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Abstract  

At present time, Guided Ultrasonic Waves (GUW) technology is a remarkable Non-
Destructive (ND) tool of choice in structural health monitoring (SHM) applications. 
Established inspection techniques for tubular structures have been developed and currently 
applied successfully on the field using various transducer types. In this paper, a technique 
that utilizes echoes from long range propagating GUW to produce tomographic images of 
thin steel plates is presented. In addition, the algorithm for processing the resulting 
tomography images of plates to detect defects is described. The employed technique is 
validated through Finite Element Modelling, i.e., simulated wave propagation. A 
significant number of large two dimensional plain strain models have been run to show the 
validity of the proposed technique. Subsequently, the simulated data are fed to the 
tomography image generation algorithm and resulting images are processed to detect 
defects and estimate their location and approximate size. It is anticipated that the 
procedures and methods presented will enhance the extent and results of ND examination 
of large steel plates and, upon field validation, will constitute the first step towards 
establishing an automated tomography technique utilizing long range GUW. 

 

1 INTRODUCTION 
 

1.1 Long Range Ultrasonic Testing 
 
Guided ultrasonic waves have been the tool of choice for rapid inspection of large 
structures. Compared to traditional NDT techniques, wave-modes are excited at 
frequencies in the range of 30 to 100 KHz that propagate over long distances, exhibiting 
minor attenuation. Existing commercial products are based on reliable inspection 
techniques that perform well only for elongated structures such as pipes being. Thus the 
benefits of using long range ultrasonics on large plate like structures have not been 
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realized yet. The work presented in this paper is a first step towards establishing a reliable 
technique for long range defect detection in large steel plates. 

2 ULTRASONIC PROPAGATION SIMULATION 

2.1 Simulation Task Description 
 
In order to get a better realization of the inspection problem, simulations for the ultrasonic 
wave propagation were performed for the specimen structure. The structure in our case is 
the large plate located at TWI’s premises (Figure 1). Its dimensions are 12m long, 6m 
wide and 20mm thick. In order to apply the tomographic technique, 24 transducers are 
mounted along the bottom edge of the plate at the locations shown in Table 1. 

Transducer X(m) Y(m) Transducer X(m) Y(m) 
A 2.88 0 M 5.84 0 
B 3.09 0 N 6.27 0 
C 3.30 0 O 6.48 0 
D 3.51 0 P 6.69 0 
E 3.72 0 Q 6.90 0 
F 3.93 0 R 7.11 0 
G 4.14 0 S 7.32 0 
H 4.35 0 T 7.53 0 
I 4.56 0 U 7.74 0 
J 4.77 0 V 7.95 0 
K 4.98 0 W 8.16 0 
L 5.41 0 X 8.37 0 

Table 1. Transducer locations. 

 

 
Figure 1. Large Plate Specimen. 

Each transducer is fired individually while every transducer is set to receive the reflected 
ultrasonic waves. The excitation pulse of the desired frequency is 10 cycles long and has a 
Hann window applied. In order to evaluate defect detection and localization using the 



proposed technique four different defect locations were simulated (Table 2) for pulse 
frequencies of 30, 40, 50 and 60 KHz.  

Defect No. Distance from right edge Distance from bottom edge 
1 1 4 
2 2 5 
3 3 3 
4 4.5 2 

Table 2. Defect location. 

The intensive simulation task was executed on Innora’s Scientific Computing Cluster, 
Wiglaf. Even on this hardware the total computer time needed was in excess of a month 
and utilized 6 nodes. 

2.2 Model description 
 
The expected types of waves in the plate are Lamb and Rayleigh waves. As analytical 
equations for these waves exist for infinite plates and interaction with defects results in 
mode conversions difficult to predict, a full finite element analysis was conducted. 

Since the plate’s thickness dimension is rather small compared to the other two, a plane 
stress state was used. This decision also led to a decrease in the model size, thus enhancing 
the speed of execution of the simulations. For the model of the plate, a typical steel 
material was used and the structured meshing strategy was utilized. Although optimal 
meshing size is dependent on the smallest wavelength present in the model, for the sake of 
similarity a common 4mm size was used. This resulted in small variations on the size of 
the defects that were subsequently designed 4x54 mm. Time discretization has to fulfil the 
Nyquist – Shannon theorem, but since the hourglass effect imposed a much stricter 
constrain, a uniform value of 0.5μsec was chosen. Each of the resulting models is 
characterized by 10 million degrees of freedom. 

2.3 Modelling inaccuracies 
 
The choice to use a plane stress formulation of the stress tensor (Eq. 1) for the plate, leads 
to the model losing its ability to simulate some waves that are expected to appear in the 
real situation. Transducer excitation is modelled by a point force with the same pulse as 
the real one. The expected wave-modes from this excitation are Symmetric (S0) and 
Asymmetric (A0) Lamb as well as Horizontal Shear (SH0). Since thickness is practically 
obsolete for the scope of these simulations, the difference between A0 and S0 Lamb waves 
(Figure 2) cannot be simulated. Subsequently, only symmetric ones are present in the 
model. For the exact same reason, it was selected to integrate the variation in thickness in 
a symmetrical manner, contrary to its one sided nature (Figure 3). 
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Eq 1. Stress and strain tensors of the plane stress situation 

 
Figure 2. First Anti-symmetric and symmetric Lamb 

 
Figure 3. Intended defect geometry and simulated 

3 TOMOGRAPHY IMAGE GENERATION 

In order to acquire a tomography image of the plate under inspection, we have simulated 
the expected received signal of each transducer by extrapolating the force displacement at 
corresponding transducer locations for each discrete time step. Given that a transducer is 
modelled as a single point force and we have 24 transducers located along the length of the 
plate, we acquire a total of 24 simulated pulse-echo measurements. Each measurement 
corresponds to an individual transducer exiting the ultrasonic wave and every transducer 
receiving the sensed waves propagating. 

Having acquired the corresponding results files, we construct a point grid of a pre-defined 
resolution (in our case, 512x256 points), which represents the sampled plate. By changing 
the grid resolution, execution speed and localization accuracy of the defect detection 
technique is affected. Given the dispersion curves for wave modes propagating in steel 
plates, we can estimate the travel velocity of the excited wave mode. Once there is 
knowledge of the travel velocity, the time required for the wave to reach the corresponding 
point and reflect back to any transducer is calculated. Since we have acquired the 
simulated time-series of the corresponding LRU signals, the amplitude is derived and 
stored to the array of points. The simulated amplitude is defined as the magnitude of the 
displacement vector (values are derived for axes X and Y) each point at estimated times of 
arrival. For each point on the grid, the process is repeated for every acquired measurement 
and all amplitude values are accumulated. The resulting array can then simply be 
represented as an image with the amplitude values mapped to a predefined colormap. The 
resulting images of the proposed method are illustrated in Figure 4. 



  
Figure 4. Tomography images of defect-free and defective modelled plates. 

4 IMAGE PROCESSING AND DEFECT DETECTION 

In order to be able to detect defects and extrapolate their location and size, we employ an 
approach based on baseline subtraction. A reference tomography image of the defect-free 
sample plate is stored and is utilized once tomography images of plates under inspection 
are acquired. The tomography image of the inspected plate is subtracted from the reference 
image. The resulting image is normalized and mapped to the greyscale colormap. 
Greyscale images are in principle simpler to process and the produced results are easier for 
the eye to perceive. 

In our approach, the greyscale image is filtered to expand the dynamic range (DRE) of the 
gray levels. An investigation was conducted to estimate the range of amplitude values with 
which the defective areas are represented. The results suggested that in normalized images 
from baseline subtraction, the defective areas lie within the range of 0.7 to 0.8. Therefore, 
the implemented filter isolates areas of the image in the corresponding value range while 
suppressing information that lie outside of this range. Using this approach, defective areas 
of the plate appear as white, round regions in resulting images. In the produced results, 
illustrated in the following figures, it is evident that the defect can be recognized within 
the image. In addition, one can approximate the location of the defect by deriving the 
coordinates of the ROI in the processed image. Below the defective area, similar regions 
appear in the image. However, their shape is uncommon and can be easily filtered out to 
create images in which only candidate defective areas appear. An example produced using 
baseline subtraction and dynamic range expansion, is presented in Figure 5. 

  
Figure 5. Baseline subtraction of a plate with 5x5 mm defect and image after DRE. 



5 RESULTS 

The data acquired via FEA simulations correspond to through thickness defects at different 
locations (Table 2). Each scenario was simulated for 30, 40, 50 and 60 KHz pulses.  

The results of the application of the proposed scheme are presented below in image pairs. 
Each pair of images corresponds to the image produced using baseline subtraction and the 
resulting image after dynamic range expansion (DRE). In each case, the location of the 
defect can be extrapolated from the processed image. That of course, is in immediate 
relation to the size of the defect and the resolution of the produced images. An increase in 
image resolution results in higher discretization and thus higher localization accuracy. 
However, the computational complexity in this case increases, thus demanding additional 
time for execution or extended computational resources. For the scope of this research, the 
proposed image size (512x256) is sufficient in achieving the desired localization accuracy 
in the 12x6 meter plate. In the produced results, the detection capability of the proposed 
technique is evident. As for defect localization, we observe that there is a slight deviation 
of the estimated location in the Y axis, corresponding to height. The reported deviation is 
under investigation in order to determine its origin and compensate accordingly to increase 
localization accuracy. 

5.1 Defects @ 30 KHz 
 

  

  

  



  
Figure 6. Baseline subtraction and Dynamic range expansion for Defects 1-4. 

5.2 Defects @ 40 KHz 
 

  

  

  

  
Figure 7. Baseline subtraction and Dynamic range expansion for Defects 1-4. 

5.3 Defects @ 50 KHz 
 



  

  

  

  
Figure 8. Baseline subtraction and Dynamic range expansion for Defects 1-4. 

5.4 Defects @ 60 KHz 
 

  

  



  

  
Figure 9. Baseline subtraction and Dynamic range expansion for Defects 1-4. 

6 CONCLUSION AND FUTURE WORK 

As illustrated in the results presented in Section 5, the proposed technique is able to detect 
and locate defects on the 6x12 meter plate with high accuracy. Defects appear as isolated 
oval-shaped regions in the image and can be identified easily by visual inspection.  

The experimental validation of the proposed technique constitutes the next step towards an 
established a defect detection technique for large plates, along with fine-tuning of the 
tomography image generation algorithm. Once experimental validation has been achieved, 
the automatic recognition of the defects using pattern recognition algorithms or neural 
networks will further enhance the ease of application of the proposed approach. 
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