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Experimental Study of Passive Defect
Localization in Plates Using Ambient Noise

Lynda Chehami, Julien de Rosny, Claire Prada, Emmanuel Moulin, and Jamal Assaad

Abstract—Passive listening methodology has been shown to
be a practical and effective method for passive structural health
monitoring. In this work, this approach is applied experimen-
tally to monitor the occurrence of defects in thin aluminum
plates. A correlation matrix is estimated from noise vibrations
recorded on a transducer array. A defect is localized by ap-
plying a beamforming algorithm to the difference between the
correlation matrices obtained with and without the defect. We
successfully detect defects for different kinds of noise sources.
Moreover, we show that this technique is robust to detect
massive inclusions, holes, and cracks. With a vibrometer, we
observe that the fidelity of the estimated transient responses
strongly depends on the number of uncorrelated noise sources.
Finally, we show that the defect is successfully localized even
if the noise source distribution is not uniform, provided that
it remains spatially stationary between the states with and
without defect. A simple theoretical framework is proposed to
interpret these results.

I. INTRODUCTION

IN everyday life, we naturally derive benefit from noise
sources. Indeed, the eyes build an image from the noise
radiation emitted by the sun, for instance. In underwa-
ter acoustics, vessels can be localized by beamforming the
noise that they generate. However, in 2001, Weaver and
Lobkis proposed a new way to exploit noise fields [1]. They
have experimentally shown on an aluminum block that
the cross-correlation of elastic noise between two receivers
provides the transient response between the two receiver
positions as if one of them acted as an elastic transient
source. For very wideband noise sources, the transient re-
sponse can be interpreted as the Green’s function G. This
result takes its roots in the fluctuation-dissipation theo-
rem [2], [3]. This property is not limited to thermal noise
sources, but applies to any noise source distribution that
generates an equipartitioned wave-field [4].

In fact, in some situations it is desirable to avoid the
need for active energy sources, so the major interest of
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this result is the estimation of the transient response
without requiring any energy source. This property had
been used implicitly before 2001. For instance, in seismol-
ogy, Weller [5] proposed a patent in 1974, and Claerbout
[6] extracted ground layer information from ambient seis-
mic noise correlation in 1968. More recently, by cross-
correlating the fluctuations of light emitted at the surface
of the sun, Duvall at al. [7] deduced the internal structure
of the sun. The main application of the Green’s function
extraction from the noise correlation function (NCF) is in
seismology, where Artman [8] and Shapiro and Campil-
lo [9] have demonstrated the universal interest. Passive
Green’s function estimation also offers promising applica-
tions in other domains ranging from ultrasound [10], [11]
and underwater acoustics [12], [13] to medical imaging
[14]. Only a few works are devoted to structural health
monitoring. In this field, a pioneer work consisted of using
the traffic excitation to recover resonant frequencies and
modal damping of a bridge from noise cross-correlation
[15]. Later, this approach has been applied to extract
the Rayleigh-Lamb Green’s transient responses on plates
[16], [17]. The method is sufficiently sensitive to observe
the elastic signature of a plate defect on the cross-corre-
lation [16]. To localize a defect, an original method has
been proposed [18] that is particularly efficient when the
noise source distribution is not uniform. Recently, based
on numerical simulation results, we have shown that we
can apply a simple beamforming algorithm on the cor-
relation matrix recorded by an array of transducers to
efficiently localize a defect [19].

In this work, for the first time, we experimentally vali-
date this approach for the detection of defects in alumi-
num plates between 10 and 40 kHz. Several artificial de-
fects are successfully detected: metallic cylinders, holes,
and cracks.

The paper is organized as follows. In Section II, we
study the accuracy of the Green’s function estimation
with respect to the number of uncorrelated noise sources,
using a laser vibrometer. In Section III, a pair of cylindri-
cal magnets is used as a defect. The correlation matrix is
measured with and without the defect. The beamforming
is then processed on the differential correlation matrix,
leading to a precise localization of the defect. Several kinds
of noise sources are tested: controlled or natural sources.
In Section IV, we show that the method is still robust for
localizing more realistic defects such as holes, massive in-
clusions, or even cracks. Finally, in Section V, the effect of
the distribution, the stationarity, and the number of noise
sources on the ability to localize a defect is quantified.
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II. GREEN’S FUNCTION RETRIEVAL FROM A FINITE
NUMBER OF SOURCES ON PLATE

In thin plates, because of top and bottom stress-free
boundary conditions, only three thickness modes can
propagate: Sy, SH, and A [20]. At very low frequency, the
Ay mode, also called flexural mode, dominates the normal
displacement and is preferentially generated by surface
excitation. In highly reverberating plates (low acoustic at-
tenuation), the three modes (and in particular A,, which
we are mainly interested in here, for the reasons invoked
previously) undergo multiple reflections at the boundaries.

We assume that there are Ng uncorrelated noise sourc-
es distributed over the plate, and that all of them have
the same statistical properties. By definition, the cross-
correlation of the normal components of flexural noise
field recorded by two receivers at positions r; and r; is
given by

G(ri7rk7 7t) ® G(rja T, t) ® Rn(t)a (1)

where G(r;rp,t) is the Green’s function from point rj to
point r; R, is the auto-correlation of the noise generated
by each source, and ® denotes convolution.

By decomposing the field over the eigenmodes of the
plate, we have shown that the correlation function can be
expressed [19] as

Cij(t) = [G(rivrj7 ) — G(r;, T -t @ f(t) + nij(t)’ (2)
where the time-dependent function f(¢) can be seen as an
equivalent source term that can be expressed as

N7, [t
1) = g5 | Ru()ar.

where h is the plate thickness, p is the volume density,
and S is the plate surface area. All kinds of loss (intrinsic
dissipation, acoustic emission in air) are included in the
damping term 7,.

Eq. (2) means that the Green’s function between the
two measurement points is contained in the cross-corre-
lation of passive recordings at the same points. However,
the cross-correlation also includes an unwanted term n;(t)
that degrades the estimation of the Green’s function. Its
full expression involves cross-modal terms [19]. We have
shown that the larger the number of noise sources, the
smaller this unwanted term. It should be noted that if
the noise sources are uniformly distributed over the plate
surface (idealized case), then n(t) is zero.

We propose to experimentally validate and quantify
this result, but because it is difficult to control numerous
uncorrelated noise sources, we will estimate the cross-cor-
relation function using the reciprocity theorem. Consider-
ing a time-dependent (deterministic) function ¢ such as
q(7) ® g(—7) = Ry(7), (1) can be rewritten as

Aluminum
Doppler plate A
vibrometer
T1 —
¢ S
T2 3
¢

\/
o

Fig. 1. Schematic view of the experiment: two thin transducers, T1 and
T2, are glued on one side of a 3-mm-thick plate. On the other side, a
Doppler vibrometer mounted on an X-Y displacement stage records the
normal velocity.

Cy =) [Gryr,—t) @ ()] @ [G(x),r),t) @ q(t)]. (3)

In other words, the correlation function Cj; can be equiva-
lently estimated by using the receivers as emitters and
recording the signal at chosen “source” locations.

The corresponding setup is shown in Fig. 1. The study
is performed on a 3-mm-thick aluminum plate of 100 x
50 c¢m? size. Two transducers (T1 and T2) are glued on
the plate at positions ry and ry and will be successively
fed by a signal ¢(f) generated by an arbitrary waveform
generator. On the other side, the normal velocity is re-
corded by a Polytec laser vibrometer (OFV 505, Polytec
GmbH, Waldbronn, Germany; velocity decoder with cut-
off frequency of 250 kHz) mounted on a two-axis displace-
ment stage and the sampling rate is fixed by the acquisi-
tion card (MOTU 828X, MOTU Inc., Cambridge, MA,
USA) at 96 kHz. In this manner, 2-D scans of the tran-
sient responses induced successively by both transducers
are recorded. The transient responses are recorded at 170
points inside a 90 x 45 cm rectangle (therefore covering
almost the whole plate surface), with a spatial sampling
interval of 5 cm. We collect 170 x 2 transient responses:
G(r;rpt) ® ¢(t), with k = (1,...,170) and 7 = (1,2). By
selecting random subsets inside the 170 responses, we can
study the effect of the number of noise sources N; on the
quality of the transient response estimations. To increase
the signal-to-noise ratio, we use a pulse-compression tech-
nique. Thus, the emitted signal ¢(¢) is a 62.5-ps-long chirp
with a linear frequency modulation ranging from 100 Hz
to 40 kHz, whose autocorrelation is a short-duration time
function. Then the experimental correlation function Ciy
can be constructed according to (3). (Note that because
we use only two transducers in this experiment, we set i
=1landj=2)

For positive times, we can compare the correlation
function Cjo to the causal term G(ry,ro,t) ® f(t) of (2)
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Fig. 2. (a) Cross-correlation Cjy obtained with 170 virtual sources plotted for positive time (blue curve) and the active transient response (magenta
dashed line). (b) Plot of the RNL defined in (4) (the relative unwanted contribution level) (blue line), fitted by a 1/N; law (red dashed line) in

logarithmic scale.

(denoted as the active transient response; see [19] for more
details). This comparison is shown in Fig. 2(a), for N, =
170 noise sources. The agreement is very good, showing
an efficient passive reconstruction of the Green’s function
(at least in the considered frequency range) because of a
significant reduction of the unwanted term n;s.

Now we will take this correlation for the 170 sources as
a reference (denoted C73), in the objective of quantifying
the degradation of the reconstruction when the number of
sources Ny decreases. Therefore, we compute the following
relative-to-noise level (RNL), for different values of Nj:

[y - cx)a
[©)at

RNL(N,) = ; (4)

where C¥ is the experimental correlation obtained by
summing over Ny virtual noise sources.

This RNL of the passive Green’s function reconstruc-
tion is represented (logarithmic scale) in Fig. 2(b), as a
function of Ny (in blue). It can be observed that the ob-
tained curve is well fitted by a 1/ N; law (red dashed line).
This can be explained by the fact that for a small number
of noise sources, the unwanted term n;y can be approxi-
mately described as a sum of N, uncorrelated zero-mean
random values. In consequence, its energy grows linearly
with N;. The energy of the term G ® f[see (2)] increases
naturally as N2 These considerations explain why the
RNL varies as 1/N; on Fig. 2(b) when Ny < 50. For larger
N values, the assumption of uncorrelated sources might
become doubtful and the fact that the chosen reference
Cf5 is slightly different from the perfectly reconstructed
GF (i.e., Gyo) makes the experimental curve differ from
the theoretical 1/ Ny law.

Finally, it should be noted that the Heisenberg time
Ty (or modal density) for the plate considered here is
approximately 50 ms, which is slightly lower than the re-
verberation time TR (approximate signal duration). In the
opposite case (Tg < T§), the modes would not be resolved

whatever the recording time. However, this would not pre-
vent accurate reconstruction of the Green’s functions, pro-
vided that all of the transient response is recorded and
there are enough noise sources, as will be observed in the
experiments of the next section.

III. APPLICATION TO DEFECT LOCALIZATION

As shown numerically in a previous work [19], this
principle of passive Green’s function reconstruction can
be used to localize a local change (defect) in a plate. In
this section, we intend to confirm this possibility experi-
mentally under various noise source conditions.

The experiment is performed on a 3-mm-thick alumi-
num plate of dimensions 1.5 m by 1 m (see Fig. 3). The
corresponding Ty is of the order of 160 ms. However,
because Ty is approximately 35 to 40 ms, the recording
time will be set to 40 ms, which will be sufficient here, as
will be observed. To minimize the coupling with the sup-
port, the plate is isolated from the table with polystyrene
blocks. Eight transducers are glued on the plate surface.
In this experiment, they are approximately equally dis-
tributed on a quasi-circular contour. This particular shape

Aluminium plate

Magnet
Z=9mm

Coupling-.

oy

P?)Iys'tyrene patches

Fig. 3. Experimental setup: the eight piezoelectric transducers are used
only in reception.
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Fig. 4. Beamformed images obtained for two defect locations (circles) in decibels. The correlation matrix is built from the signals recorded on 8
transducers (crosses). The vibrations are successively generated by 20 transducers (not shown) that are arbitrarily distributed over the plate.

has been chosen to define interior and exterior domains in
an unambiguous way, and to avoid any preferential direc-
tion. Note however that using a more arbitrary transducer
array shape should not fundamentally change the localiza-
tion results, provided the spatial step and the total aper-
ture are of the same order. First we use defects that can be
removed. The reversible defects consist of two cylindrical
magnets facing each other on opposite sides of the plate
(diameter 9 mm, height 10 mm) and coupled to the plate
with honey. This constitutes a practical means of apply-
ing a local heterogeneity on the plate, and it can therefore
be used to test several defect positions without actually
damaging the plate.

Because the echo of the defect is very weak compared
with the reverberated flexural waves, it is necessary to use
a subtraction between the defect-free case and the case in
which the defect is applied to the plate. To that end, a
first acquisition of the responses between the Ny transduc-
ers (here Ny = 8) is achieved without the defect. Thus,
a reference matrix C™(#) of 8 by 8 correlation terms is
collected. Then the correlation matrix C4¢(#) is measured
with the defect added. The effect of the defect is contained
in the differential matrix AC(#), which is equal to Cdef(¢)
_ Cref(t).

Then, assuming AC(t) is sufficiently close to the differ-
ential Green’s functions matrix, a beamforming algorithm
is applied to localize the defect. The principle of this algo-
rithm has been described in detail in a previous work [19].
We summarize here only the main points. First, from the
Fourier transform of AC(¢), a back-propagation function
bpf(w) is defined for each pixel (z,y) position as

Ng,Ng
bpf @) = Y AC,, @) explild, (@) + d,(zy)k)],
n=1,m=1
(5)
where k(w) is the wavenumber corresponding to the flex-

ural waves (Ay Lamb mode) and d,(z,y) [respectively,
d(z,y)] is the distance between the transducer number n

(respectively, number m) and the position of coordinates
(z,y) on the plate.

Then we perform the inverse Fourier transform of bpf
and compute the image intensity at pixel (z,y) as

To/2 9
Iy = [, [bpfeof dt (6)

where 7|, is the inverse of the noise bandwidth. For more
details about the algorithm, see [19].

In the following sections, we show localization results
obtained with several kinds of noise sources: distributed
point-sources, friction noise, and air-coupled acoustic
noise.

A. Localization With a Set of Arbitrary
Point-Like Sources

We first validate the approach with a set of arbitrarily-
placed sources, as was done with the numerical simula-
tions in a previous work [19]. To that end, twenty broad-
band piezoelectric transducers are arbitrarily placed over
the plate surface (see Fig. 3). Instead of emitting noise,
the 20 broadband sources emit successively identical sig-
nals ¢(t) corresponding to one sinusoidal period at 20 kHz
(which yields a frequency range approximately between
10 kHz and 30 kHz, where the Ay Lamb mode is predomi-
nant). For each pulse emission, 8 transient responses are
simultaneously recorded on the 8 receivers. The signals are
digitized by a 24-bit, 96 kSample/s acquisition card for 40
ms. From these 20 x 8 responses, we can build an 8 x 8
element matrix for each source. Then, by summing these
twenty matrices, we obtain a total correlation matrix C
similar to the one that would have been obtained if the 20
noise sources emitted completely uncorrelated noise.

Using this procedure, the differential correlation matrix
(difference between the plate with and without the defect)
is obtained. The result of the beamforming algorithm of
AC is shown in Fig. 4. For more clarity, the intensity
I(z,y) is represented in decibel scale. Tests for two defect
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positions are presented here. One defect is located inside
the 8-receiver array and the other defect is outside. In
both cases, the defect position is recovered. The resolution
and the spurious lobe levels are smaller when the defect
is inside the receiver array than outside. This is a clas-
sical result in array processing. Indeed, in the first case,
the spurious lobe level is smaller because all the receivers
contribute to the beamforming processing. Moreover, as
the transducers completely surround the defect, the best
resolution is achieved, i.e., it is given by half the cen-
tral wavelength. In the second case, the spurious lobes are
stronger and the resolution is degraded because the dis-
tance between the array and the defect reaches the same
order of magnitude as the array aperture.

B. Localization With Ambient Noise Sources

In this section, we deal with more realistic vibration
noise sources. Note that the precise knowledge of the noise
source is not necessary in this passive experiment. The
first noise source is generated by friction and the second
noise source results from the coupling with an acoustic
noise source. However, in practice, the noise sources may
not be temporally stationary and may show strong fre-
quency fluctuations. To mitigate these two effects, two
operations are performed on the raw signals before the
correlation process. First, the amplitude of the envelope
of time-dependent noise is normalized to compensate
the temporal fluctuations. Second, a frequency whiten-
ing is performed on the obtained signals between 0.5 and
30 kHz.

To estimate the differential correlation matrix, the 8
receivers record the ambient noise for T'= 60 s. This dura-
tion, much larger than the reverberation and Heisenberg
times, has been empirically adjusted to obtain sufficient
signal-to-noise ratio in the noise correlation functions. The
operation is performed one time without the defect and
one time with the defect. Then the subtraction of the cor-
relation matrices is performed.
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Fig. 5. Typical cross-correlation between transducers 1 and 8 obtained
with frictional noise (blue line) compared with the primitive transient
response directly measured between the same pair of transducers (ma-
genta dashed line).

1) Frictional Noise: The frictional noise was produced
on the plate by rubbing continuously and manually the
whole plate surface with a soft scrubbing pad. A typi-
cal result of the cross-correlation between two channels is
plotted in Fig. 5 for the frictional noise case. The transient
response directly recorded when one of the two transduc-
ers acts as a source is plotted on the same figure (magenta
dashed line).

The excellent agreement confirms the ability to pas-
sively estimate the transient response using this particular
type of noise. This is confirmed by the successful localiza-
tion results shown on Fig. 6 for two different defect posi-
tions.

2) Acoustic Noise: Next, a pseudo-random wideband
noise was generated using a wireless loudspeaker. While
emitting the noise, the loudspeaker was continuously
moved all over the plate at a distance of about 10 to 20
cm from the surface. We observe on Fig. 7 that the defect
detection is even more efficient than the one obtained with
frictional noise.
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Fig. 6. Beamformed images obtained from frictional noise correlation for a defect located at positions (a) (0.49,0.31) m and (b) (0.39,0.635) m, in

decibels.
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Fig. 7. Beamformed images obtained from acoustic noise correlation for a defect located at positions (a) (0.77,0.525) m and (b) (1.12,0.57) m, in

decibels.

Note that a strong spurious lobe is observed on the
right side of the plate in Fig. 7(b). This is a shadow effect.
Indeed, because of energy conservation, when we subtract
the two correlation matrices, the part of the signal that is
reflected off the scatterer induces a decrease of the scat-
tered echo from the boundary in the alignment of the ar-
ray and the defect location.

IV. LocALIZING HOLES, INCLUSIONS, AND CRACKS

In this section, we intend to test the passive defect
localization technique on more realistic defect types. Ma-
terial fatigue often appears in the form of local change of
physical properties. Therefore, we have tested four kinds
of defects:

ea hole (15 mm diameter),

e a massive inclusion (8-mm-diameter, 3-mm-thick neo-
dymium cylinder),

e a surface crack (30 x 1 mm and 2 mm depth),

e a through-crack (30 x 1 mm and 3 mm depth).
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Here again the correlations are calculated in both un-
damaged and damaged plates and the subtraction be-
tween the two is performed. The noise is generated by
friction. The beamformed images obtained with a massive
inclusion and hole in the plate are displayed in Fig. 8. We
observe that despite the fact that the inclusion is smaller
than the hole, the spurious lobe level is higher for the
hole. This can be explained by the fact that the scattering
strength of a hole is quite small for flexural waves.

The next challenge is to detect a surface crack and a
through-crack. Results for both introduced cracks are pre-
sented in Fig. 9. As can be seen, the defects are success-
fully detected in both cases because the cracks strongly
interact with the acoustic field. The quality of the image
obtained with the through-crack informs us about the sat-
isfying reconstruction of the Green’s functions. However,
what is detected here is the strongest point of the defect,
which is likely the edge of the groove, and the shape of the
defect is not recovered. To achieve this, a complex inverse
problem would have to be solved, which is completely be-
yond the scope of this paper.

The passive localization method presented here has
been shown to be efficient and robust, at least provided
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Fig. 8. Beamformed images obtained from AC resulting from frictional noise, in decibels, for the corresponding defects shown in the center inset: (a)
a 15-mm-diameter hole, centered at (1.025,0.343) m, and (b) a massive 8-mm-diameter inclusion, centered at (0.58,0.348) m.
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Fig. 9. Beamformed images obtained from AC resulting from frictional noise, in decibels, for the corresponding defects shown in the center inset:
(a) a surface crack, 30 x 1 mm and 2 mm depth, centered at (0.82,0.49) m, and (b) a through-crack, 30 x 1 mm and 3 mm depth, centered at

(0.86,0.54) m.

some conditions are satisfied. This will be the subject of
the discussion presented in the next section.

V. ROBUSTNESS OF THE METHOD

Among the factors that can strongly influence the sen-
sitivity of the method, there are the distribution and spa-
tial stationarity of the noise sources and the number of
receivers used to image the defect.

A. Spatial Distribution

In this section, we study the influence of the size of
the area on which the noise is produced. Indeed, we have
seen in Section II that an almost perfect reconstruction is
obtained when the noise sources are homogeneously dis-
tributed over the whole plate.

In this part, contrary to the image obtained in Fig.
7, the noise is generated by friction over a small region
of roughly 37 x 33 cm? size. For a given defect position,
two different areas have been tested. The corresponding
images are displayed in Fig. 10. The friction areas are
indicated by a red rectangle on the images.
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From these results, two conclusions can be drawn. First,
the defect is still successfully localized. The smallness of
the source area only increases the level of the spurious
lobes. In other words, even if the Green’s function recon-
struction is not perfect, the beamforming of the spurious
terms is sufficiently low and incoherent to remain below
the level of the main lobe. Second, the position of the
noise regions has a little influence on the defect localiza-
tion. This last result lies in the fact that we take advan-
tage of the reverberations over the plate. The properties
of the quasi-diffuse field obtained in this condition only
weakly depend on position.

Up to now, the correlation matrices with and without
defect have been recorded when the noise is produced
from the same area. In the next section, we will discuss
the effect of removing this assumption.

B. Nonstationary Spatial Noise

When the noise is spatially nonstationary, the noise
generation areas can be different between the reference
and the damaged states. The experimental results ob-
tained with frictional noise are shown on Fig. 11. The
friction areas used in the defect-free acquisition are indi-
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Fig. 10. Beamformed images (decibel scale) from AC for two different noise areas. The noise is generated by friction inside the red rectangle.
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Fig. 11. Beamformed images obtained from frictional noise correlation, in decibels, showing the effect of spatially nonstationary noise for noise gen-
eration areas that are (a) widely separated and (b) close together. The red and black rectangles indicate the positions of the frictional regions in the

undamaged and damaged states, respectively.

cated by a red rectangle on the images. The areas used
in the acquisition with the defect are indicated by a black
rectangle.

In the first case, the defect is no longer localized [Fig.
11(a)]. However, when the noise generation areas are suf-
ficiently close to each other, the lobe on the defect appears
again [Fig. 11(b)].

These results can be interpreted in the following way.
First, for convenience, rewriting (2) under matrix formal-
ism yields C(t) = [G(t) — G(—1)] ® f(t) + n(t). Let us
call A (respectively, B) the noise generation area used for
the acquisition of the correlation matrix without (respec-
tively, with) the defect. The expression of the differential
matrix can then be written as

AC = [AG(t) — AG(—)] ® f(t) + np(t) — n,(t) + bnp(t).
(7)

where AG is the part of the Green’s function due to the
defect. The terms n, and ng are the spurious contribu-
tions, without the defect, obtained for generation area A
and B, respectively. Finally dng is the difference between
the spurious terms obtained with and without defect when
the noise is generated in area A. When the generation
areas are identical (A = B), even if ny(¢) is quite strong
because area A is small compared with the total plate
area, the difference between the correlation matrix cancels
this contribution and only the small perturbation dng(t)
remains. The perturbation dng(?) only slightly increases
the spurious lobes on the images compared with the main
lobe on the defect due to AG(t) — AG(—t). However, for
the case with different areas, ng(t) — ny(?) might be the
strongest contribution, possibly making the defect unlo-
calizable, as was observed in Fig. 11(a).

C. Number of Receivers

For practical application, it is interesting to evaluate
the efficiency of the method with only a few receivers. The

noise is generated by an acoustic source that is moved all
over the plate surface. As shown on Fig. 7, when 8 receiv-
ers are used, the beamforming process is almost perfect.
Now we perform this experiment with the correlation ma-
trix computed from 6 and 4 receivers.

As can be seen on Fig. 12, the defect is still localized
even with only 4 receivers. This is because the process
is performed over a wide frequency range. However, the
level of spurious lobes obviously grows as the number of
receivers decreases. This is quantified in Table I (where
0 dB corresponds to the maximum of the defect lobe).
This phenomenon is caused by two joint effects. First, the
cancellation of the unwanted contribution n(t) is less ef-
ficient when fewer sensor pairs are involved. Second, the
beamforming performance is degraded when the array ap-
erture and sampling are decreased. Actually, as soon as
the Green’s functions are correctly estimated by cross-cor-
relation, the detection ability is dictated by the classical
law of beamforming array processing (resolution related to
the array aperture).

These encouraging results offer promising avenues to
imaging defects with a small number of receivers. To our
knowledge, there are no works cited that obtained similar
results with such a low number of receivers.

VI. CONCLUSION
In this work, we have presented an experimental valida-

tion of a passive technique for defect localization in metal-
lic plates. We have successfully detected defects from noise

TABLE 1. SPuRIOUS LOBE LEVELS EXCLUDING THE LOCATION OF THE
FocaL SpoT (A HALF-WAVELENGTH AROUND 0 DB).

Number of receivers

8 6 5 4 3

Spurious lobes level (dB) —-7.20 —5.28 —3.82 —299 -1.10
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Fig. 12. Beamformed images obtained from acoustic noise correlation, in decibels: (a) 6 receivers and (b) 4 receivers.

generated by different sources between 10 and 40 kHz.
Using a laser vibrometer experiment, we have shown that
the fidelity of the estimation of the transient responses
depends on the spatial distribution of noise. Nevertheless,
because of the differential acquisition of the correlation
technique, we have shown that the defect localization
capability is more sensitive to spatial nonstationarity of
the noise than to the quality of the Green’s function es-
timation. Hence, we have experimentally shown that the
method is suitable and robust to detect holes, massive
inclusions, and even surface or through cracks in the plate.

These preliminary experiments are very promising for
structural health monitoring applications and are expect-
ed to be of considerable value in the future. Further work
will focus on a full theoretical development to be able to
predict the spurious lobe levels as a function of the in-
volved parameters. We are also currently working on this
technique to provide some basic characteristic parameters
of the defect.
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