
J. Acoustic Emission, 20 (2002) 300 © 2002 Acoustic Emission Group

LEAK DETECTION BY ACOUSTIC EMISSION USING SUBSPACES
METHODS

AMANI RAAD1,3, FAN ZHANG2,3 and MÉNAD SIDAHMED1,3

1 UTC, Laboratoire Heudiasyc, F60205 Compiègne, France
2 CETIM, F60304 Senlis, France
3 LATIM (CNRS/UTC/CETIM)

Abstract

This paper deals with the leak detection by using AE signals. A method called subspace
method is introduced and compared with the classical cross-correlation method. A brief review
of the theory of both methods is presented. Application of these methods to industrial signals
from a test bench of CETIM demonstrates the effectiveness of this subspace method for leak
detection and shows the limitation of the cross-correlation method.
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1. Introduction

For a long time, the detection of leaks constitutes a crucial problem due to the diversity of
applications. The consequences induced by the apparition of leaks are multiple and dangerous
because they can generate a local dysfunction, which can lead to the ruin of all the system. It is
imperative to detect them as soon as possible. Thus, the need for detecting the leaks in an early
moment is related to safety constraints and environmental protection reliability. The need is also
of a financial nature, because it is easier and less expensive to secure a small crack than to start
an emergency procedure to stop a large leak. Losses are evaluated in terms of maintenance cost
and non-production cost.

Several systems of detection have already been used but they make it possible only to detect
big leaks [1 - 3]. With an aim of replacing these systems by more powerful digital systems,
various approaches are being studied of which the method of acoustic emission (AE) constitutes
one of the principal candidates because it showed during pressure tests a great sensitivity.
Several studies were carried out, by various authors and especially in CETIM, to detect, localize
and characterize leaks for nuclear or thermal power stations. Nevertheless, most of the
techniques are based only on simple methods such as cross-correlation or interferometry. Some
studies used time-frequency methods [4] or neural networks [5]. The principal objective in this
paper is to research methods of detection and localization, based on signal processing. We
propose in this study to use a method based on high-resolution techniques, which are developed
and applied in the fields of sonar, radar, telecommunications, geophysics and biomedical signal
processing.

This method is under certain conditions insensitive to the signal to noise ratio. This is of
interest because the classical method based on cross-correlation function has this major draw-
back. The method is based on the SVD (Singular Value Decomposition) of the cross-spectral
matrix issued from the AE sensors signals. The paper describes this method and compares it, on
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the basis of simulated data and experiments conducted in CETIM, with the classical cross-corre-
lation method. The paper is organized as follows: A review of the method of cross-correlation;
The high-resolution or subspace method; Applications of these two methods, concerning
simulated signals and industrial AE signals from a test bench of CETIM.

2. Correlation Method

The correlation method is a classical method, which was proposed to localize AE sources by
using the delays observed on an array of sensors [6]. Otherwise, the autocorrelation function
presents good performance in pure detection. In a matter of localization, the cross-correlation
function was used to improve the AE techniques used for monitoring of the primary circuits in
the nuclear power stations [1]. Despite the simplicity of the method, it encounters difficulties for
the interpretation, and presents weak performances, which are due to the violation of the
decorrelation assumptions and especially to the presence of parasites, which do not correspond to
an effective delay. Moreover, these methods degraded completely in the presence of the noise.

We present a brief review of the method in the case of a linear localization, i.e. two sensors.
The flow of the fluid through the leak generates a noise (fluctuations in pressure), which is
propagated from its origin to both sides, s(t). The AE signals in the two extremities of the pipe A
and B have additive noise, b1(t) and b2(t), respectively. These noises, in general Gaussian, are
uncorrelated between them, and with )(ts . The following equations can then be obtained
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αA and αB are the coefficients of diffusion between 0 and 1; dA and dB the distance from the leak
to each sensor A and B and c is the propagation velocity.

The cross-correlation between SA and SB can be expressed as the following:
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RAB(τ) is no more than the autocorrelation function of SB(t) with a delay of τ0 and a
multiplicative coefficient. The maximum of the cross-correlation can predict the leak position by
the determination of the value of the delay.

3. Subspace Methods

3.1 Introduction
We introduce the high-resolution techniques called subspace methods. These methods

constitute a significant tool used in various applications such as sonar, radar, telecommuni-
cations, geophysics, biomedical fields and the non-destructive testing [7]. These methods have
been developed in array processing and especially in submarine acoustics. But they seem not to
be applied to detect leaks. The advantage of these methods comes from their high resolution even
in the presence of noise. Contrary to the traditional methods, its asymptotic performance are not
limited by the signal-to-noise ratio (SNR). They use the decomposition of the observation space
into a signal subspace (or source) and a noise subspace [8, 9].
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3.2 Assumptions
The object of these methods is to characterize several sources received on an array of

sensors. The model of propagation is linear and stationary. These sources must be perfectly
coherent and statistically independent. In addition to the sources, all the noise sources are
supposed to be known and uncorrelated between them. Moreover, the sources and the
background noise must be statistically independent. Finally, it is necessary that the number of
sources is lower than the number of sensors in order to be able to separate the sources.

3.3 Description of the method
First, a vectorial signal )(tx  is introduced where the kth component corresponds to the signal

received on the kth sensor. )(tx  can be written as follows:
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where Si(t) is the i-th source signal and b(t) is the background noise.

Taking into account the mutual decorrelation between sources and noise, the correlation
matrix is then equal to:
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The FFT of the equation gives the following result:
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where Γ(f) presents the total cross-spectral matrix, Γb(f) is the correlation matrix of noise. Γs(f),
the total cross-spectral matrix of sources can be decomposed into a sum of Γi(f), the cross-
spectral matrix of the source i.

The estimation of the source number is based on the decomposition of the cross-spectral
matrix Γ(f) into eigenvalues and eigenvectors. In practice, Γ(f) is an estimated matrix and no
eigenvalue is really zero. The number of higher eigenvalues corresponding to signal subspace
determines the number of existing leaks.

The decomposition of the matrix Γ(f) into eigenvalues and eigenvectors gives:

- P eigenvectors Vi are the eigenvectors of the source matrix Γs(f), which correspond to the
higher p eigenvalues of Γ(f). These p eigenvectors constitute the signal subspace of
dimension P.

- K-P eigenvectors where the eigenvalues correspond to the variance of the noise, and
therefore are less than the other eigenvalues. These eigenvectors constitute the noise
subspace.

4. Applications

4.1 Cross-correlation method

a) Simulated signals
Simulated signals consist of damped sinusoid with additive white Gaussian noise in order to

approximate AE signals. In the case when there is no leak, the cross-correlation of the two
sensors is a sequence of white noise. However, in the other case, the cross-correlation can make
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it possible to determine the leak position. Figure 1 shows the presence of a peak appearing at 300
samples, corresponding to the delay between the first and second sensors. The assumption of
decorrelation must be strictly respected; if not, the result of the cross-correlation could be
distorted. The notion of SNR is a dominating factor for the final comparison of the performances
of the two methods, and a comparison with a case of low SNR proved to be necessary. Figure
1(b) shows the result of the cross-correlation in the case of a simulated signal with low SNR. It
appears that the peak that defines the leak position degrades in favor of the peak at zero. This
confirms the degradation of the method performances due to the low SNR.

(a)

     (b)
Fig. 1. Cross-correlation between two sensors in the case of leak (a) High SNR (b) Low SNR.

b) Real signals
Experiments have been conducted on an industrial test bench of CETIM. It consists of a

compressed-air line of 2.5-cm diameter, in which it is possible to control the leak level. Two
broadband AE sensors are used, the leak being generated between the two sensors. The sampling
frequency is equal to 10 MHz. Figure 2 presents 10,000 samples of AE signals for various cases:
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without leak, small and large leak. Figure 3 shows the result of cross-correlation of AE signals
when there is no leak. It is normal to obtain the white noise sequence with a zero delay.

To complete the analysis, tests on AE signals coming from a small and large leak have been
carried out. Figure 4 shows clearly the distinction between presence and absence of leak in the
cross-correlation signals. The correlation tool proves to be a powerful tool for the leak detection.
However, the limitations of the method in localization appear obviously. Indeed, there exist in
the two cases several parasitic peaks distorting the exact value of delay. Moreover, there is no
difference between small and large leaks.

samples
Fig. 2. Acoustic emission signals in three cases: (a) no leak, (b) small (c) large leak.

samples

Fig. 3. Cross-correlation in the case of no leak.
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Fig. 4. Cross-correlation in the case of (a) small, (b) large leak.

4.2 Subspace method
a) Simulated signals

Simulated signals consist of one simulated sinusoidal source with 60-Hz frequency and 4
sensors with a respective delay of 0, 300, 600 and 900 samples. The subspace signal is one
dimension and the subspace noise is three dimensions. The noise eigenvalues tend roughly
towards zero. Figure 5(a) shows the evolution of the eigenvalue of the signal subspace with
frequency. In this figure, the characteristic peak of the source frequency appears clearly. The
eigenvalue evolution is thus an image of the sinusoidal signal in the frequency domain. To obtain
the delay between sensors and source, the source eigenvector must be computed. It corresponds
to eigenvalue at 60 Hz. Figure 6 presents the evolution of the magnitude and phase of the
eigenvector components according to frequency. The delays obtained at frequency 60 Hz are [0,
-0.3737, -0.7462, -1.1135]. The subspace method is very robust against the noise. Even if the
SNR degrades considerably, the separation between sources and noise is easy to obtain. The
degradation takes place only in the figure of the eigenvalue evolution. Figure 5(b) shows the
presence of the parasitic peaks in the eigenvalue evolution.

Fig. 5. Evolution of the eigenvalue of source with frequency (a) high SNR, (b) low SNR.
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Fig. 6. Evolution of the magnitude and phase of the eigenvector components with frequency.

 

Fig. 7.  Evolution of the eigenvalue with frequency for 3 cases: no leak, small and large leak.
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b) Real signals
In this section, tests concern the same industrial signals from CETIM test bench. Filtering is

a significant factor in this study. If the AE signals obtained from the sensors are not filtered, the
subspace signal is equal to zero. Therefore, all tested signals are filtered broadband around 100
kHz. Figure 7 shows the eigenvalue evolution of the subspace signal for three cases: no leak,
small and large leak. For example, in the case of small leak, the maximum eigenvalue does not
correspond exactly to the sensor frequency. A broadband subspace method appears to be an
excellent method for classification between small and large leaks.

5. Conclusion

This paper deals with a method for leak detection using acoustic emission. The subspace
method is introduced and compared with the classical cross-correlation method. The subspace
method proves to be a powerful tool for the detection and classification of leaks. Its power
derives from the immunity against noise. Comparison of the two methods showed the limitations
of the cross-correlation method due to the signal-to-noise ratio, the high capacity of the proposed
method to detect the leaks, even ‘small’ leaks, and its insensitivity to signal to noise ratio.

We were only concerned with the leak detection and not the localization. This aspect is more
difficult because it requires the knowledge of the propagation speed in the considered medium, at
the specific frequencies. This is however under study.

Acknowledgements

The work is funded within the common laboratory LATIM (CETIM/UTC/CNRS).

References

[1] Cécile Cornu, Study of a cross correlation technique for leak localisation on power primary
circuits by acoustic emission, Commissariat à l'énergie atomique, France, 1993.
[2] D.S. Kuppermann, T.N. Claytor, T. Mathieson, and D. Prine, Leak-detection technology for
reactor primary systems, Nuclear Safety, 28(2), April-June 1987, 191-198.
[3] Pascal Boulanger, nouvelles méthodes de détection et de localisation de fuites Par émission
acoustique, Thèse de doctorat, Université de Paris XI Orsay, 1993.
[4] E. Serrano, M. Fabio, Detection of a transient signal by the wavelet transform, International
conference Sao Paolo, Brasil, 1992, pp. 94-97.
[5] M.C. Parpaglione, Neural networks applied to fault detection using acoustic emission,
International conference Sao Paolo, Brasil, 1992, pp. 71-75.
[6] James Roger, Essais non destructifs, L'émission acoustique: Mise en œuvre et applications,
AFNOR-CETIM, 1988.
[7] Sylvie Marcos, Les méthodes à haute résolution: traitement d'antenne et analyse spectrale,
Edition HERMES, Paris, 1998.
[8] Georges Bienvenu, Influence de la cohérence spatiale du bruit de fond sur la résolution de
sources ponctuelles, Colloque national sur le traitement du signal et ses applications, Nice, Avril
1977.
[9] J.L. Lacoume, B. Bouthemy, F. Glageaud, C. Latombe, Use of spectral matrix for sources
identification, Spectral Analysis and its use in underwater acoustics, Proceedings of the Institute
of Acoustics, Imperial College, London, 29-30 April 1982.


