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Abstract 
A key part of structural damage monitoring occurring in timber materials aims to identify the most 
relevant descriptors of critical damage mechanisms. The sudden release of stored energy during 
the damage process, known as the Acoustic Emission (AE), is a very suitable technique for in 
situ health monitoring applications. Various signal processing and pattern recognition techniques 
have been performed for damage feature extraction from AE signals. The purpose of this paper 
is to use the Hilbert–Huang transform (HHT), for relating a specific damage mechanism to its 
acoustic signature. The applicability of this local instantaneous frequency descriptor for damage 
characterization in timber materials is discussed. First, the HHT is used to identify the damage 
signature, by correlating the measured AE signals with known acoustic sources. Then, the 
performance of the Hilbert–Huang transform damage classification approach is evaluated. 
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1 INTRODUCTION 

Damage mechanism propagation from the damage 
source through timber materials brings up a transient 
wave, resulting from the sudden release of stored 
energy during the damage process. This 
phenomenon, known as the Acoustic Emission (AE) 
[Beattie 1983], is a suitable technique for in situ 
health monitoring applications [Alchakra 1997]. A key 
part of the analysis aims then to identify the most 
relevant descriptors of critical damage mechanisms 
occurring in these materials.  

Various signal processing and pattern recognition 
techniques have been adapted for damage feature 
extraction from AE signals [Yan 2011, Albarbar 
2010]. As an example, the Hilbert–Huang Transform 
(HHT) [Huang 2005, Lin 2009, Apostoloudia 2007] 
has recently been applied for analyzing such non-
stationary signals features analysis. The HHT can 
provide relevant descriptors for both analysis and 
features extraction of vibration signal analysis [Zhang 
2008]. Loutridis et al. [Loutridis 2005] used the 
instantaneous frequency, extracted by the HHT for 
damage detection from vibration signal analysis. 

In this work, the HHT is used for the extraction of a 
damage mechanisms frequency signature from AE 
signals in wood based materials. The applicability of 
this empirical time-frequency technique for damage 
characterization is discussed. Unidirectional timber 
samples are studied. First, the acquisition of the AE 
signals is performed thanks to a wide-band acoustic 
transducer. Then, the HHT is used to identify the 
instantaneous frequency damage signature, by 
correlating the measured AE signals with a known 
acoustic sources. 

2 EXPERIMENTAL AND VALIDATION 
PROCEDURE 

2.1 Materials and samples preparation 

The study was made from beech samples and linear 
friction welded or glued. Machining necessary to 
achieve timber samples adapted to Arcan assembly 
and testing were done in Laboratoire Brestois de 
Mécanique et des Systèmes (LBMS). Preliminary 
tests combined with finite element modeling of the 
beech samples allowed to retain the geometries of 
specimens as depicted in Figure 1 [Gineste 2012]. 
The welded joint is less efficient than wood 
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substrates, then, it is not necessary to make a 
reduction in the thickness of the study area. Some 
tests were used to compare the results for test 
samples with or without thickness reduction, it was 
not detected significant influence.  

 

Fig. 1: Timber test specimens: different geometries 
and configurations studied: monobloc timber, 

laminated timber and timber welded by alternating 
linear friction. 

2.2 Experimental protocol 

The Arcan device has been the subject of several 
scientific studies [Cognard 2011], and allows 7 
loading directions as shown in Figure 2. As the 
stress state is not homogeneous in the mean plane 
of the specimen, finite element simulations were 
performed to obtain the stress distribution in the 
useful part of the specimen [Gineste 2012]. Thus, 
knowing the force applied by the testing machine on 
the specimen, it is possible to determine, in 
particular, stress at break as a function of the nature 
of the solicitation.  

 

Fig. 2: Timber sample and modified Arcan test 
device. 

2.3 AE acquisition set-up 

Acoustic emission is defined as a creative 
phenomenon of transient elastic waves caused by 
micro-cracks (localizable sources) in the studied 
material. This phenomenon also can analyze the 
energy dissipation resulting from this damage 
evolution (initiation and propagation). The detection 
and recording system of the acoustic activity consists 
of the following: (i) an acoustic emission acquisition 
board (PCI-2: 18-bit, 4-channel, sample rate 40 MS / 
sec); (ii) two sensors type NANO 30, whose 
bandwidth is between 125 and 750 kHz, 
characterized by a resonance peak at 300 kHz. An 
acoustic coupling is used to ensure a more uniform 
contact and a better transmission of the wave 
through the sensor surface; (iii) two preamplifiers 
with 40dB gain; (iv) acquisition and analysis software 
for 2-way acoustic emission in real time and playback 
signals. To overcome the difficulties related to the 
heterogeneity of the wood material and the specimen 
geometry, we limit ourselves to an acoustic analysis 
in linear mode (Figure. 3). 

 

Fig. 3: Damage monitoring by acoustic emission. 

The tests are controlled in displacement (0.5 mm / 
min) and carried out at ambient temperature. Failure 
modes observed in the tests are presented in Figure 
4. The photographs (A and B, Fig. 4) illustrate the 
record-breaking ways and paths commonly observed 
on the piece and glued specimens. However, on 
some samples, the failure mode is as shown in D 
(Fig. 4). The Figure 5C, shows the failure mode 
observed on the welded specimens. In some cases, 
the observation of fracture zones identifies significant 
defects such defective welding. For the majority of 
broken samples, there are no visible defects without 
magnification. 

 

Fig. 4: Observed failures modes 

3 AE PATTERN RECOGNITION BASED ON 
HHT 

3.1 Principle of the HHT 

The HHT [Huang 2005, Huang 1998] is a time–
frequency method suited for splitting a multi-
component non-stationary signal into a sum of 
elementary modes, or mono-component signals. The 
HHT uses two processing techniques, the Empirical 
Mode Decomposition (EMD) and the Hilbert spectral 
analysis (HSA). The EMD is based on the empirical 
estimation of the so-called Intrinsic Mode Functions 
(IMF), each IMF, noted ck(t) (for k in [1,N]), 
corresponding to a given mono-component of the 
actual signal. Due the HHT algorithm, the lowest 
IMF,c1(t), corresponds to the highest frequency 
component of x(t), and increasing IMFs, ck(t), 
correspond to decreasing frequency components. 
Before explaining how to obtain the IMFs from x(t), it 
is important to notice that each IMF exhibits the 
same number of extrema and of zero-crossings, and 
that only one extremum appears between two 
successive zero-crossings. According to [Huang 
2005], each IMF fits the following properties: 
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1. In the whole data set, the number of extrema and 
the number of zero-crossings must either equal or 
differ at most by one. 

2. At any point, the mean value of the envelope 
defined by local maxima and the envelope defined by 
the local minima is zero. 

The HHT algorithm runs as follows [Huang 2005]. 
First, it identifies all the local maxima (resp. minima) 
points of the signal. The interpolation of these 
extrema by cubic splines form the upper (resp. lower) 
envelope of the analyzed signal, as shown in Figure 
5a. Next, the mean value of upper and lower 
envelope, designated as m1(t), is subtracted out from 
the original signal to obtain h1(t), as shown in Figure 
5b. Then, if h1(t) satisfy the IMF requirements, so the 
first IMF component is found c1(t)=h1(t). Otherwise, 
this procedure called sifting process, is repeated on 
the successive data hi(t), where “i“ is the number of 
the sifting process iterations. At this point, the 
highest frequency component of x(t) is obtained. The 
next step consists in extracting this first IMF 
component, c1(t), from the original signal x(t). 

 

Fig. 5: Sifting process: the original data x(t) with the 
upper, lower envelope (dotted lines) and resultant 

mean line m1(t) (bold line) (a), and the data after the 
first sifting. 

3.2 AE damage signature identification by HHT 

Damage descriptors extraction approach based on 
HHT is first performed on typical AE signals. As an 
example, figures 6a and 6c shows AE signals 
obtained from pattern from stress loading.  First, the 
AE signal is acquired with a time length of 0.5 ms. 
The next step is to process the EMD for estimating 
the IMF of the AE signal. The first intrinsic mode 
function, IMF1, is then being used for the estimation 
of the descriptor proposed in this work. Once IMF1 
estimated, the local mean frequency F1 is calculated. 
The signal shown in figure 6b is characterized by 
much shorter rise time, shorter duration and higher 
energy than the second signal shown in figure 6a. 
The HHT based analysis is first validated for these 
two signals in this work. 

The analysis of the time–frequency by the smoothed 
Hilbert spectrum (SHS), as depicted in figures 6b and 
6d, shows high energy areas (high instantaneous 
amplitude levels) which corresponds to the frequency 
signature of both AE signals. The first AE signal (Fig. 
6a), exhibits locally distributed energy at the 
beginning of the signal and located at higher 
frequencies (around 300 kHz), then the second AE 
signal (Fig. 6c), with a frequency peak around 200 
kHz, when energy stretches on the entire signal. This 
shows a way for discriminating both damage 
signatures, based on their energy location. A 
frequency descriptor is then proposed for tracking 
the peak frequency from the Hilbert spectrum 
representation. At this stage, it is important to note 
that the first IMF (noted IMF1) represents the higher 
part of the signal, leading to the higher peak in the 

HHT representation. This makes it an efficient 
descriptor for classifying AE signals. More precisely, 
we define in the following the mean frequency of 
IMF1, according to: 

 
Where T is the considered time length. Then, F1 can 
be considered as a key descriptor for AE signal 
classification. 

Fig. 6: AE signals extracted from timber samples 
under stress loading and their smoothed Hilbert 

spectrum. 

4 CONCLUSIONS 

The analysis of the HHT-based classification leads to 
establish some conclusions. The first conclusion 
concerns that the HHT based descriptor, estimation 
from the mean frequency of the first IMF of AE 
signals, may be an accurate estimator for the AE 
classification. It can also be noticed that the mean 
frequency variation of the same class vectors is 
negligible compared to the boundaries variations of 
the damage frequency signatures in timbers 
materials. This can be explained due to the fact that 
these signals have as origin an energy release and 
their propagation within the structure alters their 
amplitude, but does not impairs their oscillation 
frequency. This shows the robustness of the HHT for 
non-stationary features extraction. 

The HHT provide encouraging results for non-
stationary AE signals features extraction. Moreover, 
instantaneous frequencies may provide relevant 
descriptors for in situ health monitoring applications. 
This paper opens new perspectives. Work on the 
instantaneous frequencies signals content can 
provide new relevant damage descriptors. In fact, 
once the acoustic signatures of the different damage 
mechanisms are recognized, a signals library is than 
available to help performing a supervised AE data 
sets clustering. Therefore, real time damage 
detection and its severity estimation may be 
possible. In this case, it is also conceivable to identify 
the diffuse damage by an embedded system, and to 
solve the problems of coupling pad structure. 
However, real-time implementation of the proposed 
method still needs a little works in the future. 
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