A MATLAB toolbox for the time-domain

simulation of acoustic wave fields




Potencial do k-Wave

O software foi desenvolvido para simular a propagacao
de ondas e sistemas fotoacusticos em 1D, 2D ou 3D

Exemplos de aplicacoes:

Propagacdo em meios homogéneos e heterogéneos,
funcionamento de transdutores comerciais e de formatos diversos,
efeito Doppler,

Difracéo, refracdo e reflexéo

Fotoacustica, Modo-B etc
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Features
k-Wave is an

Bradley Treeby

"té"

open source acoustics toolbox for MATLAB and C++ developed by
and Ben Cox (University College London) and Jiri Jaros (Brno
University of Technology). The software is designed for time domain acoustic and
ultrasound simulations in complex and tissue-realistic media. The simulation
functions are based on the k-space pseudospectral method and are both fast and
easy to use. The toolbox includes:
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Overview

k-Wave is an open source MATLAB toolbox designed for the time-domain simulation of propagating acoustic waves in 1D, 2D, or 3D [1]. The
toolbox has a wide range of functionality, but at its heart is an advanced numerical model that can account for both linear and nonlinear wave
p an arbitrary of heterc material , and power law acoustic absorption

The numerical model is based on the solution of three coupled first-order partial differential equations which are equivalent to a generalised
form of the Westervelt equation [2). The equations are solved using a k-space pseudospectral method, where spatial gradients are calculated
using a Fourier collocation scheme, and temporal gradients are calculated using a k-space corrected finite-difference scheme. The temporal
scheme is exact in the limit of linear wave propagation in a homogeneous and lossless medium, and significantly reduces numerical dispersion
in the more general case.

Power law acoustic absorption is accounted for using a linear integro-differential operator based on the fractional Laplacian [3]. A split-field
perfectly matched layer (PML) is used to absorb the waves at the edges of the computational domain. The main advantage of the numerical
model used in k-Wave compared to models based on finite-difference time domain (FDTD) schemes is that fewer spatial and temporal grid
points are needed for accurate simulations. This means the models run faster and use less memory. A detailed description of the model is
given in the k-Wave User Manual and the references below

Documentation

ual (Version 1.0.1, 15th November 2012)
ntation and Exa (this is also accessible within MATLAB)
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Algoritmo basico
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Algoritmo basico para utilizacao do K-Wave

Crla(;éo do Seu amblente % create the computational grid

Nx = 128; % number of grid points in the x (row) direction
I o) Ny = 128; % number of grid points in the y (column) direction
de S| mUIaQaO (G R I D) dx =0.1e-3; % grid point spacing in the x direction [m]
dy = 0.1e-3; % grid point spacing in the y direction [m]

kgrid = makeGrid(Nx, dx, Ny, dy);

% define the properties of the propagation medium

Deﬁnir 0S paré-mEtrOS do medium.sound_speed = 1500; % [m/s]

- medium.alpha_coeff = 0.75; % [dB/(MHzy cm)]
melo medium.alpha_power = 1.5;
. . % create initial pressure distribution using makeDisc
CrlandO um eStl mu IO disc_magnitude = 5; % [Pa]
disc_x_pos = 50; % [grid points]
disc_y pos = 50; % [grid points]
disc_radius = 8; % [grid points]
disc_1 =disc_magnitude*makeDisc(Nx, Ny, disc_x_pos, disc_y_pos, disc_radius);
disc_magnitude = 3; % [Pa]
disc_x_pos = 80; % [grid points]
disc_y pos = 60; % [grid points]
disc_radius = 5; % [grid points]

disc_2 = disc_magnitude*makeDisc(Nx, Ny, disc_X_pos, disc_y pos, disc_radius);

source.p0 =disc_1 + disc_2;




Algoritmo para utilizacao do K-Wave

Definir sensor de leitura % define a centered circular sensor

sensor_radius = 4e-3; % [m]
num_sensor_points = 50;
sensor.mask = makeCartCircle(sensor_radius, num_sensor_points);

Executar a simulacao

% run the simulation
sensor_data = kspaceFirstOrder2D(kgrid, medium, source, sensor);

% plot the simulated sensor data
figure;

Imagesc(sensor_data, [-1, 1]);
colormap(getColorMap);
ylabel('Sensor Position’);
xlabel('Time Step’);

colorbar;




Algoritmo para utilizacao do K-Wave

Adicionando a variavel
tempo

% define a single source point
source.p_mask = zeros(Nx, Ny);
source.p_mask(end - Nx/4, Ny/2) = 1;

% define a time varying sinusoidal source

source_freq = 0.25e6; % [HZz]

source_mag = 2; % [Pa]

source.p = source_mag*sin(2*pi*source_freq*kgrid.t_array);

% define the acoustic parameters to record
sensor.record = {'p', 'p_final'};

% run the simulation
sensor_data = kspaceFirstOrder2D(kgrid, medium, source, sensor);




Exemplo de criacao de um transdutor ultrassonico

% define properties of the input signal

source_strength = 1e6; % [MPa]

tone_burst_freq = 0.5€6; % [HZ]

tone_burst_cycles = 5; % create the input signal

using toneBurst

Input_signal toneBurst(1/kgrid.dt, tone_burst_freq,
tone_burst_cycles);

% scale the source magnitude by the source strength divided by
the

% Impedance (the source Is assigned to the particle velocity)

inout sianal



Exemplo de criacao de um transdutor
ultrassoénico

% physical properties of the transducer
transducer.number_elements =72; % total number of transducer elements

transducer.element_width = 1; % width of each element [grid points]
transducer.element_length = 12; % length of each element [grid points]
transducer.element_spacing = 0; % spacing (kerf width) between the elements [grid points]
transducer.radius = inf; % radius of curvature of the transducer [m]

% calculate the width of the transducer in grid points
transducer_width = transducer.number_elements*transducer.element_width +
(transducer.number_elements - 1)*transducer.element_spacing;

% use this to position the transducer in the middle of the computational grid
transducer.position = round([1, Ny/2 - transducer_width/2, Nz/2 - transducer.element_length/2]);

% properties used to derive the beamforming delays

transducer.sound_speed = 1540; % sound speed [m/s]
transducer.focus_distance = 20e-3; % focus distance [m]
transducer.elevation_focus_distance = 19e-3; % focus distance in the elevation plane [m]
transducer.steering_angle = 0; % steering angle [degrees]

% apodization

transducer.transmit_apodization = 'Rectangular’;
transducer.receive_apodization = 'Rectangular’;

% define the transducer elements that are currently active
transducer.active_elements = zeros(transducer.number_elements, 1);
transducer.active_elements(21:52) = 1; element width

element spacing (kerf)

element pitch

element length
(elevation height)



Definindo o transdutor — Funcéo
makeTransducer

Exemplo de criacao de um transdutor
ultrassonico
% append input signal used to drive the transducer
transducer.input_signal = input_signal;
% create the transducer using the defined settings
transducer = makeTransducer(kgrid, transducer);
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Exemplo de criacao de um transdutor
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ultrassénico
_ % run the simulation
Executando a S|mulagao [sensor_data] = kspaceFirstOrder3D(kgrid, medium, transducer, sensor, input_args{:}
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