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Frequency analysis

Fourier transformation

Fourier anti-transformation
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Frequency analysis

The Fourier transform permits the evaluation of the behavior of a 

system for different frequencies f = /2.

Sinc functionSquare wave
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Sampling theorem

Sampling x(t) is equivalent to multiply it by a train of impulses…
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In formulas…
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Time domain

Frequency domain

Result obtained by using the Fourier expansion of a 

periodic function (train of pulses).
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Graphically…

In order to avoid aliasing, the Nyquist condition must be fulfilled: fs > 2B
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Array transducers
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Wave equation
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Pressure field

Near field (Fresnel)
Far field (Fraunhofer, distance > D2/)
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with ( ) the velocity on the emitting surface, , 

and ( ) a weighting function (apodization).
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Generated pressure field

Rayleigh-Sommerfeld integral (besed on Huygen’s principle)
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Generated pressure field

Maclaurin expansion 

1 ,  0a a 

Rayleigh-Sommerfeld integral (besed on Huygen’s principle)

Fresnel approximation  (r >> r0)
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Fresnel approximation  (r >> r0)
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Rectangular aperture

     0 0 0 0( , ,0) , with .  rectangular function of length .
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Generated pressure field

Maclaurin expansion 
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Rayleigh-Sommerfeld integral (besed on Huygen’s principle)
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Generated pressure field
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Separable integral: ( , , ) ( , ) ( , ).

Neglecting the phase  and oscillating exponent and considering a single integral:
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For  and , i.e., far from the transducer surface (  approx), 

the quadratic phase terms can be neglected:
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Generated pressure field
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Fourier (anti)transform in space

Pressure field estimation by Fourier Transform

antitransform variable

   sin sinx r z zu

Based on  Fraunhofer approximation λz >> x2,
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Pressure field estimation by Fourier Transform

0( , ) sinc sin( )

For sin( ) ( , ) 0
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Like in signal processing, windowing reduces the side lobes.

Transducer windowing: “Apodization”.

Pressure field estimation by Fourier Transform
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Apodization
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Multiple elements
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Dirac impulse

Pitch length
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Grating lobes are centered at angles such 

that the sinc(.) argument equals zero.
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Grating lobes
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Summary
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Linear array:

– 32 element array

– 3 MHz

– ‘pitch’ d = 0.4 mm

– λ = 0.51 mm

– Lx = N d = 13 mm
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Same array:

– 32 element array

– 3 MHz

– pitch d = 0.4 mm

– λ = 0.51 mm

– Lx = N d = 13 mm.

•With & w/o Hanning windowing.

•Sidelobes way down.

•Mainlobe wider.

•No effect on grating lobes.

Apodization example



26

Electronic beam steering

v

Beam steering by systematic excitation delays.
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Electronic beam steering

Beam steering by systematic excitation delays.
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Array design

Linear array:

– 32 element array

– 3 MHz

– ‘pitch’ d = 0.4 mm

– λ = 0.51 mm

– Lx = N d = 13 mm

– θs = 45 degrees (π/4)

How many elements?

What spacing?

Even steering by 90 degrees (sin =1), the first grate lobes remain 

outside the field of view. Like Nyquist limit for array transducers!

Grating lobes Side lobes

Field of view
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Electronic focusing

Beam forming for dynamic focusing
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Electronic Focusing

Focusing effects on the ultrasound beam
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Compounding

Spatial compounding

• Translational 

(sub-aperture linear stepping)

• Rotational (steering)

Frequency compounding

• Broadband transducer

• Long pulses (lower axial resolution)

Improved SNR by averaging different 

images with same target but different 

speckle noise.

Rotational

Translational

Frequency
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Plane wave imaging
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Synthetic aperture

Sequential firing by each 

element.

Reception by all elements 

generating low-resolution 

focused images.

Summation of low resolution 

images to form a high-

resolution focused images.

Jensen JA, Nikolov SI, Gammelmark KL, et al. (2006) Synthetic aperture ultrasound imaging. Ultrasonics 44: e5–e15.
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Synthetic aperture

Jensen JA, Nikolov SI, Gammelmark KL, et al. (2006) Synthetic aperture ultrasound imaging. Ultrasonics 44: e5–e15.

Conventional Synthetic aperture
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Array transducers’classification
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3-D echography

1D array  2D array  

2D imaging  3D imaging 

3-D echocardiographic view of 

a double-orifice mitral valve

http://www.cardiovascularultrasound.com/content/7/1/11/figure/F2
http://www.cardiovascularultrasound.com/content/7/1/11/figure/F2


37

Thank you!

www.bmdresearch.nl


