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Ultrasound wave propagation

• Diffraction

• Attenuation

•Dispersion

• Non-linearity
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Point Spread Function (PSF) is 

spatially invariant



Convolution model

Received signal = delayed and scaled replica of the transmitted pulse

RefractionReflection

Distance~ Time

Transducer

Scatterers

S(t) = a.P(t - 2d/c) = P(t) a. (t – 2d/c)

S(t) = P(t) i ai (t – 2di/c)

S(x) = P(x) i ai (x – xi) (spatial domain)OR



Convolution model graphically

S(x) = P(x) i ai (x – xi) Tissue scatterer

function T(x)



Convolution model in 2D

Discrete scatterer model: T(x,y)



2D sector images?

S(r, ) = P(r, ) T(r, P(r, ) i ai (r – ri, – i)

Problem:

• Once P(r, ) is defined the effective PSF becomes spatially variant through 

the convolution process as image lines diverge
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Convolution model in 3D

Straight forward extension

However:

• 3D convolution can require a high memory load / high computational load 

especially when the convolution grid is fairly dense (to have good accuracy)



COLE

Part of the wave will be reflected if the scatterer is within the beam

→ central in the beam: contribute signicantly

→ far from the center of the beam: contribute little

Do not take the perspective of the scatterers but rather of the ultrasound wave

Weigh the contribution of the scatterer with the distance from the image line



COLE graphically

Cartesian Polar



COLE: practical

How to define the weighting wq ?



COLE with LUT

• Diffraction

• Attenuation

•Dispersion

• Non-linearity
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Methods
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Results Conclusions  



Simulation Results

3D US Simulation

The 3D surface of LV model based on the 3D US data sets of frame 1 during the movement of

60 bpm (a), and likewise the 3D surface of frame 10 during movement of 60 bpm (b).



COLE: graphically
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Axial and lateral PSF are assumed to be separable

PSF(x,y) = PSF(x) . PSF(y)




