substituted when we analyze
acoustic emission parameter. For frequency
characterization parameter, the correlation between
each parameter is very low. Though there is a
relatively high correlation between peak frequency
and the center frequency, but its distribution in the
time difference is different, as shown in Fig. 2(d). So
emission parameters can’t substitute in parameter
analysis, and they are needed to be analyzed
separately. To the characterization parameters of the
energy, there is high correlation between the three
parameters, and the time distribution is also very
similar, as shown in Fig. 2(e), they can be substituted
when we analyze acoustic emission parameter.
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1.0
0.8
0.6
0.4

1.0
Ringing
Energy
Signal Strength
Duration

0.8

Inverse frequency

0.472

0.749

0.802

0.975

-0.031

0.127

0.412
0.251
0.164
1.000

0.249
0.193
0.105
0.896

0.404
0.250
0.162
0.998

0.508
0.207
0.196
0.556

0.610
0.255
0.228
0.605

-0.199 0.300 -0.413
-0.033 0.003 -0.083
-0.070 -0.026 -0.149
-0.016 0.093 -0.060

1.000

0.916

0.310

0.421

-0.008

0.058

-0.033 -0.048 -0.028

1.000

0.542

0.602

-0.016

0.091

-0.059 -0.095 -0.053

1.000

0.817

-0.034

0.096

-0.102 -0.163 -0.083

1.000

-0.040

0.117

-0.114 -0.191 -0.099

1.000

-0.163

0.460

0.135

0.033

1.000

-0.338

0.143

0.189

1.000

0.242

0.078

1.000

0.601

Peak
frequency

Mean
frequency

0.763

Center frequency

Duration

Original frequency

Rising time

Ringing
Ringing
1.000 0.581 0.267 0.219
characteriscount
tic
1.000 0.224 0.292
Amplitude Amplitude
characteris- RMS
1.000 0.703
tic
ASL
1.000
Energy
absolute
Energy
characteris- energy
tic
Strength
of signal
Rising
Timing
characteris- time
tic
Duration
Mean
frequency
Inverse
frequency
Frequency
Original
characterisfrequency
tic
Center
frequency
Peak
frequency

Strength
of signal

ASL

Absolute
energy

RM
S

Energy

Parameter
feature

Amplitude

Ringing count

Table 3. Results of Pearson correlation coefficient of granite acoustic emission.

-0.100 -0.152 -0.076
-0.334
-0.153
-0.286
-0.098

-0.118
-0.101
-0.162
-0.054

1.000

1.0

1.0

0.8

0.8

0.6

0.6

0.6
0.4
0.4
0.2

0.4
0.2

0.2
0.0

0.2

0.0

0.0

-0.2
0.0

-0.2

-0.2

-0.4
0

50

100

150

200

250

Time(s)

(a)

(b)

(c)

(d)

Fig. 2 (a-d). Distribution of characterization parameters in time.
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(e)
Fig. 2 (e). Distribution of characterization parameters
in time.

4. Relationship Between
Characterization Parameters and
Rock Failure
On the basis of research on the correlation of each
characterization parameters, we further analyze the
relationship between the parameters and the rock
damage, which provide the reference to the selection
of parameters when we use acoustic emission
parameter to analyze rock damage characteristics,
failure mechanism.

reflect the time of internal damage in specimen, and
the change of numerical value can express the rule of
the internal damage in specimens.
Fig. 4 and Fig. 5 respectively show signal
amplitude, effective level voltage and load change
with time changing. By Fig. 4, the relationship
between effective level voltage and the stress strain is
similar to the relationship between ringing and
destruction is very similar, therefore the effective
level voltage can describe rock damage perfectly.
Before
50 percent of failure load, the effective level voltage
was very small. The failure load reached 50 % failure
load, the effective level voltage increased to 0.4 V.
When the loading reached 80 % failure load, the
voltage got to 0.7 V. So you can treat the effective
level voltage of 0.7 V as a precursor to macroscopic
damage. By Fig. 4, before 50 percent of failure load,
the amplitudes are mainly below 75 dB. But after
50 percent of failure load, amplitude above 95 dB
signal increased significantly. The relationship
between amplitude and destruction are similar as
Fig. 4 showing. So the amplitude can describe rock
damage, and at same time the phenomenon of
amplitude more than 95 dB also can be treated as a
precursor to macroscopic damage.

Fig. 4. Curve of RMS and load vs. time.

Fig. 3. Curve of ringing rate and load vs. time.

Fig. 3 is the curve showing that ringing count and
the load change along with the change of time. In
Fig. 3, from the beginning loading to about
50 percent of failure load, namely, from beginning of
trial to about 125s, acoustic emission activity is weak
in granite specimen or the level of activity is low, the
rate of ringing count is small. Near the 50 percent of
failure load, a spurt of ringing count rate arises. A
spurt of ringing count rate also arises when a little
"stress drop" appears on the load curve. At this time
the internal crack is formed. As the load increases
further, the small cracks are formed in the specimen.
The small cracks develop continuously under load
until failure. Therefore, the ringing count rate can
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Fig. 5. Curve of amplitude and load vs. time.

Due to high correlation between the three
parameters in the energy characteristics, therefore, the
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absolute energy is used to represent the others to
analysis the relationship with the damage, as shown
in Fig. 6. From Fig. 6, the relationship between
absolute energy and the stress strain is very similar to
relationship between ringing and destruction, so the
absolute energy can describe rock damage perfectly.
The numerical value and ithology of the energy
characteristic parameters of is related to many
factors, and the change is very big, so we can’t give
quantitative damage precursors.
In temporal property, the correlation of two
parameters is very high, therefore, the rise time is
used to represent the other to analysis the relationship
with the damage, as shown in Fig. 7. Fig. 7 shows
that, the relationship between the damage and the rise
time is not obvious, so we would better not use this
parameter to analyze rock damage. However, this
parameter can be used to analyze the properties of
acoustic emission source.

these parameters. With the increase of load, average
frequency and the initial frequency showed some
regularity, as shown in Fig. 9, so these two
parameters can be used to analyze the nature of the
acoustic emission source.

Fig. 8. Curve of center frequency and load vs. time.

Fig. 6. Curve of absolute energy and load vs. time.
Fig. 9. Curve of mean frequency and load vs. time.

5. Conclusions

Fig. 7. Curve of rise time and load vs. time.

Because of the low correlation between the
parameters of frequency characteristic, by extracting
the distribution law of each parameter and the load
on time, we found that with increasing load, the
change regularity of peak load, inverse frequency and
the center frequency is not obvious (because the
sheet restricted, set the center frequency as example,
as shown in Fig. 8). So we can't analyze the nature of
the acoustic emission source through the change of

Through the analysis of the granite acoustic
emission signal parameters changing rule under
uniaxial loading, the research on correlation between
the characterization parameters and the relationship
between the damage and the characterization
parameters, we got main conclusions as follow.
1) There are a lot of acoustic emission
characterization parameters, and the meaning of each
parameter characterization is different. Impacts,
events, and ringing are mainly used to describe the
damage of the rock. Amplitude characteristics,
temporal and frequency characteristics are mainly
used for analysis of acoustic emission source
properties. Energy feature can describe the damage
level of the rock, but also can be used to analyze
acoustic emission source.
2) The ringing count has higher correlation with
signal intensity, duration and energy. RMS is related
closely to ASL. To the characterization parameters
for the energy features, the three parameters have a
higher
correlation.
For
temporal
property
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characterization parameters, they have higher
correlation. To characteristic parameter with the
higher correlation in the group, they can be
substituted in the process of acoustic emission
parameter analysis, which would reduce the
workload analysis. However, for other low
correlation parameters in the group, you may need to
separate analysis. For the frequency characteristic
parameter, the correlation between each parameter is
very low, they can’t be substituted each other in
parameter analysis of the acoustic emission and they
need to be analyzed separately.
3) The ringing and energy characteristics can well
describe the damage, but because numerical value
and lithology in characteristic parameter are related
to many factors, changing range is very large, so we
can’t give quantitative damage precursors. However,
amplitude, the RMS and ASL can give quantitative
characterization, such as the RMS voltage of 0.7 V as
the precursor of the destruction, the phenomenon of
the amplitude more than 95 dB as an early sign of
damage, etc.
The relationship between the damage and
temporal characteristics is not obvious, so we would
better not use this parameter to analyze rock damage.
But we can use this parameter to analyze acoustic
emission source properties. Peak frequency, inverse
frequency and the center frequency can't reflect the
nature of the acoustic emission source, and the
average frequency and the initial frequency can
reflect the nature of the acoustic emission source.
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