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Abstract. Important progress in Non-Destructive testing with ultrasound has been 
achieved by the introduction of image creating methods in general and by the 
introduction of phased-array-based image creation in particular. While most of this 
progress is attributed to the application of image reconstruction methods based on 
the receiver side by applying complex, typically time-of flight based algorithms, the 
transmitters have remained unchanged within the years.  
 Within this publication, we present a method to shape ultrasonic fields. With 
the aid of a special transducer type and the physical theory from the Time-Reverse-
Mirror technique, it is possible to generate ultrasound fields, which differ 
significantly from those that can be generated with simple delay-law techniques. 
While the latter allow the classic steering and focusing or a combination of both, the 
intensity-distributions allow a higher complexity. Comparable to optical holograms, 
a three-dimensional image is created, that is characterized by a series of focal spots, 
which in total describe a generated optical image in the three-dimensional space. 
This image may now be used to further optimize ultrasonic testing scenarios. Along 
with suitable simulations, we discuss the physical potential and consequences, 
present experiments that underline the theory and discuss scenarios for successful 
applications in NDT. 
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The Time-Reverse-Mirror Method 

The Time-Reverse-Mirror Technique [1,2,3] is an iterative Method, which takes advantage 
of the invariance of the governing physics with regard to an inversion in time. Simplified, it 
means, that a propagating ultrasonic field can be propagated back to its origination if one 
mathematically assumes time would run in negative direction. Despite of the fact, that real 
systems can only approximately cover the strict requirements needed for the rigorous 
validity, one can use the principle to allow the generation of non-uniform sound fields 
using suitable transducers and suitable ultrasound transmitter circuits.  
Table 1 illustrates the major steps assuming the application of a linear array: a first primary 
emission aims to generate a most homogeneous, plane wave to propagate into the material, 
potentially being emitted under a suitable angle. After emission, potential inhomogenities 
will reflect portions of the ultrasonic wave back to the transducer from which the wave 
originated (step2). Dependent on these reflectors, mainly their shape, location and 
orientation, within the raw data received by the elements of an array a typical signature can 
be observed. The recorded reception curves are inverted in time and serve as excitation 
curves for the secondary emission, which is the third step.  
 

 

 
Primary Emission:  
 
Emit a mostly plane wave into the desired direction 
with a phased-array probe 

 

 
Primary Reception:  
 
Record Single Element A-Scans, reflector 
characterstics coded therein 

 

 
Secondary Emission:  
 
Emit time inverted single Element A-Scans to 
obtain multifocal sound-field 

Fig. 1: Application of the Time-Reverse-Mirror Technique  
 
Due to the time inversion principle, the recorded signature in step 2 is exactly the focusing 
relation for the particular position of the reflector and will lead to a focusing of the beam to 
this position. If there are more reflectors, a multifocal image will be generated. A fourth 
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step would again record the now inforced signals from the reflectors and evaluated those 
with a standard imaging or non-imaging evaluation technique. Any method, like DDF or 
Paint-Brush evaluation could be used on top of this [4,5]. 
 

Computer-generated Holograms 

Nowadays, as phased-array systems are well established and serve as state-of the art in 
ultrasonic NDT, advanced methods like Time-Reverse-Mirror get back into the focus. 
Herein, we present a method, how the general principle can be used, but more adapted to 
the daily problematic in ultrasonic NDT.  
If one extrapolates the multifocal Sound field, one can think of these multiple foci to be the 
image points of a three-dimensional image. If one now considers a typical region of interest 
or a geometric boundary within a test pieces as this image of multi-focal points, one can 
deduce mathematically the excitation curves needed to generate a sound field that is 
tailored to test exactly this region of interest [6].  
 

 

 
Image of the Sound-field to be generated 

 

 
Calculation of the transfer function 
 
 

 

 
Generated sound-field using the transfer 
function as excitation 

Fig. 2: Generation of complex sound-fields 
 
This is the acoustic counterpart of what is known as holography in optics: a hologram is a 
real image in 3D-space. This image consists of points and shapes, where the coherent light 
wave interferes constructively, i.e. the points or shapes are in phase. In ultrasonic NDT one 
deals with transient fields, however, a 3-dimensional acoustic image is characterized in the 
same way as described above. 
A mathematical algorithm to calculate the excitation function or transfer function, just takes 
into account, that there exists a plurality of points in space, where the emitted ultrasound 
shall interfere in a constructive way, which is exactly what happens in the primary shot and 
primary reception of the time-reverse mirror procedure. The appropriate phase-shift can 
then be easily calculated. Fig. 2 illustrates the procedure with a desired image, the 
calculated transfer function and a simulation of the acoustic image.  
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unfocussed sound field focused sound-field focus-hose Sound field 

Fig. 3: Application of the Time-Reverse-Mirror Technique  
 
Figure 3 shows a more realistic example. For test situations with comparably long sound 
paths, a general question needs to be answered: on the one hand, one can use unfocused 
beams. Those show typical variations in near field and focus at a typically large depth 
inside the material, while the resolution at near surface is comparably low. PA-Systems can 
overcome this by electronic focusing, but this is connected with a reduction of sensitivity in 
space. Using a holographic system, one could think of a continuously quasi-focused 
ultrasonic focus hose, which could combine the best of both in a single shot. In particular 
for automated and mechanized test scenarios one can optimize processing speed using these 
concepts in combination with receiver processing means, as e.g. DDF.  
 

Examples and experimental verification 

To study the behavior of the transmitter, a laboratory transmitter system was realized, 
which could be triggered against a conventional immersion tank. An 8x16 element phased-
array probe served as transducer, while a hydrophone was used as reception equipment. 
The array frequency was 2MHz and the pitch was 0.9mm x 0.9mmProcessing the signals 
emitted by the 2D-array and received by the hydrophone, conventional C-Scans have been 
generated, that show the sound-field distribution in water. In parallel, simulations have 
been carried out to verify the model. For the measurements in this context, a virtual probe 
of 8x8 elements was applied.  
 

  

 
3D Image Simulation Measurement 
Fig. 4: Application of the Time-Reverse-Mirror Technique  
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In order keep the effort simple, a ring-shaped sound field was chosen as target image. 
Figure 4 illustrates the results: on the one hand, the target image is a simple ring, all points 
shall have the same intensity, but already the simulation shows, that the square shape of the 
2D array has a significant influence on the amplitude depending on the direction. However, 
it is obvious, that this type of sound-field significantly differs from a conventionally 
generated sound field. The experimental measurement is in excellent qualitative agreement 
with the simulated result.  
One may consider the inhomogenities in a ring shape target image undesirable, so the 
question arises, if a homogenization is possible. This can be achieved by weighting the 
target image in an appropriate manner. Figure 5 shows the result of a heuristic weight 
within the ring shape target image. The experimental verification of the result is 
characterized by a general tendency into the right direction, but additionally shows up with 
non-symmetric inhomogenities. These are attributed to the variations of the elements of the 
matrix array itself. Changing the weights keeping these differences in mind finally allows a 
well homogenized ring-shaped sound field.  
 

 

  
Homogenized, ring-shape 
sound field / simulation 

Homogenized, ring-shape 
sound field / measurement 

Homogenized, ring-shape 
sound field / optimization 
including probe variation  

Fig. 5: Homogenization 
 
Finally, an evaluation of amplitudes within the sound-field has been carried out. To get an 
idea, how the ring-shaped sound-field differs from conventional sound fields, a set of 
measurements has been created. To compare with the both situations described above, a 
perpendicular shot without delays, and a simple phased-array based deflection have been 
selected to generate a comparative rating.  
Table 1 shows the results from these measurements. A perpendicular shot without the 
application of any delays serves as reference. The first measurement is carried out to a 
single point with an azimuthal angle of 19° into the polar direction at 0°. The amplitude is 
the maximum value on the polar axis at zero degree. And is about 6dB smaller than the 
perpendicular shot. This shot is compared to the unweighted and the weighted ring-shaped 
sound field. One observes, that the amplitude decreases for a value of about 10dB 
compared to the angular shot. This effect appears reasonable, since the overall energy is 
distributed over a much larger area than the concentrated shot to one position. The 
homogenization leads to a slightly better value in this direction. Generally, the simulation 
shows a similar tendency as the measurement, however, there are variations within the 
relative values. This should not be overestimated within this context, since no special 
regard to the optimization of the experiment and it’s tolerances has been attributed.  
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Type Simulation 
Values 

Simulation Measurement 
Values at 

80% 
Amplitude 

perpendicular 

 

314 –  
0dB 

76dB 

19° deflection,  
0° polar 

 

223 –  
3dB 

82.5dB 

Ring-shaped 
unweighted, , 
19° deflection, 
0° polar 

 

34.2 – 
19.25dB 

92dB 

Ring-shaped 
weighted,  
19° deflection, 
0° polar 

 

41.8 – 
17.5dB 

93.5dB 

Fig. 6: Quantitative Results 
 

Conclusion 

It has been demonstrated within the scope of this publication, that it is possible to generate 
complex sound-fields on the basis of programmable Transmitters to optimize test-scenarios 
in NDT. The applied algorithm for generating the necessary transfer function derived from 
the Time-Reverse-Mirror principle within the concept of computer-generated holography, 
has been proven to work, which could be verified by simulations and experimental results. 
The simulations have further been proven to be in good qualitative agreement with the 
experiment. However it should be noted, that this algorithm should not be used in a naïve 
way, because effects of diffraction and interference dependent on the shape and 
performance of the phased-array probe influence the result in a way, which cannot be 
predicted by the geometric model of the computer-generated holography. But it has also 
been shown, that compensations are possible and can be successfully applied.  
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