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Abstract. The article proposes a method of preliminary eation processing of a complete
set of antenna array signals used in the imagenstawtion algorithm. The results of
experimental studies of 3D reconstruction of vasioeflectors using and without correlation
processing are presented in the article. SoftwirealSystem3D’ by IDeal-Technologies was
used for experiments. Copper wires of differentrdigers located in a water bath were used as
a reflector. The use of correlation processing rmaitepossible to obtain more accurate
reconstruction of the image of the reflectors andricrease the signal-to-noise ratio. The
experimental results were processed using an atigirogram. This program allows varying
the parameters of the antenna array and sampbggéncy.

1. Introduction

Synthetic aperture focusing technique (SAFT) wasppsed for radar systems in the 50s of the last
century. Practical use of the method began withatheent of digital computers in the late 80's [1-3]
and more advanced methods, such as a total focustigod (TFM) [4], a common source method
(CSM) [5], were introduced in the mid-nineties.

The TFM has a high spatial resolution of the utitasl image and allows accurate predicting and
evaluating the position and size of defects. Dediis, in the beginning, this method was not widel
used in the field of nondestructive testing becafdbe large amount of numerical computations and
long processing, especially when a control resutbibe displayed in 3D. Currently, with the hefp o
modern computer technology, the TFM is widely usereconstruct the objects of control in the form
of two-dimensional and three-dimensional pictu&&41]. The TFM algorithm can be implemented in
the time or frequency domain [12]. This articleganets the results of applying the TFM method in the
time domain for a three-dimensional reconstructidninspection objects. The experiments were
carried out using software ‘IDealSystem3D’ by ID&akchnologies. The copper wires of different
diameters located in a water bath were used actefk.

The purpose of the study is to determine the réisolwf the total focusing method, supplemented
by correlation processing and 3D displaying of oarresults.
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2. An algorithm of three-dimensional reconstruction in the time domain using TFM

The ultrasonic wave propagates in an inhomogenemdium and is reflected from the boundary
between two different materials. In acoustic imggsystems using the echo-pulse approach, the
transmitter radiates a short pulse of ultrasongrgy) and the receiver receives an echo, whicheis t
used to reconstruct the image of the internal stramf the object.

When applying the TFM in the time domain for theetirdimensional reconstruction of the
inspection object, the space of the inspection abbjsder the transducers is divided into finite
elements (pixels). All echoes received from allgilole transmitter-receiver array combinations are
taken into account when calculating the signal #omgié in each pixel [10].

In this paper, a multi-element linear array and T&d used to focus each point of the control zone
during post-processing of the original data. Theho@ is based on the alternate excitation of each
transceiver in an array with a broad beam patteateption of reflected signals is carried out by al
transceiver simultaneously. A matrix of temporaatadis formed, which is then used to obtain the
image [14]. When scanning, an array moves alongp@rpendicular axes with a predetermined pitch
above the inspection object in the water bath.

For an element with X, y, z coordinates, the a¢oirsiage is calculated as follows [14]:

Ax,y,2) = Y31 30 1|Pbe (b)),

where b and c are the numbers of the receivingti@msmitting piezoelectric transducetg, is
the propagation time of the signal from transductr the pixel and back to transducer

The valueA(x,y, z) gives the transparency of the image in coordirsmtace x, y, z. High-
frequency echoe®} . (t,.) are summed up. Index ‘b, ¢’ here indicates a pditransducers
(transmitter-receiver) from which an echo is reedivThe timing of echd,. is compared with the
pixel which coordinates are [X, y, z] (Figure 1pving the geometric arrangement of ultrasonic
transducers [15, 16]:
_ (rptre)

t
bc C

where 1, is the distance from the transmitter with the namtb’ to the pixel in which the
amplitude is determined, is the distance from the receiver with the numbetio the same pixelC,;
is the velocity of the longitudinal waves.

The distancesfrom the pixel to the receiver and the emittertle three-dimensional
coordinate system are determined using the expressi

rp = — )7+ p— ¥+ 2%, 1. = (x, —x)* + (y. —y)* + Z2,

where X, y, z are the pixel coordinateg; y, are the transmitter coordinatas; y. are the
receivercoordinates
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Figure 1. A scheme of the location of the acoustic arrayatinspection object

To obtain a 3D reconstruction of the image, thofeing algorithm was implemented:

- Partition of the space under the antenna arrayNhpixels with a given pitch.

- Calculation of the amplitude of signal for eachgbik of the control zone taking into account
all positions of the antenna array.

- Summation of all obtained results by the formula:

Au (%, y,Z)=iA(x,y,z).

- Coding of the result with the color gamut.
- Image constructing.
To improve image quality, it has been proposedfyathe correlation function [18]:

A (% Y,2)= D A(XY,2)A (X,y,2).
i#]
The TFM resolution depends on the duration of t@uatic pulse, the dimensions of the antenna
array, and the speed of ultrasound. The limitirgphation is half of the length of the acoustic wave

3].

3. Experimental results

The experiments were carried out using a lineagravd array of 16 elements. The distance between
the elements was 0.6 mm. The resonant excitategquéncy of the transducer elements was 5 MHz
and the sampling frequency was 80 MHz. The ultradoelocity in water was assumed to be 1500
m/s (the wavelength is 0.3 mm, respectively). Pssitey experimental results was carried out in
original program written in Delphi with the use GfpenGL library. This program automatically
processes data and constructs a 3D image of tleetofifigure 2a) and section (B) of the object

(Figure 2b). Also, the program allows changing #ewing angle and the plane of a tomographic
image.

a) b)
Figure 2. Results of modelling: a) 3D image of the objéjtsection (B) of the object
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In the first experiment, the TFM resolution wasédstigated. For this purpose, reflectors were
made in the form of 4 parallel copper wires witbiameter of 0.3 mm located at a distance of 2 mm

from each other. Reflectors were placed in a wla#th at a depth of 25 mm from the array surface
(Figure 3).

"y

ARRAY

water

25 mm

a) o ) b)
Figure 3. A photo of the sensor and reflectors (a); a schefntiee relative position of the reflectors
and the sensor in a bath (b)

A 3D image of the reflectors and their tomograpg@ction are shown in Figure 4.

b)
Figure4. A 3D model of reflectors’ image and their tomquui section
a) with the use of correlation function; b) with@orrelation function.

Figure 4 shows that 3D model of the reflectors ienaftained with the use of correlation function
is more precise than the one obtained without tmeetation function. This indicates an improvement
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in the signal-to-noise ratio when applying the etation function. And the tomographic section shows
a more accurate distance between the reflectorth@n@dnge at which they are located.

In the second experiment, the reflectors made adpper wires of 0.45 mm diameter located at a
distance of 1, 2 and 3 mm from each other were.Reflectors were placed in a water bath at a depth
of 25 mm from the surface of the antenna arrayuifeéca). A 3D image of the reflectors is shown in

Figure 5b, and their tomographic image in FigureT3e& reconstruction of the image of the reflectors
was carried out using the correlation function.

ARRAY

water

N

b) c)
Figure5. The location of the reflectors in the inspectumect (a),
3D image of the reflectors (b) and their tomograpiriage (c).
1..4 are the numbers of reflectors

35 40 45 50

Analysis of the reconstructed image of the reflecghows that the reflectors located at a distance
of 1 mm from each other (first and second) aredmtinguished when using TFM and are displayed
as one reflector with enlarged dimensions relaitelthe other two reflectors (third and fourth).

In the third experiment, the reflectors used ingbkeond experiment were installed on an inclined
plane at an angle of 45 degrees to the horizoruf€iga). Three-dimensional reconstruction of the
image of reflectors in the bath is shown in Figbioe Figure 6¢ shows their tomographic image.



MEACS 2017 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 327 (2018) 022066 doi:10.1088/1757-899X/327/2/022066

ARRAY

b)
Figure 6. The location of the reflectors in the inspectidnject (a),
the three-dimensional image of the reflectorsain) their tomographic image (c).
1..4 are numbers of reflectors

As in the previous case, the correlation functi@swsed for the three-dimensional reconstruction
of the reflectors. Figure 6 shows that the firal aacond reflectors are displayed as a singlectefle
The third and fourth reflectors are displayed safady.

4. Conclusion

From the conducted research, it is possible to drasenclusion that the algorithm and the program
created on the basis of the TFM with correlatioocpssing of signals allows one to reconstruct ihe 3

image of reflectors in the inspection object, tdaii tomographic sections. The program allows
determining not only the position of defects, bisbats shape and dimensions. The use of correlatio
processing made it possible to increase the sigrabise ratio, to obtain a sharper image of the
reflectors, but the resolution remained changeless.
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