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Abstract

Based on various ultrasonic CT technology that hawen bdeveloped, a new type
ultrasonic CT is proposed. One array transducer is useztitelé at only one or two position
on a specimen, and then created the received signalriast. With the received signal list
array, the authors obtained a new algorithm, named vidceh, which reconstructed the
image of the specimen from both the amplitude and theepbha received signal. Dealing
the entire signal array with this method, the authorsaagwetty image of the specimen, so the
new method is effective in the situation of the expents.
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1. Introduction

Generally, there are two basic types of the ultrasoffici.€. transmit CT and reflection
CT. As shown in figure 1, the transmit ultrasonic CTth& emitter and receiver are face to
face, the specimen is between them, and the receiyedl $s assumed to be the ultrasonic
wave transmitted along the ling,, in the specimen; and the reflection ultrasonic CT (figure
2) is, the emitter and receiver is at the same sidineofspecimen, the received signal is
assumed to be the echo wave along the linge in the specimen. Different to the B-scan,
while the CT working, both the transmit type and tHotion type, are need to circumrotate
around the specimen, in order to get different signal feweny directiof 12 B4,

About transmit ultrasonic CT and reflection ultraso@i€, the common assumption is
the ultrasonic wave transmitted in the medium alongraight line, the same with X-ray.
Then using the flight time or amplitude attenuation,ithage is reconstructed, which is the
distribution of the ultrasonic velocity or the absaptproperty in the specimen. So the
calculating models are the same to the X-ray, the iétgorof the X-ray CT could also be
used in these two types of ultrasonic CT, e.g. the algorbased on fourier slice theorem,
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and the filtered back projection method etc. The calewdpeed is fast enough for real-time
imaging, but the quality of the images are not so wellabse of that in most of the material,
the ultrasonic doesn’t transmit in a straight way.
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Figurel. transmuat ultrasomic CT Figure?. reflection ultrasomic CT

To describe the transmit path of ultrasonic accuratély, refraction and diffraction
(collectively as scattering) of the ultrasonic must be taken intmwadc The diffraction
tomography is a technology of this kind, that is basedhenfaurier diffracting projection
theorem, shown in figure 3. This theorem is similarh® fourier slice theorem of the X-ray
CT, but the difference is, the projection data of tharier slice theorem is transformed to a
straight line belong to the fourier translation of thigect in the frequency domain; or the
other is transformed to a half circle belong to the dbrethe frequency domain.

So far, almost all the ultrasonic CT are based on theiplte described before, the
algorithm of them are only processing with the amplitufi¢he receiving signal, but not
considering the phase message of the signal. And athétleod need to rotate the transducer
or the detecting objects, or set the transducer incke@around the detecting objects, in order
to get enough data to reconstruct the image.
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Figure 3. the founer diffracting projection theorem

2. Phase Reversed Image Reconstruction Method of Industriblitrasonic CT

2.1 Principle



While the border situation, acoustic property of the omadiand the emitting position
on the border are fixed, the acoustic field in the onedtaused by an ultrasonic transducer is
also fixed. As shown in figure 4, that’s the transfoioratat different time of the acoustic
field caused by an element belong to a phase transduceandbtained that if the elements
of the array transducer are triggered one by one, and arh#ddement is triggered, all the
elements (including the emitting one) is receiving; wtienall the elements have been
triggered, a receiving signal list array is formed, th@al list array included all the
information that the array transducer could get at thestipa. Using the signal list array we
can make a virtual scan of the detecting scope of thg sansducer.

Figure 4. dynamic photoelastic photos of the acoustic field caused by an

As the acoustic field signal at a spatial point causedlllihe elements with appropriate
delay to each one, is the same as the signal recbivall the elements with the same delays
while there is a point source at that p&iht The spatial points or scattering points in the
detecting scope could be treated as point sources, aggdodthe positions contrast to the
array transducer; we can delay the signal from the kigbarray with corresponding time,
that’s determined by the flight time, and sum up all tHayael signal, so the acoustic field
signal of the scattering point is obtained (phase redg¢rdVhile the acoustic field signal of
every point in the detecting scope is calculated, theasdhic CT imaging is finished.
Because that while calculating the image, we can @&tues spatial resolution, and scan the
whole detecting scope, so we called this method virtual Sdze principle of the virtual scan
is shown in figure5.

2.2 Virtual scan and phase reversed image reconstruction

As in figure 5, assumed the target p@nsg any virtual scanned point (scattering point)
in the detecting scope, using an array transducer whexseeis amount ¥ , while the
elementj is emitting, and all the elements is receiving, theahof signal list can be got
iS N, and the signal list could be record as:

Fehler! Es ist nicht moglich, durch die Bearbeitung von Eldfunktionen Objekte zu

erstellen. (1)

W is the signal lists when the element i is emittitige figure6(a) isw,,, i.e. the
element 18 emitted, and all the elements received, thasxis sample points, and the y axis
is the receiving element index.

In formula (1)Wij (n),i,j = 0L2A N-1n= 012A ,M -1, represent for the signal
received by element j when the element i is emittMgds the sample points’ amount of time
signal. If i=j, it is the signal emitted from elemetnd received by itself.
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Figure 3.
Industrial Ultrasonic CT(virtual scan)
The acoustic field signal of spatial poirIR(x, y) could be extracted from signal unit
(2)

w; (n) as:

p; (%, y,n) = w; (n)win, (n)
win, (n) is a time window function whose center is, length is 2|, |, is determined
=t (3)

as:
I, =INT (t, /8t )t = c
Where, C is the velocity of the ultrasonic in the medium, and r, are shown in

figure 5, those are the distance between elemant ithe virtual scan poiR(x,y), and the
(4)

distance between element j @&, y), At is the sampling interval.

can be calculated as:
I=INT ( A/cat) )

I
INT (.) is the rounded functior, is wavelength in the medium.
According to the actual situation, different winddunction could be changed. In this

paper, the follow window function is used:
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Figure 6. B W W o Mg 3 from the array transducer A in figure 8

As the acoustic field signal at a spatial point causedlllihe elements with appropriate
delay to each one, is the same as the signal recbivall the elements with the same delays
while there is a point source at that pdiht The acoustic field of any virtual scanning

pointP(x, y) in the detecting scope could be calculated apmabely as follow:
Fehler! Es ist nicht moglich, durch die Bearbeitung von Eldfunktionen Objekte zu

erstellen. (6)
Where, 0<sn< 2.

Figure 7 shows the comparison of the signal fromad scattering point (indicated as 1)
and the signal from a fictive scattering point {@aded as2), in the figure 3 is the origin
signal received by a single element,w”e(n) :

Select the imaging parameter from the signal catedl by formula (6), the parameter
can be the maximum amplitude, the wave front aogdéf the mean amplitude, etc. The
parameter is the gray value @f(x, y) in the reconstructed image. Processed every point

the detecting scope like this, the rough image mstraction of the detecting scope could be
built up. That's the phase reversed image recoctsbru



This method summed up many groups of signal, so the smedtect filtered the noise.
If the target point is not a real scattering poing, ginay value of it is very near to zero (figure
7). Experiments showed that this method is effectivedagh imaging of the specimen.

But if the scatterer is in some special shape, e.gliader cavity, the rough imaging
does not go well, so the amendment is needed. The ameméihgd included correlation
analysis, wave front analysis, signal lists congmarj etc. And optimized formula (2) and
formula (6), then a image with well quality would bertheFor the space is limited and the
amendments and optimization is complex, those wilibeussed in another article.
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Figure 7. comparison of signal from a real scattering point (indicated as 1) and
signal from a fictive scattering point (indicated as2). 3 indicated to the signal w, (n)

3. Experiments

The specimen tested is a titanium alloy CSK-IA spenithat is showed in figure 8, two
linear array transducers named as A and B are set a® sfithe figure, the area surrounded
by dotted line is the detecting scope for rough imaging, imeggion | is for array
transducer A, image sectiosis for array transducer B. In the figure, the scattgnnterface
is indexed as interfacel, interface2, etc.

The array transducer A has 48 elements, and the elenag@ts ilmmx20mm,
frequency is 6.25MHz; the array transducer B has 25 elemeletments parameter is the
same with A. The thickness of the specimen is 20mm.

Using the linear array transducer A, performed virtual soah phase reversed image
reconstruction (rough imaging) in the detecting scope “In&emion {’(showed in figure 8),
figure 9 showed the imaging result(the spatial resolutforirtual scan isImmx1lmm). The
gray value in the image is determined by the maximum awmdglithat calculated by formula
(6). In figure 9, the scattering interface is imagedrtjeand the positions of the scattering
interface are accurate enough at the spatial resolatimmmx1mm. And about the interface
is not imaged, while the rough imaging is extended, thmisgface would come out.
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Figure 8 titanium alloy CSK-IA specimen and imaging parameter layout
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Figure 9. using array transducer A in the detecting scope: Image Section I; the
rough imaging result (the spatial resolution of virtual scan 15 Limim < Lo )

Using the linear array transducer B, performed virtual soah phase reversed image
reconstruction (rough imaging) in the detecting scope “Ingagion 4”(showed in figure8),
figure 10 (b) showed the imaging result(the spatial reswlutf virtual scan islmmxlmm).
The gray value in the image is determined by the maximuplitaiche that calculated by
formula (6). In figure 10 (b), all scattering interfaseimaged at the right position, but the
shape of the scattering interface is not very accuiidten the amendment method (wave
front analysis etc) is used, imaging in the detecting stiopeal Image Sections! (showed
in figurel0 (a)), and the result is shown in figurel0t{®,shape of the scattering interface is
more clearly and accurate.

4. Conclusions
The virtual scan and phase inversed image reconstructibndlegy is proposed in this

paper. Using this technology, with a linear array transdtifs set at only one position,
some well quality images were reconstructed abouttdn@um alloy CSK-1A specimen.



For this technology is still in developing, differenbm other Ultrasonic CT which is
base on the linear assumption or weak scattering @gumabout it there are still lots of
theorem and technology questions needing to be studied.
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Figure 10. rough imaging and amendment result
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