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Assignment Ultrasound-Imaging

The purpose of the assignment is to provide an analy-
sis for the selection of the dimensions for the elements
of a ultrasound transducer. In order to do so, the di-
rectivity profile from three different possible widths is
studied and they steering capabilities, in a phased array
configuration, is discussed. In addition, a suggestion for
avoidance of grating lobes and a recommendation in the
width selection for a particular application is provided.

Design Constraints

The desired ultrasound probe must work with the fol-
lowing characteristics:

• Operation Frequency: 3.5MHz

• Number of Elements: 64

• Height of Elements: 15mm

• Space between Elements: Negligible

The elements width for the transducer elements can
be chosen from

• Available Widths: 0.1mm 0.2mm 0.3mm

where 0.3mm is favored by the chief designer.

Directivity Analysis

Using the Fraunhofer approximation for far field,

D(θ) = sinc(W
sin(θ)

λ
)

the directivity for each of the different widths (az-
imuthal profile) is evaluated.

For this and further analysis, we use a velocity for
soft tissue given by:

c = 1540m/s

which gives a wavelength

λ ≈ 440µm

.

Figure 1: Comparison of Directivity between different
element widths

From Fig. 1 is seen that as the ratio W
λ becomes

larger, the power is concentrated better at the origin
(θ = 0o). As this ratio becomes smaller, an almost
constant profile is observed.

In addition, as all possible configurations share the
same height a unique elevation profile is shown in Fig. 2.
These directivity profiles are computed by considering
both directions independently.

Figure 2: Elevation Directivity Profile

As expected the elevation profile is concentrated at
φ = 0o (large ratio between height and wavelength),
showing a well defined peak.

Directivity of Phased Array

As phased array transducers are ruled by the geometry
of the array and the size of the individual element,
the following analysis generates the directivity pro-
files for a phased array, with different steering angles,
constructed using sets of components of the available
widths. This will show the characteristic of the virtual
aperture created by the phased array.

Figures below show the steering capabilities for each
of the arrays in 5o steps.

Figure 3: Phased Array Directivity for 0.1mm
elements



M.A Coutino Minguez MSc. EE Signals & Systems Stud. Num. 4410475

Figure 4: Phased Array Directivity for 0.2mm
elements

Figure 5: Phased Array Directivity for 0.3mm
elements

From the previous figures it is observed two main
effects: main lobe attenuation (decrease in the power
of the steered beam) and granting lobes appearances.

The first effect is results from the natural beam
spreading for each element in the array. From the the-
ory it can be recalled that the maximum spreading an-
gle (@− 6dB) is given by

sin (θst) = 0.514
λ

we

where
θst is the maximum steering angle.
λ is the wavelength.
we is the element width.

The relation implies that as the width of the el-
ements is reduced higher angular energy content is
present, which can be combined in order to maximize
steering, at the cost of some losses in the power of the

main beam.

On the other hand, as seen in Fig. 5, the existence
of granting lobe can be a problem if a high steering an-
gle is needed. In order to detect the maximum steering
angle, which keep grating lobes under 6dB with respect
the main beam, a trial-and-error approached was used.

Instead of plotting all the profiles again and search
for the angle manually, the power of the spectra was
computed and sorted in decreasing order, expecting to
find two cumulative peaks (CP) in the graph (one cor-
responding to main beam and the other for the grating
lobe). The CP are compared with the −6db threshold
and the first incidence is considered as the maximum
steering angle.

Figure 6: Sorted Spectra samples for detecting the
CPs

Figure 7: Sorted Spectra samples for angles
θ = [26.9, 27.9].

From Fig. 6 it seen that no grating lobe appears
with elements width 0.1mm and 0.2mm. For 0.3mm
the grating lobe is observed from angles around 25o de-
grees. Using the information from the plot in Fig. 7,
the empirical angle was found to be around 27o. Fig. 8
show the evolution of the grating lobe for element width
of 0.3mm.
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Figure 8: Directivity Profile with Grating Lobe for
0.3mm width.

As the amplitude of grating lobes is significantly
affected by pitch size (distance between elements), the
number of elements, frequency, and bandwidth, good
practices in design and current available market tech-
nology should be taken into account to deal with this
problem.

In general, for phased arrays, grating lobes will ap-
pear whenever the size of individual elements surpass
a wavelength, and there will be no grating lobes when
element size is smaller than half of it. In case we found
ourselves in between this range, grating lobes are func-
tion of the steering angle as shown before.

The straightforward solution is the use of a smaller
pitch, but in this case we assume that the distance
between element is negligible, hence if the application
needs steering capabilities over 27o degrees the ele-
ments width should be reduced.

Conclusions and Recommendations

As seen in the analysis, higher pitch, frequencies and
element widths hinders the steering capabilities and
causes granting lobes at small steering angles. How-
ever, even if it is desired a smaller element the con-
straints in the manufacturing process has to be also
considered.

Considering a fair trade-off between performance
and available technology, the recommended element
width for the transducer will be of 0.2mm. This width
represents a balance between current market supply
[3], width original goal (0.3mm) and good performance
(based in directivity analysis). This can be considered
a common design choice for a sector scan, which under
the design specification, can be applied in heart imag-
ing.
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Matlab Code

1 %
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

2 % Medical Imaging
3 % Ultrasound Assignment
4 %
5 % Design o f Ultrasound Transducer
6 % Mario Coutino
7 % TU De l f t 2015
8 %

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

9 c l e a r a l l , c l o s e a l l
10

11 % Design Var iab l e s
12 f r e q = 3 .5 e6 ; % Op. Freq .
13 numEl = 64 ; % Num. o f

Elements
14 H = 15e−3; % Height o f

Elements
15 W = 1e−3∗ [0 .1 0 . 2 0 . 3 ] ; % Width o f

Elements
16

17 s o f t T i s s u e V e l = 1540 ; % Given ve l . in
s o f t t i s s u e [m/ s ]

18

19 lambda = s o f t T i s s u e V e l / f r e q ; %
Wavelenght i n s i d e s o f t t i s s u e

20

21 % D i r e c t i v i t y Function in Fraunhofer
Approx ( Far−Fie ld )

22 theta = l i n s p a c e (−pi , pi , 1 e3 ) ;
23 Wx = repmat (W’ , 1 , l ength ( theta ) ) ;
24 St = repmat ( theta , l ength (W) ,1) ;
25 Dx = s i n c (Wx.∗ s i n ( St ) /lambda ) ; %

Mult ip l e Widths in Dx ( Azimuth )
26 Dy = s i n c (H∗ s i n ( theta ) /lambda ) ; %

S i n g l e Height in Dy ( Elevat ion )
27

28 % dB S c a l e s
29 DxdB = 10∗ l og10 ( abs (Dx) ) ;
30 DydB = 10∗ l og10 ( abs (Dy) ) ;
31
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32 p lo t ( rad2deg ( theta ) ,DxdB’ )
33 x l a b e l ’ Azimuthal Angle \ theta [ deg ] ’ ;
34 y l a b e l ’ D i r e c t i v i t y D(\ theta ) [ dB ] ’ ;
35 t i t l e ’ D i r e c t i v i t y Comparison (

D i f f e r e n t Widths ) ’
36 L = { ’ 0 . 1mm’ , ’ 0 . 2mm’ , ’ 0 . 3mm’ } ;
37 l egend (L) ;
38 a x i s ([−180 180 −4 0 ] )
39

40 f i g u r e , p l o t ( rad2deg ( theta ) ,DydB) %
This Plot seems weird to me . . .

41 x l a b e l ’ E levat ion Angle \phi [ deg ] ’ ;
42 y l a b e l ’ D i r e c t i v i t y D(\ phi ) [ dB ] ’ ;
43 t i t l e ’ D i r e c t i v i t y in Elevat ion [H=15mm

] ’
44

45 %% Phase Array
46

47 d = W; % The d i s t anc e
between elements i s neg l e c t ed

48 k = 2∗ pi /lambda ; % Wave number
49 % ang = 0 : 5 : 3 0 ;
50 ang = 2 5 : 0 . 5 : 2 8
51 s t ee rAng l e = deg2rad ( repmat

( [ 2 5 : . 5 : 2 8 ] ’ , 1 , l ength ( theta ) ) ) ;
52

53 sTheta = repmat ( theta , s i z e ( steerAngle
, 1 ) , 1 ) ;

54

55 f o r i = 1 : l ength (d)
56 arrayGain ( i , : , : ) = ( s i n ( 0 . 5∗numEl

∗( k∗d( i ) ∗( s i n ( sTheta ) − s i n (
s t ee rAng l e ) ) ) ) ) ’ . / . . .

57 ( numEl∗ s i n ( 0 . 5∗ ( k∗d( i ) ∗(
s i n ( sTheta ) − s i n (
s t ee rAng l e ) ) ) ) ) ’ ;

58 end
59

60 f o r i = 1 : s i z e ( arrayGain , 3 )
61 arrayPower ( : , : , i ) = arrayGain ( : , : , i

) .∗ Dx;
62 end
63

64 f o r e l = 1 : l ength (d)
65 f i g u r e ,
66 f o r i = 1 : s i z e ( steerAngle , 1 )
67 j = i ;
68 i f i == s i z e ( steerAngle , 1 )
69 j = j + 1 ;
70 end
71 subplot (3 , 3 , j )
72 aPowerdB = 10∗ l og10 ( abs (

arrayPower ) ) ;
73 p lo t ( rad2deg ( theta ) , aPowerdB ( e l

, : , i ) )
74 x l a b e l ’ Azimuthal Angle \ theta

[ deg ] ’

75 y l a b e l ’D(\ theta ) [ dB ] ’
76 s t r = s t r c a t ( ’ S t e e r i ng : ’ ,

num2str ( ang ( i ) ) ) ;
77 t i t l e ( s t r )
78 ylim ([−15 0 ] )
79 xlim ([−90 9 0 ] )
80 end
81 s t r = s t r c a t ( ’ Element Width : ’ ,L{ e l

}) ;
82 s u p t i t l e ( s t r )
83 end
84

85 %%
86 % Maximum Stee r i ng Angle ( Grating Lobe

below −6dB)
87 % Elements spac ing below h a l f lambda

as sure no g ra t ing l obe s
88 maxAngle = ( a s in (0 .514∗ lambda . /W) ) ;
89 ang le = [ 2 5 : . 1 : 3 0 ] ;
90 % stee rAng l e = deg2rad ( repmat

( [ 0 : . 1 : 2 8 ] ’ , 1 , l ength ( theta ) ) ) ;
91 s t ee rAng l e = deg2rad ( repmat

( [ 0 : 5 : 9 0 ] ’ , 1 , l ength ( theta ) ) ) ;
92

93 sTheta = repmat ( theta , s i z e ( steerAngle
, 1 ) , 1 ) ;

94 c l e a r arrayGainT
95 c l e a r arrayPowerT
96 % c l e a r L1
97 c l e a r indx
98 f o r i = 1 : l ength (d)
99 arrayGainT ( i , : , : ) = ( s i n ( 0 . 5∗numEl

∗( k∗d( i ) ∗( s i n ( sTheta ) − s i n (
s t ee rAng l e ) ) ) ) ) ’ . / . . .

100 ( numEl∗ s i n ( 0 . 5∗ ( k∗d( i ) ∗(
s i n ( sTheta ) − s i n (
s t ee rAng l e ) ) ) ) ) ’ ;

101 end
102

103 f o r i = 1 : s i z e ( arrayGainT , 3 )
104 arrayPowerT ( : , : , i ) = arrayGainT

( : , : , i ) .∗ Dx;
105 end
106

107 f o r i = 1 : s i z e ( steerAngle , 1 )
108 aPowerdB = 10∗ l og10 ( abs ( arrayPowerT

) ) ;
109 [ L1 ( : , i ) indx ( : , i ) ] = s o r t ( aPowerdB

( 1 , : , i ) , ’ descend ’ ) ;
110 end
111 % f i g u r e ,
112 % plo t ( repmat ( rad2deg ( theta ) ’ , 1 , 11 ) ,L)
113 subplot ( 1 , 3 , 1 )
114 p lo t (L1) ;
115 hold on , p l o t ( 1 : 1 e3 ,−6∗ ones (1 e3 , 1 ) , ’−−r

’ )
116 t i t l e ( ’ 0 . 1mm’ )
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117 x l a b e l ’ Sorted Samples ’
118 y l a b e l ’D(\ theta ) [ dB ] ’
119 subplot ( 1 , 3 , 2 )
120 p lo t (L2) ;
121 hold on , p l o t ( 1 : 1 e3 ,−6∗ ones (1 e3 , 1 ) , ’−−r

’ )
122 t i t l e ( ’ 0 . 2mm’ )
123 x l a b e l ’ Sorted Samples ’
124 y l a b e l ’D(\ theta ) [ dB ] ’

125 subplot ( 1 , 3 , 3 )
126 p lo t (L3) ;
127 hold on , p l o t ( 1 : 1 e3 ,−6∗ ones (1 e3 , 1 ) , ’−−r

’ )
128 t i t l e ( ’ 0 . 3mm’ )
129 x l a b e l ’ Sorted Samples ’
130 y l a b e l ’D(\ theta ) [ dB ] ’
131 s u p t i t l e ( ’ Sorted Power ’ )


