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Abstract 
 
Guided wave tomography of plate-like structures for SHM applications has extensively 
been reported. This family of techniques relies on the generation and detection of guided 
waves by a sparse array of sensors glued to the structure. Damage detection is performed 
by comparison of the signals acquired on the structure during or after operational 
loading with baseline signals acquired on the pristine structure before damage initiation. 
This paper investigates an alternative mode of operation- suitable for NDT applications- 
where the sparse array is not permanently glued to the structure. An innovative concept 
for reconfigurable and portable sparse-array for pitch-catch generation and detection of 
low frequency flexural modes is presented. The portable array allows damage detection 
and location through a comparison of the signal with baseline signals acquired on a 
similar pristine reference part. A damage index derived from the correlation of the 
guided wave signals acquired on the part under inspection and on the reference part is 
calculated for all paths between the array probes. Imaging of the zone under inspection 
is performed from probabilistic reconstruction of the damage indexes. This process 
provides a near real-time update of the imaged zone when the array is moved over the 
component. The performance of a sixteen-channel system including a real-time 
tomographic reconstruction imaging process is discussed. Imaging of typical damage 
type such as impact delamination in CFRP or corrosion in steel is presented.  
 
 
1.  Introduction 
 
In the recent years, the interest in NDT techniques that could be used as screening tool 
and quickly assess the integrity of a complex structure has been identified within several 
industries. Even if these techniques may have lower defect sizing capabilities, they could 
quickly eliminate structures without issues and identifying structure requiring a “fine” 
inspection thus reducing the overall inspection time.  The objective of this work is the 
development of a fast defect detection and imaging technique in complex plate-like 
structures, such as integrated composite structures, for use in production or recurring 
maintenance. The technique presented is based on well-established methods developed 
for SHM adapted for use in a NDT context with a focus on composite structures. In 
addition to inspection speed, another important requirement was to insure a robust and 
simple inspection procedure potentially reducing the requirements on the operator. In 
this paper, the principles of the technique are first described, and example of application 
are then shown. 
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2.  Guide wave tomography with pristine part as a baseline for 
inspection of plate-like structure 
 
2.1 Probabilistic damage identification for SHM. 
 
Guided wave tomography is well-established for applications such as the monitoring of 
pipes (1) or large plate structures (2).   Guided wave tomography techniques use sparse 
array of probes attached to the structure. Traditionally, wave velocity or wave 
attenuation measured between the probes of the array can be used as parameter for 
damage detection. Recently, probabilistic approaches, such as the RAPID method 
proposed by Guo(ref)., were proven to be a robust and versatile approach to defect 
imaging in metallic (ref) and composite plates (Ref).  
 
The damage index (DI) used in this study is derived from the definition proposed in 
(3,4): 
 �� =  1 −  � = 1 − ∫ [ � −� ][ � −� ]�  ���  ,                                             [1] 

 
where �  is the correlation between the reference signal x(t) and the test signal y(t). 
  
 
This damage index is a measure of the probability of damage presence in the area 
between a transmitter and receiver element of the sparse array. The RAPID method 
defines a predetermined spatial probability distribution between all the element of the 
array. The imaging procedure is illustrated in figure 2. All the measured damage index 
between the reference measurement and the test measurement are determined and 
multiplied by the spatial distribution. The last step of the procedure is to sum the partial 
contribution of all element pairs leading to a visualisation of the defective zone.  
 
 

 
Figure 1: Signal obtained on a 4 mm CFRP plate without delamination (blue signal) and with 

delamination (red signal). 
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Figure 2: RAPID procedure for a 8 elements array 

 
 
2.2 Adaptation to a NDT application 
 
The objective of the work was to adapt the RAPID procedure for a NDT application 
scenario where the probes are not permanently applied, i.e. glued, to the structure. Such 
a system in a production context would allow to quickly screen the component for defect 
by instant comparison with a pristine structure. In addition, visualization of defect would 
be immediate and inspection evaluation would be very intuitive.  
 
The main requirements for the probes were: 1) the ability to generate and detect Lamb 
modes without being glued to the structure and 2) the ability to generate 
omnidirectionally on the plate or structure. The first antisymmetric Lamb mode (Ao) 
was selected as the target mode due to its high excitability using contact probes and its 
sensitivity to in-plane defects such as delamination in composites. A probe fulfilling the 
requirements for the omnidirectional generation of A0 mode around 100 KHz was 
designed according to the principles described in (5) and manufactured. 
 

     
 

Figure 3: Probe array for plate and hat stringer inspection  
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The probes were mounted onto a modular fixture allowing to reconfigure the array to 
adapt for different geometries. A specific spring mounted probe holder was designed in 
order to produce a highly reproducible contact zone with the component. Two 
configurations of the sparse array are shown in figure 3. In both cases, the imaging zone 
is the zone between the probes. 
 
The hardware used to drive the array is a multiplexed low-frequency pulser-receiver 
allowing the acquisition of the [NxN-1] pich-catch signals by sequentially firing the N 
probes and transfer to a processing computer. A repetition rate of 15 Hz for the transfer 
of the whole signal matrix was obtained for a 16 probes array.  
 
A dedicated software performing the RAPID algorithm on the matrix of signal 
transferred to the computer was developed. The algorithm updates in real-time the 
imaging of the zone under inspection at a refreshing rate of 15 HZ. The GUI handles all 
the parameters needed for the reconstruction of the image from the time signals. 
 
2.3 Mode of operation  
 
In contrast with most NDT methods, the present technique requires a pristine reference 
part, without any defects, and having the same geometrical and material characteristics 
as the part under inspection. In a production or maintenance context, this reference part 
is easily available and can be checked before use with high resolution NDT techniques. 
  
The preliminary step is a set-up of the system including the geometry of the array used 
for the inspection, the selection of the active probes combinations in the time signal 
matrix participating to the DI reconstruction and the windowing of the time signal used 
for DI calculation. 
 
The next step of the inspection procedure is the acquisition of the matrix of reference 
time signals. Once the reference time-signal matrix is saved, the array is moved on the 
part under test, the new time signal matrix is compared to the reference and the DI 
reconstruction will be performed. As the time-signal matrix and DI reconstruction are 
refreshed at a rate of 15 Hz, the output of the system is a near real-time imaging of the 
zone within the array. 
 
 
3. Sensitivity threshold 
 
The sensitivity of Lamb waves to defects depends on the selected mode, on the 
configuration used (reflection or pitch-catch) and on the type of defect. The presented 
work was initially focused on the detection of delamination and impacts in CFRP 
structures using the first anti-symmetric Ao mode in a pitch-catch configuration by 
comparison with the baseline signal obtained on a pristine similar structure. In order to 
estimate the expected sensitivity threshold of the technique, FEM based simulations of 
a simplified configuration using an array of 4 elements were performed for quasi-
isotropic CFRP laminates of thickness varying 2 to 8 mm. Figure 5 shows the results 
obtained for a 2 mm plate. 
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The detection limit is also determined by the “noise” which in this case is the damage 
index induced by contact quality variation when re-applying the array on the structure. 
As mentioned earlier, special attention was put on insuring a good reproducibility of the 
contact quality. It was observed experimentally that these contact variations typically 
lead to a Damage Index around 0,2 to 0,4. In the case of a 2mm thick laminate, this leads 
to a minimal detectable defect size of 6mmx6mm which is in agreement with the 
experimental observation. 
 
 
 

 
 

Figure 4: FEM based simulation of the Ao mode propagating in a 2 mm thick quasi-isotropic 
CFRP laminate for varying delamination diameter D and the corresponding damage index. 

 
 
4. Experimental results 
 
 
4.1 Results obtained on flat structures. 
 
The system was originally developed for inspection of delamination in composite 
laminates and evaluate on a large number of samples with simulated delamination using 
Teflon inserts and real impact damage. Figure 5a shows the imaging of a 250 mm x 250 
mm zone of a 4 mm CFRP laminate with 2 teflon inserts. The imaging process clearly 
reconstruct the 2 defects. 
 
Other types of structures and defects were investigated. The technique is very sensitive 
to thickness variations and disbonds as expected for a Lamb wave-based technique. 
Figure 5b shows the imaging of a 70mmx 40mm corrosion pit in a 8mm thick steel plate.  
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(a)                                                       (b)                                                                                                                 

Figure 5: Imaging of (a) two 10mmx10mm delamination in a 250mmx250mm 4mm thick CFRP 
laminate and (b) a 70mm x 40 mm corrosion pit of 0,5mm to 2mm depth in a 8mm thick steel 

plate. 
 
4.2 Results obtained on non-flat structures 
 
As Lamb waves propagates over non-flat area imaging of defect in complex structure is 
also possible if a pristine structure is available. No a-priori knowledge of the propagation 
parameter such as velocity variation with the test area is needed for localization of the 
defect. Figure 5 shows the practical example of detection of impact damage in a hat 
profile using the fixture configuration shown in figure 3.  The impact damage is 
localized on the flange and one radius of the profile and the probes were positioned at 
the base of the profile. For this type of application, the imaged area is projected on a 3D 
representation of the structure allowing for an instantaneous identification and 
localization of the defect. 
 

 
Figure 6: Imaging of impact damage on the flange and in the radius of a CFRP hat profile of 2 

mm thickness. 
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5.  Conclusions 
 
A system based on guided wave tomography performed from an array of probe in 
direct, non-glued- contact has been developed. The system allows for real-time 
imaging of flat and complex parts of thickness from 1mm to 8-10 mm Based on the 
instant comparison of the signals acquired from the array with a baseline matrix 
obtained on a pristine part, a reconstruction of the Damage Index in the zone defined 
by is performed using the RAPID technique. Results on delamination on flat and 
complex composite parts and on corrosion loss in steel plate are presented. The real-
time imaging a zone of 250 mm x 250 mm and a very intuitive interpretation of the 
results makes this technique a very good candidate for fast screening of parts. 
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