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Acoustic emission testing is a well-known and versatile inspection method for structural health monitoring and 
non-destructive evaluation of several components found in the petrochemical industry, such as pressure vessels, 
pipelines and storage tanks. The sensitivity and reliability of the method is affected by spurious signals 
(background noise) from technological process or the environment. This paper presents current investigations 
aimed at developing and implementing an algorithm based on adaptive filtering with the purpose of minimizing 
the background noise impact. An experimental setup has been developed to simulate an acoustic emission testing 
of a component under stress. Adaptive filter algorithms have been implemented and tested for detecting and de-
noising the AE signals obtained when the reference tests are subjected to mechanically-induced stress. 
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1. INTRODUCTION  

Acoustic emission (AE) is a passive diagnostic method in which AE sensors detect the transient elastic waves 
radiated by a structure under operational stresses, allowing this way to localise and evaluate active defects such 
as cracks, leaks and other mechanical damages. Existing practices and instruments of AE require to use threshold 
data recordings aimed at minimizing the impact of the background noise in the final results, however is most cases 
this approach can not be  implemented to the diagnostic of operating pressure vessels if the signal-to-noise ratio 
(SNR) is less than 1. Current advances in digital signal processing such as adaptive filtering hasn’t been yet 
implemented in AE systems, but the interpretation and analysis of data under the presence of high amplitude noise 
have been widely studied in other fields that are related to the AE diagnostics of industrial components. This paper 
study the concepts found in seismic-acoustic emissions [1], and digital filtering noisy speech signals [2] in order 
to develop a robust methodology of signal processing when inspecting in-service pressure vessels. 

2. PROPOSED APPROACH TO INVESTIGATE THE IMPLEMENTATION OF ADVANCED 

SIGNAL PROCESSING ON AE DATA 

2.1 EXPERIMENTAL SETUP   

An experimental setup (Fig.1, a) has been developed to simulate an acoustic emission testing on carbon steel 
plates subjected to mechanical stress. The specimens under investigations are made of grade 44W steel and 
thickness of 6.35, 12.7 and 15.875 mm. Furthermore, the plates present circular shape (420 mm diameter) in order 
to provide a more homogeneous stress distribution. The samples tests have defect irradiators such a notch aimed 
at simulating the growth of crack-like flaws.   

The stress is been applied to the samples using a hydraulic cylinder with force capacity up to 117kN and powered 
by a manual pump. The force applied to the specimens is monitored and controlled by using a high accuracy load 
cell connected to a data acquisition card and digital meter and also by the readings of the manometer installed in 
the hydraulic system.  

The rate of defect growth that takes place during the application of the stress is monitored by an eddy current 
probe connected to a data acquisition card. This approach allows the monitoring of the defect growth synchronized 
with other experimental parameters aimed at precisely selecting the acoustic emission signals inherent to the defect 
growth. The detection and registration of acoustic emission waves is made using wide band AE sensors and high-
resolution data acquisition card. Raw data obtained from the experiments is recorded and analyzed via LabVIEW 
[3] while further signal processing is carried out using the Simulink toolbox of MATLAB.   
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2.2 PRINCIPES OF SIGNAL FILTERING   

Adaptive filters (AF) are widely used in different fields of NDT&E mainly for the suppression of acoustic and 
electric noises. A usual scheme of the AF (Fig.1, b) has two inputs: a reference noise signal n1, not correlated 
with the desired/useful signal, s but directly correlated with the noise n0; and the combination of signals s+n0. 
The task of AF is to transform the input signal to maximally approximate it to the reference signal. Once the 
filtering process is carried out, an estimate of signal noise is obtained since the only noise component of the input 
signal is correlated with the reference signal. The subtraction of the error signal e from the input signal will yield 
the useful signal [4].  

For the case of the non-destructive evaluation of pressure vessels, the AF uses single input scheme with blind 
adaptation algorithm. This input receives a mixture of noise and potential useful signal from the flaws present in 
the tested object. The principle of this filtration algorithm is that it uses a delayed input signal as a virtual reference 
of noise non-correlated with potential useful signal. The minimization of the error in determining the error signal 
is performed the least square algorithm. During the implementation of this approach firstly AE signals without 
applied noise have been obtained by the experimental setup and the signals are artificially contaminated by noised. 
To approximate the study to real conditions, the filtering process is the implemented to the AE signals from 
stressed test samples.   

3. CONCLUSION 

The present work will demonstrate that the acoustic emission testing of in-service equipment in highly noised 
environments can be possible without losing the useful signals. The results show the potential applicability of this 
approach for detecting acoustic emission signals from defects in pressure vessels with high level of background 
noise.  
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Fig. 1 a) schema of experimental setup; b) schema of adaptive filter  


