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ABSTRACT  

The transient ultrasonic fields and the B-mode images of a linear array medical transducer which has a few defective 

elements were obtained by simulation and the results were compared with those of a normal transducer. The center 

frequency of the transducer was 7.5 MHz and the acoustic beam was formed by 64 active elements including the de-

fective ones among the total number of 192. It was shown that the fields by the transducer with defective elements 

spread widely on the lateral direction due to enhancement of sidelobe level. The spurious images beside that of a 

point target were appeared and the lateral spatial resolution was degraded significantly with increment of the number 

of defective elements.  

INTRODUCTION 

Ultrasonic transducer is one of the most important compo-

nents in a medical diagnostic imaging system. Generally, the 

transducer has many piezoelectric elements which are ar-

rayed in one or two dimensions. The beamforming using a 

part of the elements, called as active elements, is carried out 

to make a confined acoustic beam and the beam is electroni-

cally scanned with radiating acoustic pulses into the medium 

of human body sequentially in a linear array transducer. For 

reduction of sidelobe level, the apodization which is ampli-

tude weighting of exciting electric signals is taken in the 

beamforming[1]. The images are obtained by signal process-

ing of the envelopes of reflected waves from the boundaries 

with different acoustic impedance in the medium. The wave-

form of the radiated pulse at a point in the medium is con-

structed by the superposition of wavelets from every active 

element according to the Huygens’ Principle. If some of the 

active elements do not work due to defects such as crack, 

cable disconnection and so on, not only the waveform but the 

acoustic field will be changed. Consequently, it affects on the 

acoustic imaging, so that the obtained image is changed. 

However, the defective transducers have been using in prac-

tical diagnosis and it is known that the discrimination be-

tween the images by a defective probe and by a normal one is 

not easy to recognize if only a few elements are faulty. Re-

cently, the effect of transducer defect on image quality and 

the method of defective transducer evaluation have been 

studied by several researchers[2-5]. In this study, the influ-

ence of a few defective elements on transient acoustic fields 

and on imaging for a linear array transducer with 192 piezo-

electric elements was analyzed by simulation. The center 

frequency of the transducer is 7.5 MHz and the number of 

active elements for beamforming is 64. The apodization with 

Hanning window was mainly taken in the beamforming. The 

variation of the lateral and the axial resolution according to 

the number of defective elements was discussed. 

STRUCTURE AND OPERATING CONDITIONS 
OF THE TRANSDUCER 

The schematic structure of the transducer examined in this 

study is shown in Figure 1. It has linearly arrayed 192 piezo-

electric elements with inter-element spacing         mm. 

As shown in Table 1, the elevation length       mm and 

the width       mm for the individual element of which 

center frequency is 7.5MHz. The mechanically fixed focus by  

 

 

Figure 1. Schematic structure of the linear array trans-

ducer. 

Table 1. Dimension and operating conditions of the linear 

array transducer. 

Number of total elements 192 

Number of active elements 64 

Element width [mm] 0.1 

Elevation length [mm] 4.0 

Kerf [mm] 0.025 

Center frequency [MHz] 7.5 

Mechanical focal distance [mm] 20.0 

Dynamic transmit focus [mm] 10, 20, 30, 40 

Apodization Hanning 

Speed of sound in medium [m/s] 1540 
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the curvature of acoustic lens is 20.0 mm. It is assumed that 

every element has same characteristics and the beamforming 

is performed by 64 elements with Hanning apodization for 

sidelobe reduction. The dynamic transmit foci are set at 10, 

20, 30, 40 mm from the radiation surface of the transducer. 

Five cases of defect that one element of #96(N=1), two ele-

ments of #96 and #97(N=2), three elements of #95~#97(N=3), 

four elements of #95~#98(N=4) and five elements of 

#94~#98(N=4) are faulty, were considered, respectively. The 

middle of the elements of #96 and #97 is the lateral center of 

the transducer. If the beam is formed by the elements of 

#65~#128, the defective elements are positioned near the 

center of the active elements. For comparison, the character-

istics of normal transducer(N=0), which does not have any 

defective element, was also analyzed. In the calculation, each 

element is devided by       with assuming as a set of sim-

ple point sources with λ/8 interval on a semi-infinite baffle. 

 

SIMULATION RESULTS  

Ultrasonic Fields 

The ultrasonic fields for many types of normal transducer are 

readily simulated by the Field-Ⅱ program[6-8]. In this study, 

we modified the program for the array transducer with some 

defective elements. The simulated results showed that the 

acoustic field by the transducer is changed dramatically with 

the number of the defective elements. As an example, the 

contour graphs of the normalized transient fields near      

mm from the radiation surface are shown in Figure 2.  In the  

 
                  (a) N=0                                            (b) N=1 

 
                  (c) N=2                                            (d) N=3 

 
                  (e) N=4                                            (f) N=5 

Figure 2. Transient acoustic fields near      m from the 

radiation surface. 

calculation, the attenuation and multi-reflection in the acous-

tic lens is ignored, and the initial particle velocities on the 

surface of defective elements were considered as zero. The 

exciting pulse is assumed as a two-cycle RF pulse with Han-

ning envelope. Every figure includes six contour lines of -3, -

6, -9, -12, -15 and -18 dB. It is noted that fields by the trans-

ducer with defective elements spread widely on lat-

eral(azimuth) direction. For detail analysis, the pressure level 

distributions on the lateral axis including the maximum am-

plitude near      mm are shown in Figure 3. As shown in 

the figure, the SPL on the acoustic axis(x=0), that is the cen-

ter of mainlobe, decreases gradually while the number of 

defective elements increase. The difference of peak values 

between N=0 and N=5 is about -1.5 dB. On the other hand, 

the SPL outside of the mainlobe increases rapidly. The local 

maximum of the 2nd sidelobe is appeared near  1.7 mm on 

the lateral axis when it is operated by continuous wave. For 

N=5, the increment of SPL from the normal transducer is 

about 14.7 dB at that region. The similar tendency of SPL 

variations was shown for the targets at different axial dis-

tance. In the pressure level distributions on the axial axis(x 
 ), however, the difference according to the number of defec-

tive elements was very small as shown in Figure 4. 

 
Figure 3. Acoustic pressure distribution on the lateral axis 

including the maximum amplitude near      mm. 

 
Figure 4. Acoustic pressure distribution on the axial axis 

with x  . 

 

Influence on B-mode Imaging 

The simulated B-mode images for four point targets in ho-

mogeneous medium of which sound velocity is 1540 m/s are 

shown in Figure 5. Each image frame consists of 40 image 

lines and the #44~#148 elements were used so as to make an 

image frame. The targets locate at 10~40 mm with separation 

of 10 mm from the radiation surface. The dynamic range of 

the system for imaging was set by 60 dB. According to the 

number of defective elements, the images for every target are 

broadening along the lateral direction so that the lateral reso-

lution decreases. The change in the axial direction is so small 

that it is difficult to catch up any difference with the naked 

Lateral  x [mm]

A
x
ia

l 
 z

 [
m

m
]

 

 

-10 -5 0 5 10
15

20

25

-18

-16

-14

-12

-10

-8

-6

-4

Lateral  x [mm]

A
x
ia

l 
 z

 [
m

m
]

 

 

-10 -5 0 5 10
15

20

25

-18

-16

-14

-12

-10

-8

-6

-4

Lateral  x [mm]

A
x
ia

l 
 z

 [
m

m
]

 

 

-10 -5 0 5 10
15

20

2525

-18

-16

-14

-12

-10

-8

-6

-4

Lateral  x [mm]

A
x
ia

l 
 z

 [
m

m
]

 

 

-10 -5 0 5 10
15

20

25

-18

-16

-14

-12

-10

-8

-6

-4

Lateral  x [mm]

A
x
ia

l 
 z

 [
m

m
]

 

 

-10 -5 0 5 10
15

20

2525

-18

-16

-14

-12

-10

-8

-6

-4

Lateral  x [mm]

A
x
ia

l 
 z

 [
m

m
]

 

 

-10 -5 0 5 10
15

20

25

-18

-16

-14

-12

-10

-8

-6

-4

-5 -4 -3 -2 -1 0 1 2 3 4 5
-30

-25

-20

-15

-10

-5

0

Lateral [mm]

R
e
la

tiv
e
  
S

P
L
 [
d
B

]

 

 

: N=0

: N=1

: N=2

: N=3

: N=4

: N=5

18 19 20 21 22
-60

-50

-40

-30

-20

-10

0

Axial [mm]

R
el

at
iv

e 
 S

P
L 

[d
B

]



23-27 August 2010, Sydney, Australia Proceedings of 20th International Congress on Acoustics, ICA 2010 

ICA 2010 3 

eye. Using the pixel values for the proper line in an image 

displayed on a monitor, the lateral or the axial resolution 

  can be obtained by following equation[8]. 

   
    

    
     

 

     
   ,                               (1) 

where, FWHM is the full width half maximum, A is the 

maximum, JND is the just noticeable difference, and D is the 

diameter of a target. The profiles of the pixel value along the 

acoustic axis(x=0) and the lateral axis at z=20 mm are shown 

in Figure 5. The profiles show the similar pattern with SPL 

distributions. The Gaussian PSF(Point Spreading Function) 

for every main-lobe was estimated by numeric fitting, and 

then the parameters of the eq.(1) were obtained from the PSF. 

Table 2 shows the spatial resolutions which were obtained 

using the pixel values of the lateral and the axial lines for the 

image at      mm and at    , respectively. It is shown 

that the lateral resolution varies significantly with the number 

of defective elements, although the variation of axial resolu-

tion is negligible. The tendency of spatial resolution variation 

was also shown for the other targets, and it is well agree with 

the experimental results reported by Yang et al.[5]. 

 

 
     (a) N=0      (b) N=1      (c) N=2      (d) N=3      (e) N=4      (f) N=5 

Figure 5. B-mode images for four point targets. 

 

           (a) 

                                                  (b) 

Figure 6. Pixel value profiles along the lateral axis at z=20 

mm (a) and the acoustic axis x=0 (b). 

Table 2. Variation of spatial resolutions obtained by the pixel 

value profiles at z=20mm. 

Numbers of 

faulty elements 

Axial resolution 

(mm) 

Lateral resolution 

(mm) 

0 0.238 0.926 

1 0.238 0.901 

2 0.237 0.871 

3 0.236 0.848 

4 0.236 0.830 

5 0.236 0.815 

 

CONCLUSION 

In this study, for a linear array transducer with a few defec-

tive elements, the transient ultrasonic fields and the B-mode 

images were simulated using the modified Field-Ⅱ program, 

and the results were compared with those of a normal trans-

ducer. The center frequency of the transducer is 7.5 MHz and 

the acoustic beam is formed by 64 active elements including 

the defective ones among the total number of 192. It is shown 

that the fields by the transducer with defective elements 

spread widely on the lateral direction due to the enhancement 

of sidelobe level. The spurious images beside that of a point 

target were appeared. The lateral spatial resolution was de-

graded significantly with increment of the number of defec-

tive elements, although the variation of axial resolution is 

negligible. 
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