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ABSTRACT

Ultrasonic arrays are used in numerous applications including medical imaging. In this specific case is
imperative to achieve precise information about the magnitude and position of the peak pressure,
intensity, detected image and various pressure fields produced by the transducerprobe. The systems for
image processing in the medical field are very important calling for new techniques much more advanced
and performing than they used to be, in order to provide a correct analysis and diagnosis. This paper
presents the review study oflinear arrays Transducers with center frequency SMHz for ultrasonic
measurements.
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I. INTRODUCTION

For the period of the second half of 20th current century the medical imaging is grown through
Ultrasound tool speedily. The part of novel technology is the use of computers to decide
problems by simulating theoretical models (Numerical simulations) that has taken place
alongside pure theory and experiment during the last few decades. These numerical simulations
permit one to resolve problems that may not be accessible to direct experimental study or too
complex for theoretical analysis. Computer simulations can link the gap between analysis and
experiment [2].

The mutual weak point of both experiment and theory is cover up by the numerical simulations
examination and experiment. A third dimension in ultrasonic measurements, of equivalent status
and significance to experiment and analysis is nothing but the simulation determination [1]. It has
taken an everlasting place in every one aspect of ultrasonic measurements from basic research to
engineering design.The capability to simulate both piezoelectric transducer and electronics jointly
renders possible efficient optimizations at system level, i.e. minimizing size, price and power
consumption [2].

II. SPATIAL IMPULSE THEORY

The pressure field generated by the aperture is found by the Rayleigh integral [5].
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Where the field point is denoted by 7] and the aperture by /5 , is the velocity normal to the transducer
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Where * denotes convolution in time. The integral in this equation
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Represent the spatial impulse response. The continuous wave field can be found from the Fourier
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The impulse response includes the excitation convolved with both the transducers electro-mechanical
impulse response in transmit and receive. The final signal for a collection of scatters is calculated as a
linear sum over all signals from the different scatters [6-7].

III. LINEAR ARRAY TRANSDUCER

The linear array is the fundamental type of multi-element transducer and it scans the region of interest by
exciting the elements situated over the region. The field is focused on the region by introducing time delay
in the excitation of the concerned individual elements, so initially concave beam is emitted. Here a Fig.1
shows general design format of 16 element linear array transducer having height, width and kerf of
individual element are taken as 5 mm, 0.2 mm and 0.02 mm respectively. The transducers are situated at
the center of the coordinate system. To achieve focal length of 30 mm from the center of transducer the
electronic focusing is included.
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Fig. (1) Design format of linear array transducer (Height=Smm, Width=0.25mm, Kerf=0.02mm)

In this paper a linear array transducer of 4-elements and 8-elements is simulated by using
FIELD-II GUI program with center frequencies SMHz. For these specified linear array
transducers, acoustic field generated is propagated through human body tissues and is observed at
a focal distance i.e. (0, 0, 30)

IV. RESULT AND DISCUSSION

The calculation of the impulse response is facilitated by projecting the field point onto the plane of the
aperture. In this way, the problem became two-dimensional and the field point is given as a (x, y)
coordinate set and a height z above the plane. The spatial impulse response is, thus, determined by the
relative length of the part of the arc that intersects the aperture [8]. There by it is the crossing of the
projected ultrasonic waves with the edges of the aperture that determines the spatial impulse responses as
a function of time.

In this paper by using FIELD-II program created a 4-element and 8-element linear array transducer using
field -II GUI with center frequency (fo) = SMHz. The speed of sound in tissue is c=f0 = 1540m/s, The
sampling frequency used was f§ = 100MHz. The elements had a width and height of 0.25mm and 5mm
respectively. The focal-point was set to 30mm.

Table: 1 shows the parameters for 4 element array transducers and Table: 2 shows the parameters for 4
element array transducer, excitation pulse and medium used for this center frequency (fo) used is SMHz.

Figs. (al-ml) shows the parameters for 4 element array transducer and figs (a2-m2) shows the parameters
for 8 element array transducers

Figal& a2 Element impulse response for 4 and 8 element arrays.

Figbl& b2 TX Field image 4 and 8 element arrays.

Fig cl1&c2 TX Axial waveform 4 and 8 element arrays.

Fig d1& d2 TX Lateral beam plot 4 and § element arrays.

Figel& e2 TX/RX Field image 4 and 8 element arrays.

Fig f1& 2 TX/RX Axial waveform 4 and 8 element arrays.

Fig gl& g2 TX/RX Lateral beam plot 4 and 8 element arrays.

Fig hl& h2 K- space TX/RX field image 4 and 8 element arrays.

Figil& i2 K-space axial slice 4 and 8 element arrays.

Figjl& j2 K-space lateral slice 4 and 8 element arrays.

Fig kl& k2 Detected image for 4 and 8 element arrays.

Figll& 12 Detected image axial slice 4 and 8 element arrays.

Fig m1&m?2 Detected image lateral slice 4 and 8 element arrays.
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Table: 1

Tabl

e:2

Linear Array

Laur |

Transducer Parameters
Number of Elemerts
Kerf (mm)
Wickh (mm)
Height {mm)
Focal . [lat slew sxial] (mm) (]
Center Frequency (MHz)
Fractional Bandwicth (%)

30

General Seftings
Sampling Frequency (MHz) | 100

Imege Size
Leteral RO! Range (mm)

Leteral Increment ()

Excitation Pulse:

Canter Frequency (Hz)

Hurber of Cydles

Sound Speed (mis) 1580
Target Type:
Number of Axial Points: 1

Dist bt Aol Poins (mm) -~ 5
el Dt from Foous (mm) g
Hurber of Leteral Paints 1
Dist bt Leteral Points (mm) 05
Let. Dist. from Focus (mm) g

Linear Array qur
Transducer Parameters General Settings
Murmber of Elements 5 Sampiing Fresuency (WHz) 100
Kerf tmm) 0; Sound Tpeed (ms) 1540
Wit (mm) 02
Target Type:
Height (mm) L
Mumber of Axial Poirts
Faal P [atlev asial] )| 0 | 0 | 30 e
Dist. kit Axial Poirts
Center Freguency (MHZ) H J ) 05
= = sl Dist. from Focus (mm)
Fractionsl Bandiwicth (%) )
Murmber of Lateral Points:
Image Size Dist. bt Leteral Points (mm) 0.5
Latersl RCI Range (mm) 2 Lat. Dist. from Focus (mm)
Lateral Incremert (mm) 002

Excation Pulse:

Canter Frequency (Hz) 5

Number of Cycles 5

Save flename testing Save flename testing

Simulated impulse response of a single element Simulated impulse response of a single element
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Fig. (al) Element impulse response Fig. (a2) Element impulse response

Transmitted Pressure Field in the Focal Plane

Transmitted Pressure Field in the Focal Plane

axial dist, mm

axial dist, mm

-1 0.5 0 0.5 1
lateral position, mm

lateral position, mm

Fig. (b2) TX Field image

Fig.(b1) TX Field image
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TXPressure vs. Time, at Lateral Location of Peak Pressure TXPressure vs. Time, at Lateral Location of Peak Pressure
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Fig. (c1) TX Axial waveform Fig. (c2) TX Axial waveform

TX Lateral Beam Plot

-0.05|-
01}
0.5}
02}
0.25(

-0.3r

TX Lateral Beam Plot

o

; :
0 0.5 1
lateral position, mm

Fig. (d2) TX Lateral beam-plot
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Fig. (d1) TX Lateral beam-plot

Maximum Pressure Value at each Lateral Position (dB re maximum)
Maximum Pressure Value at each Lateral Position (dB re maximum)

TX/RX Pressure Field in the Focal Plane TXRXPressure Field in the Focal Plane
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Fig. (e1) TX/RX Field image Fig. (e2) TX/RX Field image
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TXRXPressure vs. Time, at Lateral Location of Peak Pressure TX/RX Pressure vs. Time, at Lateral Location of Peak Pressure
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Fig. (f1) TX/RX Axial waveform Fig. (12) TX/RX Axial waveform

TX/RX Lateral Beam Plot TX/RX Lateral Beam Plot
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Fig. (g1) TX/RX Lateral beam-plot Fig. (g2) TX/RX Lateral beam-plot

K-Space Representation K-Space Representation
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Axial Spatial Frequency, cycles/mm
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Fig. (hl1) K space TX/RX field image Fig. (h2) K space TX/RX Field image
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Axial Slice through K-Space (taken at location of peak energy) Axial Slice through K-Space (taken at location of peak energy)
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Fig. (i1) K space axial slice Fig. (I2) K space axial slice
Lateral Slice through K-Space (taken at location of peak energy) Lateral Slice through K-Space (taken at location of peak energy)
1 T T 1 T T
0.9F B 0.9+ q
0.8 q 0.8 1
L 4 0.7 b
o 07 P
51 =1
2 = L 4
€ 0.6 4 €06
o o]
g = 0.5
3 0.5f i 3 05r 4
N N
T 04} 1 g 04r 1
E s
2 osl i 0.3F B
0.2- B 0.2r it
01t 1 o1r iy
0 ‘ ‘ , 0 : ‘ :
1 05 0 0.5 1 -1 0.5 0 0.5 1

Lateral Spatial Frequency, cycles/mm Lateral Spatial Frequency, cycles/mm

Fig. (j1) K space lateral slice Fig. (j2) K space lateral slice

Detected image, log-compressed Detected image, log-compressed
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Fig. (k1) Detected image Fig. (k2) Detected image
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Axial slice of Detected, Compressed, and scaled Image, at Location of Peak Pressure| Axial slice of Detected, Compressed, and scaled Image, at Location of Peak Pressure
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Fig. (11) Detected image axial slice Fig. (12) Detected image axial slice

Lateral slice of Detected, Compressed, and scaled Image, at Location of Peak Pressure Lateral slice of Detected, Compressed, and scaled Image, at Location of Peak Pressure
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Fig.(m1) Detected image lateral slice Fig. (m2) Detected image Lateral slice

V. CONCLUSION
The paper attempts to present review and comparative study of linear array transducers. It presents a
coherent analysis of the focusing strategies for 2-D array transducer design and properties, based on linear
acoustics. The delays on the individual transducer elements and their relative weight or apodization are
changed continuously as a function of depth. This yields near perfect focused images for all depths and
has increased the contrast in the displayed image, thus, benefitting the diagnostic importance of ultrasonic
imaging. If the center frequency and number of elements in transducer is increased then contrast in the
detected image is increased (Image detected for 8 element array transducer is clearer than 4 element
array), this also increases the diagnostic status of ultrasonic imaging
References:

[1] Gandole, Y. B. (2012). Computer Modeling and Simulation of Ultrasonic System for
Material ~ Characterization.  http://www.oalib.com/search? kw=Y.%20B.%20Gandole
&searchField=authors.

[2] R. Krimholtz, D. Leedom, and G. Matthaci, “New equivalent circuits for elementary
piezoelectric transducers,” Electron. Lett. 6, 398-399 ,1970

FF S g NSNS

Quarterly Journal Peer Reviewed Journal ISSN No. 2394-8426 Page 629
Indexed Journal Referred Journal http://www.gurukuljournal.com/




Gurukul International Multidisciplinary URN,
i f e-ISSN No. 2394-8426

Research Journal (GIMR])with /
International Impact Factor 8.357 Monthly Issue
APR-2025

Peer Reviewed Journal

https://doi.org/10.69758/GIMRJ/250415VXIIIP009S Issue-1V, Volume-XIII

[3] T.R. Meeker, “Thickness mode piezoelectric transducers,” Ultrasonics 10, 26-36 ,1972.

[4] P. Marchal, F. Levarssort, L.-P. Tran-Huu-Hue, and M. Lethiecq, “Effects of acoustical
properties of a lens on the pulse-echo response of a single element transducer,” IEEE

International Ultrasonics, Ferroelectrics, and Frequency Control Joint 50th Anniversary
Conference, pp. 1651-1654,2004.

[5] Jensen, J.A, A New Approach to Calculating Spatial Impulse Responses, IEEE
International Ultrasonic Symposium, Toronto, Canada, 1997

[6] P. Marchal, F. Levarssort, L.-P. Tran-Huu-Hue, and M. Lethiecq, “Effects of acoustical
properties of a lens on the pulse-echo response of a single element transducer,” IEEE
International Ultrasonics, Ferroelectrics, and Frequency Control Joint 50th Anniversary
Conference, pp. 1651-1654,2004.

[71 JENSEN, J.A. Field: A program for simulating ultrasound systems, 10th Nordic-Baltic
Conference on Biomedical Imaging, in: Medical & Biological Engineering & Computing, 1996,
34, Supplement 1, 351-353.

[8] Jensen, J.A., N.B. Svendsen, Simulation of advanced ultrasound systems using field II,
Biomedical Imaging: Nano to Macro, 2004. IEEE International Symposiumon, 15-18
April 2004 Page(s):636—639 Vol.-1.

FF S g NSNS

Quarterly Journal Peer Reviewed Journal ISSN No. 2394-8426 Page 630
Indexed Journal Referred Journal http://www.gurukuljournal.com/



