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Abstract 

Computed tomography (CT) imaging usually involves collecting X-ray images of a volume as the X-ray source 

and detector are rotated around the volume.  A novel adaptation of CT imaging has been developed using the 

photoelastic images of ultrasonic pulses in a clear medium.  After collecting images over a 360° range of beam 

rotation, the images are reconstructed in a voxelated volume that can be viewed in three orthogonal planes or 

rendered and manipulated for on-screen dynamic viewing.  
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1.  Introduction 
 

Computed tomography (CT) using X-rays has been commonly available since the 1970s [13]. 

Use of X-ray CT in non-destructive testing applications has been well documented [1, 2, 3, ].  

 

Computed X-ray tomography is the process of collecting 2 dimensional images of attenuation 

maps of an X-ray beam that has passed through a test object at successive rotational positions. 

From the projection images, the attenuation coefficients of the entire volume is estimated 

using advanced mathematical algorithms. These reconstructed volumes can then be rendered 

for three-dimensional viewing.  

 

The principles of the typical X-ray CT are illustrated in the schematic in Figure 1.  On the left 

side of Figure 1 the sample is stationary and the X-ray source and detectors move. This 

configuration is used medical CT scanners. On the right side the other option is illustrated 

whereby the X-ray source and detector are stationary and the sample rotated.  
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Figure 1 Schematic of the X-ray CT setup.  Either the source and detector can be moved 

or the sample can be moved. 

 

Ultimately the goal of CT is to provide a three dimensional image of a volume.  A more 

general term for this process is tomography.  A “tomogram” is produced by cross-sectional 

images generated by any variety of penetrating waves or particles.  Examples other than X-

rays include; neutrons, terahertz radiation, positron-emission, magnetic resonance imaging 

and even optical projection.  

 

In most cases a tomogram is made by placing a source on one side of the region of interest 

and a receiver on the other side of the region of interest and rotating the transmitter and 

receiver about the object.  The 2D projections or slices can be reconstructed to produce a 

rendered image of the 3D volume of interest.  There is a version that uses the transmitter and 

receiver on the same side.  For example, ultrasonic B-scan images are effectively “slices” of a 

volume made by collecting the time of arrival signals in a pulse-echo configuration.  Erhard 

[4] referred to this as echo-tomography.  When a sequence of B-scans is collected along a 

scan-path it is easy to imagine how the volume can be reconstructed using the echo 

amplitudes to locate boundaries.  This is the principle behind projection-view analysis (see the 

R/D Tech Tomoview™ Cube [5]).  Unlike the rotating source and detector setup for X-ray 

CT, echo-tomographs do not need multiple angles or multiple rotational directions of 

approach to the test object. 

 

In this paper we consider computed tomography in a more general way as a 3D imaging 

technique where the source and receiver rotating around an optically transparent object.  The 

process we describe pivots neither the sample volume nor the source and receiver.  Instead, 

the “item” of interest in our setup is the region where an ultrasonic pulse is located.  By 

pivoting the probe as the pulse is imaged in a photoelastic setup, the pulse shape can be 

reconstructed.   

 

The concept of using CT in conjunction with ultrasonic pressure fields has been considered in 

schlieren images [6,7,8].  Caliano’s [8] work used continuous wave schlieren whereas the 

others used pulsed ultrasound.  

 

Limitations of schlieren imaging have been noted by one of the authors [9].  Although very 

effective at imaging compression mode ultrasound in water, schlieren methods are not capable 

of visualising the shear mode of vibration which is of particular interest in industrial 

applications of ultrasound.  To image the shear mode in solids, photoelastic imaging is used. 

 

Tsuyoshi Mihara [10] was the first to experiment with the concept using CT algorithms with 

photoelastic imaging.  Since his paper no further development has been reported.  Mihara 

used a motorised rotational platform and photoelastic system to capture images of a pulse 

from a 20mm diameter 2.25MHz circular element.  He opted to collect only 180° of image 
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rotations as is often the case for X-ray CT where symmetry exists.  Mihara used the 0° 

projection profile as equivalent to the 180° projection profile and mirrored the projections for 

360° coverage.   

 

In this paper, we build up on the concept originally brought-forward by Mihara, and present 

two notable improvements: pulses from a rectangular aperture of a focussed linear array have 

been CT-imaged and pulses of an angled shear mode have been imaged.   

 

 

 

 

2. Setup 
 

Schlieren CT of a pulse in water has previously been demonstrated. However, the photoelastic 

visualisation process produces a relatively weak image in water.  Therefore, all of the CT 

images of pulses produced using photoelastic imaging were made in glass.  

 

Figure 2 illustrates the setup used to capture the photoelastic images for the CT processing.  

 

 
 

Figure 2 Photoelastic System Setup for CT imaging of pulses 

 

The configuration was made to align the beam rotation axis as closely as possible with the 

rotary stage pivot point so as to maintain a relatively fixed distance to the beam centre axis.  

This precaution was taken because the focal depth of the zoom macro lens cannot 

accommodate large changes in the distance to the object (pulse).  Photoelastic images were 

captured at 5° and 10° intervals of rotation and stored in a directory for processing.   

 

Mihara’s setup was limited to a simple circular aperture that was easily centred with the 

imaging system.  The setup used in this project imaged a variety of aperture shapes including 

a rectangular aperture.  Since the pressure distributions in rectangular probe apertures do not 

always exhibit perfect of rotational symmetry, especially if slightly offset from the axis of 

rotation, images were captured over 360° of rotation instead of just 180°.  
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Basic to CT imaging is assigning volume elements to the imaged volume.  Each 2D image 

can be considered to be a map of intensities of the illuminating source after it has been 

attenuated by the glass-sample.  The same principle is used on computer monitors and we see 

images as a result of changes in colour and intensity generated by each pixel on the monitor.  

If the image map is translated in small steps (linear or rotational) the pixel (or 2D grid) can be 

imagined to trace out small volumes (voxels).  By mapping the maximum intensity of each 

voxel, a 3D image can be generated.   

 

Customised software was developed that allowed us to process the 2D images.  Images were 

captured by a CMOS camera with 1280 x 1024, 5.2 µm square pixels.  The images were then 

converted to grey-scale to preserve image intensities and down-sampled to 640x480 

dimensions to reduce file size while still maintaining adequate resolution. For each pixel row, 

a tomographic image of size 640x640 is reconstructed with filtered-back projection algorithm 

[14]. Thus, for all the pixel rows a stack of cross-sectional images is obtained, resulting in a 

volume with 640x640x480 voxels.   
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3. Photoelastic Imaged Pulses 
 

The process of CT imaging a compression mode transmitted into a clear medium is relatively 

simple in that this can be done in a contact or immersion setup as indicated in Figure 2.  The 

probe is simply pivoted by turning the rotary stage and the image captured at each rotational 

step.  Once all images are completed for 360° of rotation they are ready for processing.  

 

When shear mode is being imaged in three dimensions the limitations of the photoelastic 

process must be kept in mind.  Photoelastic imaging relies on the light path and sound 

propagation direction being at right angles to one another.  In order to achieve the mutual 

right-angle conditions it is necessary that the plane of the incident angle remain constant 

while the probe is rotated.  This is not possible when using a contact refracting wedge.  To 

overcome the problem, the probe was mounted in an immersion setup such that the beam was 

perpendicular to the water surface and the glass sample tilted so the sides facing the light 

source remained perpendicular to the light path.  Figure 3 illustrates how the refracted beams 

are held in the same plane even though the probe is rotated through 90° (a linear array with 

rectangular aperture is modelled in Figure 3).  

 

 

 
 

Figure 3 Immersion Setup for CT imaging of shear-mode pulses.  An inclined entry 

surface provides a constant refracted angle as the probe is rotated (green ray represents 

compression mode and red ray represents shear mode). 

 

 

3D Slicer software [11], used commonly for the processing and visualization of multi-

dimensional medical data-sets, allows extraction of the 3 mutually perpendicular planes for a 

basic viewing.  An example is seen in Figure 4.  

 

Active Aperture Passive Aperture 
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Figure 4 3 mutual planes extracted from voxelated volume of CT processed pulse (3D 

Slicer software [11]) 

 

Using a 5MHz linear array with 24 elements focussed at 25mm, the pulse was captured in 

glass at approximately 25mm soundpath (i.e. near the intended focal point).  An example of 

the photoelastic images used is shown in Figure 5.  Figure 5 indicates that the pulse is a single 

cycle (one bright to dark sequence at the focal point).  This corresponds to a single 

wavelength of about 1.8mm in glass.  

 

 
Figure 5 Photoelastic pulse viewed at 90° at calculated focal distance in glass 
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Using the 3D Slicer software, a series of images is extracted as indicated in Figure 6.  The 

images in Figure 6 show the “top view” on the left and the 3 mutually perpendicular planes on 

the right.  Starting at the leading edge of the pulse and extracting a top-view slice over the 

range of the single wavelength it is obvious that the spot shape at the focal point is oblong.  

Note that the passive axis is oriented vertically and the active aperture axis is horizontal.  

 

 

  Leading edge of pulse 

 

 

 

  Trailing edge of pulse 

 

Figure 6 Top View slices at the focal point in glass 

 

 

 

Passive axis 

Active axis 

Top View Slice locations at 

approximately 2 voxel spacings 

(approximately 0.3mm steps) 
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4. Examples of CT Pulse Rendering 
 

By selecting the volume of interest, the imaging software can use a variety of algorithms to 

enhance the voxels so as to provide a rendered volume.  This is used to generate a 3D-type 

image instead of the individual slices.  

 

Examples of rendered CT volumes are provided to in this section illustrate the pulse shapes 

obtained with CT of photoelastic pulse-imaging.  These rendered images can be manipulated 

on screen or frame-stitched to produce 3D videos of the volume being rotated.  Software such 

as 3D Slicer and Paraview [11, 12] are available for this function.  

 

 

 

4.1 High Aspect ratio aperture L-mode in glass 

The ability to obtain actual beam shape using the CT method is perhaps best illustrated using 

a high aspect ratio rectangular aperture.  A pulse was formed using a 30 element unfocussed 

delay law at 0° contact in glass. Pitch of the 5L64 probe was 0.6mm and the passive aperture 

10mm making the active aperture 18x10mm.  

 

Photoelastic images captured for this aperture had a lateral field of view of 37mm.  Figure 7 

indicates the pulse shape at 20mm of sound travel in the glass.  The rectangular shape of the 

pulse is clearly noted.  In the Top view (upper left) the centre of the camera image rotation is 

seen at the centre of the circular outer ring.  We note that it does not align exactly with the 

centre of the rectangle.  Using the edges of the diffraction arcs as an indication of the plane 

wavefront, dimensions of the pulse are very near the calculated physical aperture, i.e. 

18x10mm.   
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Figure 7 Top-Side-End views with 3D slices for 18x10mm aperture unfocussed pulse.  

Civa model of the pulse at the same depth indicates similar dimensions but a distinctly 

different pressure pattern. 

 

Selecting a colour palette that provides weak background intensity can be used to indicate the 

rendered volume outline (pale blue in Figure 8).  On the left side of Figure 9, the rendered 

pulse is scaled to the physical setup on the glass block and the rendered volume is zoomed 

and tilted to allow shape assessment on the right.  

 

 
 

Figure 8 Rendered views of the 18x10mm aperture unfocussed pulse 

 

11 mm 19 mm 
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4.2 0° L-mode in glass 14x10mm aperture 5MHz PA probe 

ParaView software allows the stacking of rendered volumes.  Using this feature, the pulses 

from a linear array delay law, focussed at 40mm in glass, was stopped at 20mm, 40mm and 

60mm depths.  At each depth a 360° rotation was made to produce separate CT images.  To 

illustrate the layout, the rendered image for the 3 pulses was overlaid on a Civa model (see 

Figure 9).  The stacked rendered volumes are seen to the right of the Civa overlay.  Stacking 

the volumes shows how the spot size is smallest at the 40mm focal depth and is notably larger 

(and non-circular) both above and below the focal depth.  

 

    
Figure 9 Stacking of rendered views 

 

 

4.3 45° S-mode in glass 2.25MHz 12.5mm diameter immersion probe 

Photoelastic images were captured of the pulse from a 2.25MHz 12.5mm diameter immersion 

probe after passing through 25mm of water and travelling approximately 25mm in glass. The 

photoelastic image obtained is overlaid on a Beamtool model of the setup in Figure 10.  The 

resulting angled beam needs to be corrected for the refracted angle prior to voxelation and 

processing.  

 

Pulse at 

20mm depth 

Pulse at 

40mm depth 

Pulse at 

60mm depth 
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Figure 10 Immersion setup to achieve 45° shear mode pulse  

 

After extracting the volume of interest and rendering, a symmetrical beam spot is apparent as 

illustrated in Figure 11.  On the left side image in Figure 11 the rotation of the rendered 

volume is such that the volume view presents the same view as the 2D image and it is 

possible to make out three cycles in the pulse.  Sufficient background shading was used in the 

rendering to preserve the faint outer edges of the wavefront and the palette was adjusted to 

contrast the positive and negative phases in the pulse.  On the right side image, approximately 

45° of spin is applied to show the nearly circular shape of the pulse with the larger cycle 

leading and the second and third cycles slightly smaller and trailing.  The spherical objects 

above and below the 2 cycles of the pulse are processing aberrations.  

 

  
 

Figure 11 45° shear mode pulse rendered and pivoted  
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5. Conclusions 
 

A novel process of producing CT images of ultrasonic pulses from photoelastic images has 

been used to illustrate 3D slices and rendered views of compression and shear modes in 

solids. 

 

Custom software was developed to assemble 2D photoelastic images into a voxelated volume 

that is composed of image intensities that can also provide information about the phase of a 

pulse.  

 

Open Source software allows regions of interest to be selected and presented as slices through 

the volume or rendered and manipulated in a 3D format on the computer monitor.   

 

3D rendering of the pulse provides a better understanding of the possible sources of artefact 

signals that may occur due to non-uniformities in the beam.  
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