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Abstract 
In the field of ultrasonic non-destructive testing of materials, the characterization of an indication is often based 

on the measurement of its sensibility towards the one of a reference located at the same depth. However, 

destructive analyses often show big difference between the real size and the estimated size based on reflectivity. 

Defect orientation, geometry and facies, proximity with other defects are influent parameters on signal amplitude 

and consequently, sizing error is overestimated or underestimated. 

The aim of this work is to study the interest of ultrasonic phased array to characterize indications using Full 

Matrix Capture and the Total Focusing Method. 

This functionality was applied to characterize isolated or grouped indications, tilted or not. It finally allowed to 

improve the characterization compared with the only reflectivity, in terms of sizing, orientation and 

discrimination. 
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1 Introduction 
 

Characterizing an indication by ultrasound method is often based on its reflectivity, that is to 

say on the amplitude of the echo. Destructive analysis always shows difference between the 

estimated indication size and the true size of the defect. 

 

Imaging techniques available and frequently applied nowadays allow, in addition to 

sensitivity, to obtain an image of the indication. However, this image is only workable when 

indication is taller than the ultrasound generated beam. 

 

The aim of this study is to evaluate the interest of ultrasonic phased array technology to 

characterize small defects like in rolled products for example. This technology gives images 

of the indication regardless its size, its orientation or its proximity to other reflectors. 

Electronic focusing is compared to Total Focusing Method. 

 

 

2 Configurations 
 

A 128 elements linear array probe, frequency 5 MHz and pitch 0.75 mm (aperture 96 mm) is 

used for these works. Two configurations are compared: 

 

- Electronic scanning: active aperture 32 elements, longitudinal wave 0°, electronic 

focusing at defect depth; 

- Full Matrix Capture and Total Focusing Method: successive activation of the 128 

elements of the probe, reception with all the elements, reconstruction a posteriori 

using TFM algorithm. 
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3 Characterization of indications 
 

These two configurations were numerically studied to characterize isolated or grouped 

indications, tilted or not, and porosities. Amplitudes are compared with the sensitivity of a 

reference reflector located at the same depth. 

 

Defects studied are representing laminated defect, that is to say two very small dimensions 

(width and thickness), and one longer dimension (length). For this study, length is 

approximately 1 mm. 

 

 

3.1 Reference reflector 
 

The reference reflector considered is a flat bottom hole diameter of 1.2 mm located at 50 mm 

depth. Electronic scanning and TFM are compared. 

 

    
Figure 1: Ultrasound response on a flat bottom hole with electronic scanning (left) and TFM (right) 

 

These results represent references for the two functionalities. Signals amplitude is 0 dB. 

 

Indications length is measured on these images at -6 dB:  

- 3 mm with electronic scanning 

- 1.3 mm with TFM 

 

TFM measured length is very close to the true length. 

 

 

3.2 Isolated indication 

 

The two configurations are applied on a defect modelled as a rectangular defect (length 1.2 

mm, width 0.1 mm). 

 

    
Figure 2: Isolated indication with electronic scanning (left) and TFM (right) 
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These results look like those obtained with the reference reflector. Indeed, modelled reflectors 

have the same length. However, amplitudes are about 20 dB lower than reference sensitivity.  

 

With conventional ultrasound, the same difference of amplitude as with phased array 

configurations is obtained. Sizing defect using -6 dB method is not relevant in that case 

because defect is smaller than ultrasonic beam. It is only possible to conclude that indication 

is less reflective than the reference reflector. Unfortunately, this result often makes conclude 

that the indication is very smaller than the reference reflector. 

 

Imaging allows sizing indications. Either electronic scanning or TFM, if amplitude is very 

lower than reference, even if error may be important, measured lengths are the same as those 

measured on the reference reflector. Thus characterization is improved because not only based 

on sensitivity. 

 

 

3.3 Grouped indications 

 

These two functionalities are now applied on a group of defects.  

 

 
Figure 3: C-scan obtained with ultrasonic phased array (electronic and mechanical scanning) 

 

Two long indications are detected. Electronic scanning and TFM are applied on this group of 

indications. E-scan and TFM results are compared. 

 

    
Figure 4: E-scan (left) and TFM (right) on grouped indications 

 

Electronic scanning still shows two indications of different amplitude (-14 dB and -18 dB). 

These indications measure 6 and 4.5 mm.  

 

On the contrary, TFM shows one long indication (-20 dB) and 3 smaller indications (-22 dB). 

The long indication measures 5.5 mm whereas the three small ones measure 0.8 mm and are 

spaced 1.5 mm. TFM improves resolution, characterization is closer to reality. It is possible to 

discriminate grouped indications. 
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3.4 Tilted indication 
 

With conventional ultrasound, a tilt of the defect results in a lower amplitude of the signal or 

sometimes no signal. This causes mistakes in characterization.  

 

On Figure 4, the long indication is tilted and detected both with electronic scanning and TFM.  

 

The defect giving these results is modelled with a tilt angle equal to 6°. When estimating the 

angle of indications obtained previously, on E-scan the measured angle is equal to 4.5° and on 

TFM image, it is equal to 5.3°. TFM seems one more time closer to reality. 

 

With FMC-TFM, it is possible to evaluate the angle of the indication with B-scan channels. It 

represents the elementary signals received per each channel for a given sequence (one shot 

with one channel). The following figure shows two B-scans channels obtained for a no tilted 

reflector and for a tilted one. 

 

    
Figure 5: B-scans channels obtained for a well oriented indication (left) and for a tilted indication (right) 

 

When the defect is well oriented, the maximum of energy is obtained at the top of the curve 

(shortest elementary time of flight). When the defect is tilted, this maximum of energy is 

displaced on a side of the curve, that is to say for a path that is not the shortest. The angle can 

be measured from the depth of the reflector and the channel deviation between the top of the 

curve and the maximum of amplitude. On this B-scan channels, the angle is equal to 5.3°, 

which is coherent with previous result. 

 

 

3.5 Porosities 

 

A last application is studied to evaluate the interest of TFM to characterize small indications. 

It concerns the evaluation of group of porosities. Indeed, the previous results showed the 

advantage of TFM to discriminate indications close to each other.  

 

With conventional ultrasound, some noise would be observed. Electronic scanning gives an 

image that shows this noise. The improvement of resolution with TFM allows a better 

discrimination of the porosities.  

 

The following figure shows the results obtained numerically when considering a multitude of 

small defects close to each other. Modelling was realized for the two configurations 

(electronic scanning and TFM). 
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Figure 6: E-scan and TFM obtained with a multitude of modelled defects 

 

With TFM, a better discrimination of the different sources (porosities) is obtained. For 

example, the long indication of high amplitude located in the upper left of E-scan is in fact the 

sum of several smaller indications very close to each other. 

 

Concerning sensitivity, the average amplitude of porosities obtained with electronic scanning 

is about 12 dB lower than reference amplitude. With TFM, this average amplitude is 18 dB 

lower than reference amplitude. These small reflectors are less reflective. The number and the 

size of these numerous small indications are better estimated. The harmfulness of these 

porosities may be revised downwards. 

 

 

4 Improvement of TFM 
 

To go farther, we modelled three different sequences of shots to characterize a defect: 

 

- Single point electronic focusing (at the defect depth) and mechanical scanning; 

- FMC as described at the beginning of this paper: successive activation of all the 

elements of the probe and reception with all the elements of the probe; 

- SAFT with phased array probe: successive activation of all the elements of the probe, 

reception is equal to transmission (1 element transmitter and receiver). 

 

For both FMC and SAFT configurations, reconstruction is made using TFM algorithm. 

 

These configurations were applied with a 32 elements linear array probe, frequency 5 MHz 

and pitch 0.6 mm.  

 

The modelled defect is flat and 2-mm-long. It is located at 20 mm depth. At this depth, 

generated focused beam is smaller than this defect. Sizing indications using -6 dB method 

may be relevant. 

 

The following figure shows the results obtained for the three configurations. 

 

       
Figure 7: Images obtained with single point focusing, FMC and SAFT 
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The echo-dynamic curves obtained with the three configurations are compared on the figure 

below. 

 
Figure 8: Comparison of echo-dynamic curves obtained with single point focusing, FMC and SAFT 

 

For the three configurations, the -6 dB method gives the following lengths for the 2-mm-long 

defect: 

- Single point focusing:  2.1 mm 

- FMC:  2.2 mm 

- SAFT:  2.0 mm 

 

The measured length on the SAFT result is the best one. It seems possible to improve 

characterization applying TFM on a SAFT sequence instead of FMC. Similar results were 

experimentally obtained in spite of a decrease of signal to noise ratio (still acceptable in our 

material).  

 

 

5 Conclusions 
 

With these works, the interest of TFM applied to sizing small defects was studied. Currently 

characterization is based on the sensitivity of these small indications. However, size, 

orientation, and proximity to other indications are influent parameters on the amplitude of 

received signal and on the quality of characterization. 

 

Applying TFM improves sizing small indications, discrimination of grouped indications, and 

determination of indication’s orientation. Moreover, the characterization of the number and 

the size of porosities can be improved.  

 

These numerical results were confirmed experimentally. Applying FMC and TFM allowed to 

size defects smaller than 1-mm-long. Several very small defects close to each other were 

discriminated with TFM whereas one indication of high amplitude was obtained with 

electronic scanning. The orientation of a tilted indication was determined whereas it was 

difficult to detect it with electronic scanning. The size and number of porosities in a specimen 

were better evaluated than with electronic scanning; the noise due to porosities was lower 

with TFM than with electronic scanning. Information on the shape of the indication was also 

obtained with TFM.  

 

Finally, according to modelling and experimentation, TFM applied to a SAFT sequence 

seems to further improve the results compared to TFM applied to a FMC sequence in spite of 

an increase of noise. According to bibliography, the TFM applied to a SMC (Sparse Matrix 

Capture) seems to be an interesting compromise. It may be the solution to characterize very 

small indications. 


