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Abstract 

This paper presents the analysis of readings acquired from the ultrasonic ring array used  

in tomography for the diagnosis of female breast tissue. In addition, this paper also presents the results for the 
acoustic field distribution simulation, acquired through a method of summing up all acoustic fields generated  

by each of the elementary transducers of the ring array. The change in acoustic field pressure level when changing 

activation frequency (2 MHz, 3MHz, 4MHz) of the elementary ultrasonic transducers for the sector consisting 
of 32 and 64 ultrasonic transducers was studied. By changing the time of activation of individual transducers,  

a change in the natural position of the focus inside the ultrasonic ring array was observed. For the sector 

consisting of 32 ultrasonic transducers the relation between the echo coming from the wires of the wire pattern 
and the level of noise and distortion on the ultrasonographic image for different locations of the focus  

of the central transducers was studied. The results were compared with the simulations of the acoustic field, 

which were conducted using MATLAB software. This research is the continuation of studies [13, 14] aimed  
at choosing the optimal focus and number of transducers in ultrasonic ring array with the goal of receiving  

the best possible quality of images of cross-sections of the female breast.  
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1. Introduction  

Ultrasonic tomography makes early diagnosis of pathological changes in biological tissues 

possible. There are currently a couple of research centres across the world that analyse the 

construction and results of ultrasonic tomograph prototypes [1 - 8]. Researchers from the 

Wroclaw University of Science and Technology [6, 7, 9 - 14] are conducting research 

connected to the use of the ultrasonic transmission tomograph to diagnose female breast 

tissue. With the aim of receiving the best possible image of the cross-section  

of the female breast, the acoustic field generated by each of the elementary transducers  

of the array during dynamic focusing of the ultrasonic beam was analysed. The position 

of the focus inside the ultrasonic ring array was changed by changing the time of activation 

of the ultrasonic elementary transducers. The simulation presented in this paper attempted 

to use the ring array, adapted for ultrasonic transmission tomography, for ultrasonographic 

imaging. This paper analyses the focusing of the ultrasonic beam generated by either  

32 or 64 ultrasonic transducers for their different activation frequencies. Moreover,  
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an analysis of acquired ultrasonographic images when measuring the wire pattern during 

the activation of only one section of the ultrasonic ring array consisting of 32 elementary 

transducers has been conducted [11, 13, 14]. 

2. Construction of the ultrasonic ring array 

The ultrasonic ring array made of 32 sections. A section consists of 32 ultrasonic 

elementary transducers, which are adapted to work in water. The transducers can serve 

two purposes: they can work as transmitters and as receivers. Each ultrasonic elementary 

transducer measures 0.5 [mm] x 18 [mm] and is 1 [mm] thick [11]. The beam of  

the ultrasonic ring array is equal to 130 [mm], and the pitch between the transducers 

measures 0.3 [mm]. During tests the water had a temperature of 25°C.  

  

Figure 1. Ultrasonic ring array together with the wire pattern submerged in water that 

were used in calculations, as viewed from top 

3. Calculation method  

The range of the near field can be calculated based on the following dependency:  

lo = 0.35a2/λ. In the case of resonance frequency fr = 2 MHz and the width of the ultrasonic 

elementary transducer a = 0.5 mm the near field range is equal to approximately 12 mm. 

Beyond this distance a precise analysis of the acoustic field in the central transducer axis 

in a horizontal plane is possible. 

With the goal of determining the acoustic field distribution generated by the curvilinear 

array of the ultrasonic elementary transducers, a method of calculating the sum  

of all acoustic fields was applied, as a sum of geometric transformations of fields 

calculated for all the elementary transducers of the sector (Fig. 2). Simulations for the 

distribution of acoustic field were conducted using an algorithm obtained according  

to formula (1).  
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Figure 2. Geometry of the ultrasonic ring array sector showing the sum of acoustic fields 

of the sector transducers [see also 14] 

In this case, the following equation was applied[11, 13, 14]: 
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where: ρ – density of the medium, 

 c – ultrasonic wave propagation velocity in the medium, 

 k = 2π/λ – wavenumber, 

 λ = c/f – wavelength, 

 f – resonance frequency of the ring array transducers, 

 ω = 2πf – cycle resonance frequency of pulsations, 

 t – time, 

 Va – acoustic velocity, 

 po – reference pressure (po = 1 µPa),  

 a – width of the elementary rectangular transducer, 

 b – length of the elementary rectangular transducer, 

 m – number of transducers in the ring array sector, 

 ui = 2π·sin(θi)/λ, 

 w = 2π·sin(φ)/λ, 

 Ri, θi, φ – polar coordinates of the point P(R,θ,φ), corrected in respect of  

                     the  location (i+1)th transducer in sector. 
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The geometrical transformation of the location of every point of the field P(R,θ,φ)  

in equation (1) is carried out symmetrically for every i + 1th transducer in the ring array 

sector (Fig. 2) by turning the point around the symmetry axis of the array with coordinates 

O(r = Rp, θ = 0) parallel to the Y axis (where Rp denotes the array’s internal radius)  

by an appropriate multiplicity of the angle β = i·2π/N (where N is the number  

of all the transducers in the ring array). Revised coordinates for P(R,θ,φ) for following 

revolutions in the polar system (occurring in formula (1)) can be determined using 

formulae [11, 13, 14]: 

{
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where i = 0, …, m – 1. 

4. Results 

When taking the readings with the use of linear phased (steered) scanning,  

the ultrasonic ring array was submerged in distilled water with a temperature of 25°C.  

The method of dynamic focusing was applied; by changing the time of activation  

of the ultrasonic elementary transducers the position of the focus was changed. This caused 

the focus to move closer or farther apart along the axis between two central transducers 

and a point where natural focus occurs due to the curvature of the ring array. During 

readings, the section of the ring array consisting of 32 ultrasonic elementary transducers 

was used. The readings were taken for nine different distances between the focus  

and central transducers. Each reading was taken in identical conditions. The wires of the 

wire pattern had the same thickness and were made of the same material. The results  

of the readings are presented in (Fig. 3). Next, the acquired ultrasonographic images  

of the wire pattern were analysed. 
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Figure 3. Results of readings of the wire pattern using the ultrasonic ring array with  

n = 32 activated ultrasonic transducers with the focus at the following intervals  

R = 30 mm, R = 50 mm, R = 70 mm, R =  90 mm, R = 110 mm, R = 130 mm,  

R = 150 mm, R = 170 mm and R = 190 mm with numbered echoes coming from  

the rods [see also 14] 

Table (1) shows the analysed data from the ultrasonographic images (Fig. 3) during 

dynamic focusing. The relationship between an average level of noise and distortion 

occurring around the analysed inclusion and the brightness of the inclusion coming from 

the wires of the pattern was recorded using a greyscale. The results for each  

of the identified inclusion are presented in percentages in the table below.  
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Table 1. The relationship between an average level of noise and distortion to  

the brightness of the inclusion coming from the wire of the wire pattern 

R [mm] point 1 point 2 point 3 point 4 point 5 average 

30 32.74 18.95 60.44 56.76 59.96 45.77 

50 26.46 17.10 48.16 38.52 52.79 36.61 

70 28.69 38.96 58.47 51.59 57.37 47.01 

90 30.45 33.21 66.70 55.87 60.46 49.34 

110 32.91 36.81 58.36 61.53 64.08 50.74 

130 38.61 37.74 55.87 62.84 62.99 51.61 

150 37.78 35.91 55.82 60.91 61.18 50.32 

170 40.28 46.92 60.08 60.08 59.61 53.40 

190 42.63 45.72 61.11 59.60 61.18 54.05 

Next, it was analysed how a change in activation frequency of the ultrasonic 

elementary transducers affected the acoustic pressure in the focus. A simulation of acoustic 

field pressure for activation frequencies 2 MHz, 3 MHz and 4 MHz was conducted using 

formula (1) for 32 and 64 activated ultrasonic transducers. Moreover, it was checked how 

a 10° inclination of the beam affected the acoustic pressure in the focus. The results  

are presented in graphs 4 and 5. 

 
 

Figure 4. Results of the acoustic field distribution calculations in the form of Lp(z) with  

a number of activated transducers m = 32, for f = 2 MHz, 3 MHz and 4 MHz  

without and with a 10° inclination of the beam 
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Figure 5. Results of the acoustic field distribution calculations in the form of Lp(z)  

with a number of activated transducers m = 64, for f = 2 MHz, 3 MHz and 4 MHz 

without and with a 10° inclination of the beam 

5. Conclusions 

After analysing the results of the wire pattern readings, it can be stated that the smallest 

ratio of noise and distortion level to the echo coming from the inclusion occurs  

for the focus positioned 50 [mm] away from central transducers, in which average worth 

of this relationship for all echoes equalled 36.61[ %].  Based on analysis of these readings, 

it can be concluded that the most beneficial focus for analysing the cross-sections  

of the female breast occurs 50 [mm] away from central transducers, because the acquired 

ultrasonographic images had the biggest contrast. 

Based on the analysis of sections consisting of 32 and 64 ultrasonic elementary 

transducers it can be concluded, that the level of acoustic pressure in the focus occurring 

due to the natural curvature of the ring array increases together with activation frequency 

of the ultrasonic elementary transducers despite using the same ultrasonic transducers.  

In the case of a 10° inclination of the beam, the level of acoustic pressure decreased  

on average by 1 [dB] for three of the analysed frequencies. This means that the beam can 

be inclined in this range without deterioration of its parameters. That is why, when 

acquiring an image consisting of 32 sections made up of 32 transducers, a significant 

reduction in noise and distortion can be achieved by averaging out the pixels. 
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