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Recent research works in passive Structural Health Monitoring (SHM) have been able to take advantage of ambient noise by cross-correlating raw data recorded by sensor array. For that, the acquired signals must be synchronized with respect to each other. In other words, it is essential to set up a common clock to make this method successful. This significantly complicates the electronic setup and prevents moving towards an autonomous and wireless control network. As common solution, we propose here a technique of resynchronization in post-processing based on the study of the symmetry of correlation functions according to the physical characteristics of the considered medium. An in-depth analysis is conducted on the performance of this method in less favourable scenarios. Theoretical developments and experimental tests are carried out with the aim of emphasizing the quality of defect location according to the accuracy of resynchronization.

INTRODUCTION

Recently, it has been shown that the correlation of ambient noise field recorded by a network of sensors makes possible to reconstruct the Green's function of the medium [ ]. This has led to the possibility of passive monitoring of reverberant mediums. In other words, there is no need for a controlled emission and all the sensors are in passive listening. In [START_REF] Chehami | Experimental study of passive defect localization in plates using ambient noise[END_REF], a passive imaging technique was developed. Indeed, the difference of correlation fields between a current state with and a reference state without defect makes possible to isolate the contribution of the latter. Thus, the back-propagation of the difference ensures the defect localization. However, this technique requires that signals recorded by the monitoring network be synchronized with each other. Possible instrumental shifts can significantly degrade the localization quality. One can opt for a common clock to ensure the synchronization. However, this absolutely complicates the electronic setup. An alternative solution is to establish the resynchronization only in post-processing. This imperatively requires an accurate estimation of time shifts between the different receivers of the surveillance network. Initially proposed in seismology [START_REF] Sens-Schönfelder | Synchronizing seismic networks with ambient noise[END_REF][START_REF] Stehly | Traveltime measurements from noise correlation: stability and detection of instrumental time-shifts[END_REF] and underwater acoustics [START_REF] Sabra | Using ocean ambient noise for array self-localization and selfsynchronization[END_REF][START_REF] Thode | A portable matched-field processing system using passive acoustic time synchronization[END_REF][START_REF] Tenorio-Hallé | Using anisotropic and narrowband ambient noise for continuous measurements of relative clock drift between independent acoustic recorders[END_REF], the correlation peak technique is a promising method for estimating interreceiver time shifts. Indeed, after having calculated the cross-correlation between a pair of receivers, the correlation between its causal and anti-causal parts gives a peak of resemblance corresponding to the double of the time shift between these receivers. In this paper, we are initially interested in highlighting the impact of time shift on the defect localization quality. Then a-posteriori resynchronization based on the peak correlation method is established. Finally, the obtained experimental results are discussed.

IMPACT OF SHIFT TIME ON THE DEFECT QUALITY LOCALIZATION

To highlight the effect of inter-receiver time shifts on the defect quality localization in a reverberant plate, the configuration represented in Fig. 1 nique described in [START_REF] Chehami | Detection and localization of a defect in a reverberant plate using acoustic field correlation[END_REF] allows the defect localization by taking advantage of the cross-correlation of the generated acoustic field. In order to emphasize the impact of the desynchronization on the defect localization quality, random shifts ∼ N (µ = 0, σ = 100T s ) are introduced on the 8 receivers. Where T s = 5.2µs is the sampling period. In Fig. 2b, it clearly appears that the exact position of the defect is ambiguous because of the introduced offsets. Nevertheless, this defect is perfectly localized when the signals are synchronized (see Fig. 2a, witness case).

To quantify the impact of inter-receiver time shifts on the defect localization, we are interested in evaluating the variation of its contrast as a function of the standard deviation of introduced shifts using the classical contrast formula given by [START_REF] Terzi | Pump-probe localization technique of varying solid contacts[END_REF] :

C = I d -I b I b , ( 1 
)
where C is the contrast, I intensities as defined in [START_REF] Chehami | Detection and localization of a defect in a reverberant plate using acoustic field correlation[END_REF]. Time offsets with standard deviations varying between 0 and 15T s are introduced on the 8 receivers. For each standard deviation, 20 iterations are performed and the average contrast is recovered. Obtained result is shown in Fig. 3. Thus, the obtained pattern can be broken down into 3 parts: for zero standard deviation shifts (synchronized signals) the defect is perfectly localized. For a standard deviation varying between 1 and 10 samples, the defect is always localized but with secondary lobes which disturb the localization (C > 1). From σ = 8T s the defect position is completely ambiguous (C < 1).

POST-PROCESSING RESYNCHRONIZATION OF SHIFTED SIGNALS

In this section we are interested in the estimation of time shifts between sensors. These shifts are to be compensated to ensure a post-processing resynchronization.

Description of the synchronization method

Let us consider a general case with N r receivers. The time shift δ i,j between a given pair R i and R j can be expressed as follows :

δ i,j = ∆ i -∆ j , (2) 
where, ∆ i and ∆ j are the time offsets specific to R i and R j respectively.

The whole time shifts between the Nr receivers can be expressed through the following matrix system:

M ∆ = δ (3) 
M is a connectivity matrix containing 0, 1 or -1 according to Eq. 2. ∆ is the vector of unknowns (offsets specific to each receiver ), and δ is a vector containing the shifts between all possible pairs. As mentioned in the introduction, these shifts are estimated using the peak correlation method. We note that the matrix M is not invertible. Therefore, the time shifts will be recovered via an approximate solution using the Moore-Penrose pseudo inverse of M denoted M + [START_REF] Barata | The moorepenrose pseudoinverse: A tutorial review of the theory[END_REF].

∆ = M + δ (4) 
The estimated offsets are to be compensated. Thus, the receivers will be resynchronized only in postprocessing.

Results and discussion

We opt for the experimental configuration represented in Fig. 1. On the signals recorded by the 8 receivers, random offsets ∼ N (µ = 0, σ = 500 T s ) are introduced. So that we are sure that the desynchronization introduced is largely sufficient to prevent the defect localization. The shape of recorded signals after the introduction of random shifts is represented in Fig. 5a. For this study, there are 28 different combinations of 2 receivers. The cross-correlation of the noise field is calculated for each pair. The correlation peak between its causal and anti-causal parts allows obtaining the time shift between each receiver combination. Thus Eq. 4 makes possible to estimate the specific offset of each receiver. As shown in Fig. 4, the estimated shifts are in excellent agreement with the introduced ones. 

CONCLUSION

In the present work, the effect of the desynchronization of a sensor network dedicated to the SHM has been studied. As much as it is necessary to ensure defect location, resynchronization has to be done in post-processing to avoid complicating the monitoring electronic system. Based on the correlation peak method, the developed synchronization algorithm allowed to obtain promising results. Further, this will effectively makes possible to do the SHM 

1 ,*

 1 Corresponding author: omar.bouchakour@uphf.fr. Copyright: ©2023 Omar Bouchakour et al. This is an openaccess article distributed under the terms of the Creative Commons Attribution 3.0 Unported License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

2

 2 

Figure 1 :

 1 Figure 1: Experimental setup.

  d and I b designate respectively the defect and the background (excluding the defect area)

Figure 2 :

 2 Figure 2: Defect localization images in the case of (a) synchronized (b) non-synchronized signals. Blue crosses represent the receivers and the black circle the defect position.

Figure 3 :

 3 Figure 3: Defect contrast in function of offset standard deviation.

Figure 4 :

 4 Figure 4: Comparison between introduced (black triangles) and estimated (red stars) time offsets.

Figure 5 :

 5 Figure 5: Signals (a) before and (b) after a-posteriori resynchronization.
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