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Abstract  

The European standard EN13477-2:2010 “Non-destructive testing – Acoustic emission – Equipment 

characterisation – Part 2: Verification of operating characteristics” specifies methods for routine verification of 

the performance of AE equipment, comprising one or more sensing channels. It is intended for use by operators 

of the equipment under laboratory conditions. Due to the many different hardware modules of an AE system, e.g. 

sensors, preamplifiers, cables, signal processors and computer, and the many measurement functions modern AE 

equipment provides, a complete equipment verification demands a good understanding of the measurement 

functions, and a lot of time for the generation of many different test signal patterns. Hence, an important aspect 

of the equipment verification design is the use of automated procedures for test signal generation and 

measurement result verification. The paper deals with the current status of the mentioned European standard, 

some of its strengths and weaknesses. Some proposals of improvements are discussed.   

Keywords: AE instrumentation verification, AE system verification  

1.  Introduction  

[1] lists 20 standardization institutes, two European wide and some national and international 

ones. These institutes created and maintain more than 200 standards (also listed there) dealing 

with Acoustic Emission (AE). That list is just a snap shot and does not claim completeness.   

The European CEN Technical Commission TC138 is dedicated to create for each accepted 

nondestructive testing (NDT) method a set of so-called reference-standards, dealing with   

- terminology,   

- general principles, and   

- verification of instrumentation.   

TC138 Working Group 7 (WG7) is responsible for the creation and revision of such standards 

for the acoustic emission testing (AT) method. Instrumentation verification is referenced in 

almost all AT application standards, so it shall be well accepted on both sides, the instrument 

producers as well as the instrument users.  

2.  Status of EN13477-2:2010  

There are several standards available dealing with the verification of AE instruments by the 

normal operator. See [2] to [4] with no claim to be complete. However, the concerned EN 

Standard deviates from the other standards in so far, that it tries to give the practitioner more 

than just a list of what has to be done, but also how it has to be done.  

This work cannot address all details of that standard. It concentrates on few examples where 

EN13477-2:2010 differs from the other mentioned standards.  
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2.1  Verification of the electrical shielding of an AE sensor.  

Concerning AE sensor verification, the referenced standards concentrate on the sensitivity 

verification of an AE sensor. Rather often, an AE sensor is in direct or capacitive contact to an 

electro-conductive surface carrying high frequency voltage pulses. A defect of the electrical 

shielding of an AE sensor causes that the sensor’s AE signal is disturbed by pulses, picked up 

from the environment. This can be a very important point with applications of partial discharge 

analysis, but also with test objects that are connected to earth far away from the earth of the AE 

system.  

Those undesired pulse disturbances on the AE signal should be suppressed by the sensor’s 

shield. If this shield is not well functioning, the disturbances cannot be distinguished from the 

interesting AE and may lead to misinterpretations. Therefore, the operator of an AE 

instrumentation should be in the position to verify the shielding quality of an AE sensor.  

EN13477-2:2010 includes chapter “5.3.3 Verification of electrical shielding”, where the 

operator gets a description and a block diagram for the shielding verification setup.  

  

  

Figure 1.  Shielding verification setup (Figure 6 in EN13477-2:2010)  

This verification setup generates a continuous AC voltage at the shielding test plate. A part of 

the AC voltage is coupled into the sensor and appears on the sensor output, depending on the 

sensor’s shielding quality. The manufacturer has to define the acceptance criteria as 

a “shielding ratio” of the AC-signal level on the sensor’s output divided by the signal level on 

the test plate. A poor shielding quality results in a ratio of -40 dB or less, a perfect shielding 

quality may result in a ratio of -80 dB or more.   

2.2  Additional test signals from an Arbitrary Function Generator  

Formerly, so-called AE –calibrators were used to perform a verification of the feature 

extraction functions of an AE signal-processor, because only those instruments provided 

reproducible AE-like burst signals. Those AE-calibrators were not computer controllable, and 

only very few values were settable e.g. for rise time, decay time and duration of a burst. 

The 2010 release of EN13477-2, in chapter 3.2, introduces the arbitrary function generator 

(AFG) as a source of certain test signals, with the advantage that test signals are computer 

controllable, of higher precision and of lower drift behaviour than signals from the available 

AE calibrator models. Arbitrary function generators allow for the stimulation of purer signals, 
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such as the sin2-modulated sinewave in a wide variation of amplitude, frequency, and timing 

parameters.  

Even by simple sequences of instructions (scripting), a wide variation of pre-defined test 

signals can be quickly generated what saves a lot of working time, compared to the use of an 

AE calibrator.  

Figure 2.  Sin2-modulated sinewave test signal from an AFG 

Figure 3.  Triangle-modulated sine wave test signal from an AE calibrator. 

By comparing the FFT on the right part of Figure 2 and 3, its easy to discover that the 

frequency purity of the signal in Figure 2 is about 60 dB (90 – 30) compared to about41 dB 

(60-19) of the signal in Figure 3.   

Extract of EN13477-2:2010 showing the formula for the generation of the sin2-modulated 

sinewave:  

“U[N] = UP x sin(N x 2 x π / SpSW) x sin2(N x π / (SpSW x SWpB)) 

N = 0 to (SpSW x SWpB)), in integer steps 

where:  

N  = number of each sample in time order.  

SpSW  = Samples per sine wave (48 in Figure 2) 

SWpB  =  Sine waves per burst (41 in Figure 2)  

U[N] = Voltage of sample N  

UP  = Peak amplitude (100 mV in Figure 2) of simulated burst” 

2.3  Proper definition of signal acceptance criteria at low-end signal levels  

The acceptance criteria for the accuracy of the amplitude, and amplitude-related values like 

threshold, signal strength and energy, is not trivial. It is not sufficient to simply state an 

acceptable deviation in dB, especially at the lower end of the signal level, because of effects 

of the digitization and noise. Each analogue-to-digital converter (ADC) offers a certain 
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minimum resolution depending on the number of bits processed. A 12 bit value comprises the 

numbers 0 to 4095 (=212 -1)  or -2048 to +2047. The smallest digitization step of a 12-bit 

ADC is therefore 1/2048 or 488.3 ppm (ppm = parts per million) of the maximum amplitude.  

At a maximum amplitude of 100,000 µV (=100 dBAE), the resolution of a 12-bit ADC is 

48.83 µV (100,000µV/2048). As a rule of thumb, the lowest value of interest should be at 

least 10 times the ADC resolution, here, 488.3 µV or 53.8 dBAE. With each additional bit the 

resolution is halved. A 16-bit ADC has 1/16th the resolution of a 12-bit ADC, namely 

3.051 µV, and can reasonably handle signal levels down to 30.5 µV or about 30 dBAE.   

Beside of the resolution, an ADC contributes by a so-called digitization noise to the 

uncertainty of the digitized result. For the definition of a precise and reproducible acceptance 

criterion for the digitization of any signal level, EN13477-2:2010 requests the expression 

“MA + MB”, to be specified by the system manufacturer.   

MA shall be expressed as the acceptable amplitude deviation in dB, MB shall be expressed in 

µV at a given range, e.g. 100dBAE. The acceptance criterion for a typical AE signal-processor 

with 16-bit ADC may be specified to MA+MB = 0.5dB + 6µV at range 100dBAE  

3. Suggestions for improvements of EN13477-2:2010  

3.1..Systematic deviations between measurements and test signal settings   

This concerns a questionable statement, overtaken from the first (2001) release of EN13477-2. 

Excerpt of chapter 7.1: “Verification of the acoustic emission measurement system shall be 

performed by comparing the measured values of the AE parameters (…) with the actual 

values read from the calibrated test instruments.”  

 

  

Figure 4.  Measurement of risetime, duration, counts, energy begins with first threshold crossing and 

ends with last threshold crossing.  

  

This formulation does not consider some systematic deviations between measured values 

and settings of the test signal generator, e.g. due to   

a) the threshold dependence of some measured values (see Figure 4) and   

b) the possible modification of the test signal by channel-internal frequency filters 

(see Figure 5).   
  

  

Measurement  

begins here   

Measurement  

ends here   

positive. threshold   

negative. threshold   
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In consequence, the abovementioned simple comparison would lead to missing some 

acceptance criteria and to unnecessary rejections.  
  

 

  
Figure 5. Influence of band-pass filter characteristics on the shape (begin and end) of the internal AE signal.  

Top: band-pass bypassed, mid: band-pass 25-500 kHz, bottom: band-pass 95-300 kHz  

  

3.2  Practical filter roll-off measurement at poor signal-to-noise ratio of a test signal  

Chapter 6.3.3 of EN13477-2:2010 describes correctly the filter roll-off verification. 

In practice, the test signal from the AFG may have noise and harmonics added that may leave 

a poorly disturbed signal at the filter output after the 48 dB roll-off attenuation, see Figure 6.   

  

  
  

Figure 6.  Noisy test signal of 47.5 kHz (0.5 x FHP; FHP =95 kHz) after a 95 kHz high-pass filter of 8th order  

  

A hint should be added explaining that the “HP roll-off” attenuation can be verified at 0,707 x 

FHP (0.50.5 instead of 0.5 x FHP), the measured attenuation in dB is then only 24 dB instead of 

48 dB and can be multiplied by two in order to reflect the attenuation at 0.5 x FHP.   

Respectively, the “LP roll-off” attenuation can be verified at 1.4142 x FLP (2.00.5 instead 

of 2.0 x FLP), with the measured attenuation in dB multiplied by 2.  
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Figure 7. Bandpass characteristics reproduced in EN13477-2:2010 Figure 9. 

Recommended measurement points at 0.50.5 x FHP and 2.00.5 x FLP, marked by red circles. 

  

3.3  Adaptation of different acceptance criteria for AE systems of different performance  

Table 3 in EN13477-2:2010 defines a series of verification setups for an AE system that is 

capable for all AT-testing applications defined in the CEN standards. However, some 

applications may not need all the specifications defined by Table 3. For applications, that, e.g. 

need less sensitivity and a lower dynamic range, the manufacturer should be in the duty to 

provide an alternative Table 3 suited for that special application.  

4.  Conclusion  

The paper has outlined a few strengths and weaknesses of the current release of 

EN134772:2010 and proposes some suggestions for improvements.  
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