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%% defenition of the problem variables and constants
close all

clc

fs = 16e3;

c = 343; % Sound velocity (m/s

N = 32; $number of array loudspeakers

Q = 24; $number of grid lines in dividing the azimuth angle theta [0,2pi]
Number_of_ Radiuses_to_sweep = 50; %Number Radiuses to sweep of the speakers array
Num of freq point = 1024; %number of frequency points

k=20 :1: Num of freq point-1;

direction g selected = 4: %select the azimuth of hearing
direction_to plot = 14; %select the azimuth of

speaker_to plot = 4; %select the speaker of int

geometry = 'circ':
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Speakers Array position in XY Plain
number of loudspeakers = 16 geometry = circ R = 0.5
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Array Response in frequency domain for all direction
Unmuted direction = 45 degrees, number of loudspeakers = 16 geometry = circ R = 0.5 Bin = 640
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Array Response in frequency domain
Unmuted direction= 45 degrees, number of loudspeakers = 16 geometry = circ R = 0.5
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Output filtered data spectogram
direction = 45 degrees, number of loudspeakers = 16 geometry = circ R = 0.5
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Output filtered data spectogram
direction = 195 degrees, number of loudspeakers = 16 geometry = circ R = 0.5
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Speakers Array position in XY Plain
number of loudspeakers = 32 geometry = circ R = 0.5
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Array Response in frequency domain for all direction
Unmuted direction = 45 degrees, number of loudspeakers = 32 geometry = circ R = 0.5 Bin = 256
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Array Response in frequency domain
Unmuted direction= 45 degrees, number of loudspeakers = 32 geometry = circ R = 0.5
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Output filtered data spectogram
. direction = 45 degrees, number of loudspeakers = 32 geometry = circ R = 0.5
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Output filtered data spectogram
Odirection = 195 degrees, number of loudspeakers = 32 geometry = circ R=0.5
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Array Response in frequency domain Vs Array radius

Ur]gguted direction = 45 degrees, number of loudspeakers = 32 geometry = circ Bin = 640

Array Response in frequency domain
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Array Response in frequency domain for all direction
Unmuted direction = 45 degrees, number of loudspeakers = 16 geometry = linear R = 0.2 Bin = 256
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Array Response in frequency domain
Unmuted direction= 45 degrees, number of loudspeakers = 16 geometry = linear R = 0.2
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Output filtered data spectogram
- éﬁrection = 45 degrees, number of loudspeakers = 16 geometry = linear R = 0.2
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Output filtered data spectogram
- glrectlon 195 degrees, number of loudspeakers = 16 geometry = linear R = 0.2
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$room simulation variables DMNMUNTS5N DIV NN nlxjv In'] I?ann

c

= 343; % Sound velocity (m/s)

loudspeakers_height = 1.8;

s
L

n B
beta = 0.3; %
mtype = 'omnidirectional'; % Type of microphone
order = -1; %
dim = 3; %
orientation = [pi/2 0]; %
hp_filter = 0; %

Source position [x y z] (m) I]LNJ \’J'njﬂl ﬂl'?]'D I]WI"D.W

[3 3 loudspeakers height];%
[6 © 3]: %
rir = 8000;

% Room dimen ns
% Number of samples

% Reverberation time (3)
% -1 equals maximum reflection order!

% Room dimension

% Microphone orientation (rad)
% Disable high-pass filter
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time samples
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definition of the problem variables and constants

close all

clc

fs = 16e3;

c = 343; % Sound velocity (m/s)

N = 32; %number of array loudspeakers

Q = 24; %number of grid lines in dividing the azimuth angle

theta [0,2pi]
Number_of_Radiuses_to_sweep = 50; %Number Radiuses to sweep of the speakers array

Num_of_freq_point = 1024; %number of frequency points

k =0 : 1 : Num_of_freg_point-1;

direction_g_selected = 4; %select the azimuth of hearing
direction_to_plot = 14; %select the azimuth of testing
speaker_to_plot = 4; %select the speaker of intrest
geometry = 'circ';

%chirp variables
t=0:1/fs : 3;
f0 = 100;

f_final = 8e3;

%creating data from audio file
[time_sampeld, fs] = audioread('fdmy0-sx297.wav');

% time_sampeld = chirp(t,f0,3,f_final);
% pspectrum(chirp,1/fs)

creating the array response

G_sweep = zeros(Number_of_Radiuses_to_sweep,Q,N,Num_of_freq_point);
h_sweep = zeros(Number_of_Radiuses_to_sweep,N, Num_of_freq_point);
f_sweep = zeros(Number_of_Radiuses_to_sweep,Q,Num_of_freq_point);
i=1;

for Radius = linspace(0.1,1,Number_of_Radiuses_to_sweep)

%creating free space propogation matrix and filter
[G,h,f,speakers_position] = create_filter(Q, N, Num_of_freq_point, fs,
direction_g_selected, Radius, geometry);

G_sweep(i,:,:,:) = G;
h_sweep(i,:,:) = h;
f_sweep(i,:,:) = f;
i=1+1;

end

29



filtering an audio file using STFT. sound output in chosen q direction

close all
clc

%WOLA variable definitions
Lh = 1024; %window length

Num_of_freqg_point = Lh;
R = fix(Lh/4); %Jump (down sampling)

[time_filtered_wola,f_stft] =

Data_Filtering(time_sampeld,N,Q,G,h,Num_of_freg_point,R,Lh);

plot section

close all
clc

%XX%606%6%%% Spectogram PTot %%%66%x%x%%%s

T (0:size(f_stft,2)-1)/fs*R;

F (0:Num_of_freq_point/2)*fs/2/(Num_of_freq_point/2);

figure('Name', 'Spectogram in selected direction')

% surf(T,F,20%10g1l0(abs(f_stft(1l:Num_of_freq_point/2+1,:,speaker_to_plot)+eps)))

% hold on
imagesc(T,F,20*Togl0(abs(f_stft(1:Num_of_freqg_point/2+1,:,direction_to_plot)+eps)))
xlabel('Time[Sec]', 'fontweight' ,'bold')

ylabel('Frequency[Hz]', 'fontweight' ,'bold")

set(gca, 'fontsize',18)

title({"\it output filtered data spectogram';['direction = ',
num2str((direction_to_plot-1)*(360/Q)), ...

' degrees, number of loudspeakers = ', num2str(N),' geometry = ',geometry, ' R =
', num2str(Radius)]}, ...

'fontsize',20)
axis xy
colorbar

colormap(winter)
filename = ['oOutput filtered data spectogram direction = ',
num2str((direction_to_plot-1)*(360/Q)), ...

' degrees, number of Toudspeakers = ', num2str(N),
num2str(Radius)];
saveas(figure(1), [pwd ['\figures\Spectogram Plot\',filename,'.fig']]);

', geometry, ' R =",

%%6%6%6%%%%%% Array Response Polar Plot %%%%%%%%%%

figure('Name', 'Array Response Polar Plot')

polarplot(linspace(0,2*pi,Q),f(:,640), 'Linewidth',1);

set(gca, 'fontsize',18, 'GridAlpha',1, 'MinorGridAlpha',0.5)

title({'\it Array Response in frequency domain for all direction';['Unmuted direction

num2str((direction_q_selected-1)*(360/Q)),"' degrees, number of loudspeakers = ',
num2str(N),

' geometry = ', geometry, ' R = ', num2str(Radius), ' Bin = ', num2str(640)]},
'fontsize',20)
grid on
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grid minor
filename_1l = ['Array Response Polar Plot Unmuted direction = ',
num2str((direction_g_selected-1)*(360/Q)), ...

' degrees, number of loudspeakers = ', num2str(N),' geometry = ',geometry, ' R =

num2str(Radius), ' Bin = ', num2str(640)];
saveas(figure(2), [pwd ['\figures\Array Response Polar Plot\',filename_1,"'.fig']1]1);

%X%X%%%%%6%%% Array Response in frequency domain %%%%%%%%%%

figure('Name', 'Array Response in frequency domain')
imagesc(k, Tinspace(0,360,Q), abs(f));
set(gca, 'fontsize',18)
title({'\it Array Response in frequency domain';['Unmuted direction= "',
num2str((direction_g_selected-1)*(360/Q)), ...

' degrees, number of loudspeakers = ', num2str(N),' geometry = ',geometry, ' R =
',num2str(Radius)]}, 'fontsize',20)
xlabel('Frequency[k]"' ,'fontweight' ,'bold")
ylabel('Directions[degrees]' ,'fontweight' ,'bold')
colorbar
filename_2 = ['Array Response in frequency domain Unmuted direction = ',
num2str((direction_g_selected-1)*(360/Q)), ...

' degrees, number of loudspeakers = ', num2str(N),' geometry = ',geometry, ' R =
' num2str(Radius)];
saveas(figure(3), [pwd ['\figures\Array Response in frequency
domain\',filename_2,"'.fig']1]1);

%%6%6%6%6%%%%% Speakers Array position 9%%%%%%%%%%

switch geometry

case 'circ'
figure('Name', 'Speakers Array position')
speakers_array = [0:2%pi/N:2*pi*(N-1)/N ;Radius*ones(1,N)];
polarplot(speakers_array(1l,:),speakers_array(2,:), 'LineStyle’', 'none', 'Marker',"'*")
set(gca, 'fontsize',14, 'GridAlpha',1, 'MinorGridAlpha',0.5)
title({'\it Speakers Array position in XY Plain';['number of Toudspeakers = ',
num2str(N),

' geometry = ',geometry, ' R = ',num2str(Radius)]}, 'fontsize',20)
rTim([0 3*Radius])

grid on
grid minor

for i=1 : N

dr = Radius/2; % displacement so the text does not overlay the data points
Tline = ['#' ,num2str(i)];

text(speakers_array(l,i), speakers_array(2,i)+dr, line);

end

case 'linear'
figure('Name', 'Speakers Array position')
stem(speakers_position(l, :),speakers_position(2,:),'LineStyle’', 'none"', 'Marker',"'*")
title({'\it Speakers Array position in XY Plain';['number of Toudspeakers = ',
num2str(N),

' geometry = ',geometry, ' R = ',num2str(Radius)]}, 'fontsize',20)

xlabel ('X[m]"' ,'fontweight' ,'bold")
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ylabel('Y[m]' ,'fontweight' ,'bold")

grid on
grid minor

for i=1 : N

dx = 0.1; dy = 0.1; % displacement so the text does not overlay the data points
Tine = ['speaker : ' ,num2str(i)];

text(speakers_position(l,i)+dx, speakers_position(2,i)+dy, Tine);

end

end
filename_3 = ['Speakers Array position in XYy Plain ', 'number of loudspeakers = ',
num2str(N),
' geometry = ',geometry, ' R = ',num2str(Radius)];
saveas(figure(4), [pwd ['\figures\Speakers Array position\',filename_3,"'.fig']]);

%%6%6%606%6%6%6%%6 sound Plot %%%6%%%%%6%%

sound(time_filtered_wola(:,direction_to_plot));
str = ['C:\Users\ravid\Desktop\FinalProject\sound plots\sound simulated domain in
direction = ', num2str((direction_to_plot-1)*(360/Q)), ...

' degrees, number of loudspeakers = ', num2str(N),' geometry = ',geometry, ' R =
' num2str(Radius), '.wav'];
audiowrite(str,time_filtered_wola(:,direction_to_plot),fs);

%%6%6%6%6%%%%% Radius sweep Plot %%kl

figure('Name', 'Radius sweep')

% unmuted direction
plot(linspace(0.1,1,Number_of_Radiuses_to_sweep),f_sweep(:,4,640), 'Color','r")
title({'\it Array Response in frequency domain Vs Array radius';['Unmuted direction =

num2str((direction_gq_selected-1)*(360/Q)),"' degrees, number of loudspeakers = ',
num2str(N),

' geometry =
grid on

grid minor

, geometry, ' Bin = ', num2str(640)]}, 'fontsize',20)

filename_4 = ['Array Response in frequency domain Vs Array radius Unmuted direction =
', num2str((direction_g_selected-1)*(360/Q)), ...

' degrees, number of Toudspeakers = ', num2str(N),' geometry = ',6geometry];
saveas (figure(5), [pwd ['\figures\radius sweep\',filename_4,'.fig']]);

testing signals with room impulse response

[sound_filtered_rir,rir_array] = my_rir(time_filtered_wola,Radius,Q,fs);

evaluate performance of rir

figure('Name', 'song input')
plot(time_sampeld);

title({"\it Song input'})
xlabel('Time[sec]' , 'fontweight' ,'bold')
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ylabel('time samples' ,'fontweight' ,'bold'")

filename_5 = ['Song input ', 'number of loudspeakers = ', num2str(N),
' geometry = ',geometry, ' R = ',num2str(Radius)];

saveas(figure(1), [pwd ['\figures\rir plots\',filename_5,'.fig']1]1);

figure('Name', 'song output in unmuted direction')
plot(sound_filtered_rir(:,direction_to_plot));
title({'\it song output in unmuted direction';['number of loudspeakers = ',
num2str(N),

' geometry = ',geometry, ' R = ',num2str(Radius)]}, 'fontsize',20)
xlabel('Time[sec]' ,'fontweight' ,'bold')
ylabel('time samples' ,'fontweight' ,'bold")

filename_6 = ['song output in unmuted direction ', 'number of Toudspeakers = ',
num2str(N),
' geometry = ',geometry, ' R = ',num2str(Radius)];

saveas(figure(2),[pwd ['\figures\rir plots\',filename_6,'.fig']1]);

figure('Name', 'room impulse reasponse in unmuted direction')
plot(rir_array(:,4));
title({'\it room impulse reasponse in unmuted direction';['number of Toudspeakers = ',
num2str(N),

' geometry = ',geometry, ' R = ',num2str(Radius)]}, 'fontsize',20)
xlabel('Time[sec]' ,'fontweight' ,'bold")
ylabel('rir' ,'fontweight' ,'bold')

filename_7 = ['room impulse reasponse in unmuted direction ', 'number of loudspeakers
=", num2str(N),
' geometry = ',geometry, ' R = ',num2str(Radius)];

saveas(figure(3),[pwd ['\figures\rir plots\',filename_7,'.fig']1]);

figure('Name', 'song output in muted direction 195 degrees')
plot(sound_filtered_rir(:,14));
title({"\it song output in muted direction 195 degrees';['number of Toudspeakers = ',
num2str(N),

' geometry = ',geometry, ' R = ',num2str(Radius)]}, 'fontsize',20)
xlabel('Time[sec]"' ,'fontweight' ,'bold')
ylabel('time samples' ,'fontweight' ,'bold')

filename_8 = ['song output in muted direction 195 degrees ', 'number of loudspeakers =
', num2str(N),
' geometry = ',geometry, ' R = ',num2str(Radius)];

saveas(figure(4), [pwd ['\figures\rir plots\',filename_8,'.fig']1]);

figure('Name', 'room impulse reasponse in muted direction 195 degrees')
plot(rir_array(:,14));
title({"\it room impulse reasponse in muted direction 195 degrees';['number of
Toudspeakers = ', num2str(N),

' geometry = ',geometry, ' R = ',num2str(Radius)]}, 'fontsize',20)
xlabel('Time[sec]"' ,'fontweight' ,'bold')
ylabel('rir' ,'fontweight' ,'bold")

filename_9 = ['room impulse reasponse in muted direction 195 degrees ', 'number of
Toudspeakers = ', num2str(N),
' geometry = ',geometry, ' R = ',num2str(Radius)];

saveas(figure(5), [pwd ['\figures\rir plots\',filename_9,'.fig']]);
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figure('Name', 'song output without rir in unmuted direction')
plot(time_filtered_wola(:,4));
title({'\it song output without rir in unmuted direction';['number of Toudspeakers =
', num2str(N),

' geometry = ',geometry, ' R = ',num2str(Radius)]}, 'fontsize',20)
xlabel('Time[sec]' ,'fontweight' ,'bold")
ylabel('time samples' ,'fontweight' ,'bold")

filename_10 = ['song output without rir in unmuted direction ', 'number of
Toudspeakers = ', num2str(N),
' geometry = ',geometry, ' R = ',num2str(Radius)];

saveas(figure(6),[pwd ['\figures\rir plots\',filename_10,"'.fig']1]1);

figure('Name', 'song output without rir in muted direction 195 degrees')
plot(time_filtered_wola(:,14));
title({'\it song output without rir in muted direction 195 degrees';['number of
Toudspeakers = ', num2str(N),

' geometry = ',geometry, ' R = ',num2str(Radius)]}, 'fontsize',20)
xlabel('Time[sec]' ,'fontweight' ,'bold")
ylabel('time samples' ,'fontweight' ,'bold")

filename_11 = ['song output without rir in muted direction 195 degrees ', 'number of
Toudspeakers = ', num2str(N),
' geometry = ',geometry, ' R = ',num2str(Radius)];

saveas(figure(7),[pwd ['\figures\rir plots\',filename_11,"'.fig']1]);
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0/0/0/0/0/0, 0/0/0/0/0,

6%69676% 6269676066 669676%
% Written by : Ravid Avraham & Leroy Dokhanian

% Last update : 25/05/2020

% Function name : create_filter

% inputs : Q, N, Num_of_freq_point (frequency resolution), fs, direction_g_selected
% (chosen direction of hearing), Radius, geometry

% outputs : G , h , f , speakers_position

% Description : this function first sets up an array of chosen number of

% loudspeakrs and calculate the time delay between them for all directions

% selected . second the function calculate a filter h so that the array

% output will be a function of choise f_ideal. finally the function calculate

% and return the propogation matrix G along with the filter h and array response and
speakers position in XY.

0/0/0/0/0/0, 0/0/0/0/0,

0/0/0/0/0. 0/0/0/0/0/0. 0/0/0/0/0

function [G,h,f,speakers_position] = create_filter(Q, N, Num_of_freq_point, fs,
direction_g_selected,Radius, geometry)

switch geometry
case 'circ'

%Definition of an array of N loudskeapers in a geometry of a circle with
%radius of choise

R = Radius; %radius of the speakers array
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%position matrix (2D) of each Toudspeaker in polarian cooardination
speakers_array = [R*ones(1,N) ; 0:2*pi/N:2*pi*(N-1)/N];

%position matrix (2D) of each loudspeaker in XYy cooardination
speakers_position = [speakers_array(l,:).*cos(speakers_array(2,:)) ;
speakers_array (1, :).*sin(speakers_array(2,:))1;
case 'linear'
speakers_position = zeros(2,N);
m=1;
for i =1 : N-1
speakers_position(1l,i+1) = ((speakers_position(l,i) +
m*speakers_position(2,i))...
+ sqrt((speakers_position(l,i)+m*speakers_position(2,i))A2-
(1+mA2) * (speakers_position(l,i)A2 ...
+ speakers_position(2,i)A2-RadiusA2)))/(1+mA2);
speakers_position(2,i+1l) = m*speakers_position(l,i+1);
end

end

%finding time delay between loudspeakers
[Time_Delay_Matrix] = Find_Time_Delay(speakers_position ,N ,Q ,fs);

%defenitions
f_ideal = zeros(Q,Num_of_freq_point); %vector of the desierd direction
f_ideal(direction_g_selected,:) = ones(1l, Num_of_freq_point);

zeros(N, Num_of_freqg_point);
= zeros(Q,N,Num_of_freq_point);

(A=
Il

%calculation of the speakers filterd output using least mean squars
for k=1 : Num_of_freq_point

G(:,:,k) = exp(-1i.*(2*pi*((k-1)/Num_of_freqg_point)*Time_Delay_Matrix)); %creating
propogation matrix in freq plain

h(:,k) = ((G(C:,:,k)"*G(:, 1, k))+trace(G(:,:,k) "*G(:, :,k))*(10A-
DING(:, :,k) "*f_ideal(:,k); %calc of the filter

f(:,k) = G(:,:,k)*h(:,k); %estimated filterd spectrum by Teast mean squares
end

end

Published with MATLAB® R2020a
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0/0/0/0/0/0, 0/0/0/0/0, 0/0/0/0/0/0,
0/0/0/0/0/0/0/0. 0/0/0/0/0, 0/0/0/0/0/0. 0/0/0/0/0

% Written by : Ravid Avraham & Leroy Dokhanian

% Last update : 08/01/2020

% Function name :Find_Time_Delay

%inputs : speakers_position ,N (number of array speakers) ,Q (number of

%directions) ,fs (frequency of sampling)

%outputs : Time_Delay_Matrix

% Description : this function calculate the time delay of each loudespeaker

% in direction q selected and returns a QxN matrix of delays (in samples), delay for
all speakers and directions.

0/0/0/0/0/0, 0/0/0/0/0, 0/0/0/0/0/0, o(y(y(yc
0/0/0/0/0/0/0/0. 0/0/0/0/0, 0/0/0/0/0/0. 0/0/0/0/0

function [Time_Delay_Matrix] = Find_Time_Delay(speakers_position ,N ,Q ,fs)

c_sound = 343; %speed of sound [m/sec]
Time_Delay_Matrix = zeros(Q,N); %matrix of delay in time from loudspeaker reference

%setting reference speaker
reference_position = [0 0] ;

%calculation of time delays
for i = 0 : N-1
for j =0 : Q-1

current_angle = j*2*pi/Q ; %current angular direction q

beta = myatan(speakers_position(l,i+1),speakers_position(2,i+1)) + (3*pi/2-
current_angle); %calculation of the the angle between speaker and the direction
tangent

L = sin(beta)*pdist2(speakers_position(:,i+1)."' ,reference_position,
'euclidean');

Time_Delay_Matrix(j+1,i+1) = (L/c_sound)*fs;

end
end

end
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0/0/0/0/0/0, 0/0/0/0/0, 0/0/0/0/0/0,

6%696%6% 696%676%6% 6%696%6%
% Written by : Ravid Avraham & Leroy Dokhanian

% Last Date of update : 08/01/2020

% Function name :myatan

%inputs : X,y (positions in the euclidean space)

%outputs : angle

% Description : this function calculate angle in radians of (x,y) point using the the
angles from 0 to 2*pi.

0/0/0/0/0/0, 0/0/0/0/0, 0/0/0/0/0/0,

function angle = myatan(x,y)
if x>0 && y>=0

angle=atan(y/x);
end
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if x<0
angle=pi+atan(y/x);
end

if x>0 && y<0
angle= 2*pi+atan(y/x);
end

if y>0 && x==
angle=pi/2;
end

if y<0 && x==0
angle=-pi/2;

end

if y==0 && x==0

angle = 0;
end
end
Published with MATLAB® R2020a
'0/0/0/0/0/0/0, Co 262676762 2%267676% 00%%%%00 oo%%%oc 00%%%%00 '0/0/0/0/0

% Written by : Ravid Avraham & Leroy Dokhanian

% Last update : 27/06/2020

% Function name : Data_Filtering

% inputs : time_sampeld, N, Q, G, h, Num_of_freq_point, R, Lh

% outputs : time_filtered_wola, f_stft

% Description : this function filters the data using STFT and the filter h
% and reconstract the data using ISTFT.

0/0/0/0/0/0, 0/0/0/0/0, 0/0/0/0/0/0, 0/0/0/0/0, 0/0/0/0/0,
67606676967606967676066 0/0/0/0/0/0.

function [time_filtered_wola,f_stft] =
Data_Filtering(time_sampeld,N,Q,G,h,Num_of_freq_point,R,Lh);

w_analysis = hamming(Lh); %Window of analysis
w_synthesis = synthesis_win(w_analysis, R);

Spectogram = my_stft(time_sampeld, w_analysis, R ,Num_of_freq_point,N); %spectogram of
the all array
frames = size(Spectogram,2) ;

h = repmat(h,[1 1 frames]);

h_permute = permuteCh , [2 3 1]);

G = repmat(G, [1 1 1 frames]);

f_stft = zeros(Q, Num_of_freq_point, frames); %array reasponse in all direction in
freq domain using STFT

Spectogram_Filtered = h_permute.*Spectogram;
Spectogram_Filtered = permute(Spectogram_Filtered, [3 1 2]);

for r=1 : frames
for k=1 : Num_of_freq_point
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f_stft(:,k,r) = G(:,:,k,r)*spectogram_riltered(:,k,r); %estimated filterd spectrum
by least mean squares
end
end

f_stft = permute(f_stft, [2 3 1]);
time_filtered_wola = real(my_istft(f_stft, w_synthesis, R));

end

Published with MATLAB® R2020a

function spectogram = my_stft(s, w_analysis, R ,NFFT,N)
%96%6%6%6%6%676%6%6%6%coe T 1 ent skuxki%I%”%%%%
n =1; %descrete time
Lh = Tength(w_analysis);%length of analysis window
L_signal = length(s);%length of data
h = fliplr(w_analysis);% h(n) = h(-n)
M = NFFT; %number of freq points
%I6%I6%%6%6 %% %6%analy s 1 S%KkIK%I%I%I%%%
if Lh>M
for r=1 : R : L_signal-Lh+1
sbuf(1:Lh,1) = s(r:r+Lh-1,1);
tempbuf = h.*sbuf;
tempbuf_paded = padarray(tempbuf,mod(length(tempbuf),m), 'post');
tempbuf_1 = reshape(tempbuf, [M,1ength(tempbuf_paded)/M]);
conved_signal = sum(tempbuf_1,2);
spectogram(:,n) = fft(conved_signal,M);
n = n+l;
end
else
for r=1 : R : L_signal-Lh+1
sbuf(l:Lh,1) = s(r:r+Lh-1,1);
tempbuf = h.*sbuf;
tempbuf_paded = padarray(tempbuf, (M-Lh), 'post');

spectogram(:,n) = fft(tempbuf_paded,m);
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n = n+l;
end
end
k=0:M-1;
n=0:floor((L_signal-Lh)/R);
spectogram=spectogram.*exp(-1i*2*pi*k'.*n*R/M);
spectogram=repmat(spectogram, [1 1 N]);

end

function signal_reconstruction = my_istft(Spectogram, w_synthesis, R)

%%676%69606%676%696%66C0e T1 C1 @'t S%%6%%676%6%6%667%66%
[m, frames, Q] = size(Spectogram);

k
n

0:M-1;

0:frames-1;

Spectogram = Spectogram.*exp(1li*2*pi*k'.*n*R/M);
Lf = Tength(w_synthesis);

hbuf = fliplr(w_synthesis);

K6URIKI6X%IK%I6Synthes 1 s%I%IKI%I%IK%I6%
for i=1:Q
r=1;
for m=1:frames
sbuf=spectogram(:,m,i);

sbuf(1,1) = 0 ;
si=m*(ifft(sbuf,m)); %performing M*IFFT

s_per = [repmat(s1, floor(Lf / M), 1); s1(l:mod(Lf, M))];%periodic replication

tempbuf=hbuf.*s_per;

if m==1
signal_reconstruction_i=tempbuf;

else %overlap & add

signal_reconstruction_i=[signal_reconstruction_i; tempbuf(Lf-R+1l:end,1)];
signal_reconstruction_i(r:r+Lf-R-1,1)=signal_reconstruction_i(r:r+Lf-R-

1,1 +tempbuf(1l:Lf-R,1);
end

r=r+R;

39



end

signal_reconstruction_i=signal_reconstruction_i/Lf;

if ==
signal_reconstruction = signal_reconstruction_i;
else
signal_reconstruction = [signal_reconstruction signal_reconstruction_i];
end
end
end
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function [ws] = synthesis_win(w, L)
N = Tength(w);

wSs = w;
w2 = zeros(N, 1);
for n=0:N-1

gn = floor(n/L);
gm = floor((N-1-n)/L);
for g=-gn:gm
w2(n+1l) = w2(n+1)+w(g*L+n+1)A2;
end
end
ws = flip(w./w2, 1);

Published with MATLAB® R2020a

0/0/0/0/0/0, 0/0/0/0/0, 0/0/0/0/0/0, 0/0/0/0/0,
676067676 0/0/0/0/0/0. 0/0/0/0/0

% Written by : Ravid Avraham & Leroy Dokhanian

% Last update : 3/08/2020

% Function name : my_rir

% inputs : time_filtered_wola, Radius, Q, fs

% outputs : sound_filtered_rir, rir_arrayn

% Description : this function define a room parameters to simulate and calculate
% the room impulse response (rir). seconde the function filters input datat

% with the rir and returns the filtered data along with the array of microphones
tested.

0/0/0/0/0/0, 0/0/0/0/0,

'0/0/0/0/0. '0/0/0/0/0/0. '0/0/0/0/0
function [sound_filtered_rir,rir_array] = my_rir(time_filtered_wola,Radius,Q,fs)
Radius_of_reciver = 3*Radius; %radius of microphone

%position matrix (2D) of each microphone 1in polarian cooardination
microphone_array = [Radius_of_reciver*ones(1,Q) ; 0:2%pi/Q:2*pi*(Q-1)/Q]l;

%position matrix (2D) of each microphone 1in XY cooardination
microphone_position = [microphone_array(l,:).*cos(microphone_array(2,:))+3 ;...
microphone_array(1,:).*sin(microphone_array(2,:))+3];

%room simulation variables

c = 343; % Sound velocity (m/s)
Toudspeakers_height = 1.8;
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s = [3 3 Toudspeakers_height];% Source position [x y z] (m)

L =1[66 3]; % Room dimensions [x y z] (m)

n_rir = 8000; % Number of samples

beta = 0.3; % Reverberation time (s)

mtype = 'omnidirectional'; % Type of microphone

order = -1; % -1 equals maximum reflection order!
dim = 3; % Room dimension

orientation = [pi/2 0]; % Microphone orientation (rad)
hp_filter = 0; % Disable high-pass filter

sound_filtered_rir = zeros(size(time_filtered_wola,1),Q);
rir_array = zeros(n_rir,Q); % microphone position [x y z] (m)
forq=1:Q

r = [microphone_position(1l,q) microphone_position(2,q) Tloudspeakers_height]; %
Receiver position [x y z] (m)

rir_array(:,q) = (rir_generator(c, fs, r, s, L, beta, n_rir, mtype, order, dim,
orientation, hp_filter))';

sound_filtered_rir(:,q) = conv(time_filtered_wola(:,q),rir_array(:,q), 'same');

end

end

Published with MATLAB® R2020a
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