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Figure 1: Scilab FE1TH5H

Source Code 1: Scilab

[177177717777717777777717777777777

// E— LRy —

// Beam pattern

//

// M.Tsutsui

111771771771771777177177717717777
clear;

pi=%pi;
eps=%eps;

D_size=100;//7 — % %
T=25;/ /18 it
¢=331.54+0.61%T;// 5k
£=1000;/ /&%

sita_min=—pi/2 ; // [
sita_max=pi/2; // I3

sita=linspace(sita_min, sita_max,D size);/ /il @
M=8; //IERRERIE 7 L A

lambda=c/f;/ /L%

dx=lambda/2;// 7 L A [k

kx=(—2xpi)/lambda.*sin(sita);/ /%
pusi=(sin((Mxkxxdx)./2))./(Mxsin((kxxdx)/2)+eps);
pusi_log=20xlog10(abs(pusi));//* %L
plot(kx,pusi_log);

fg=gca();

fg.data_bounds(:,2)=[—20;0]; / /it 5
xlabel("kx", "fontsize", 4);

ylabel("energy[dB]", "fontsize", 4);

xgrid();

title(’Beam _pattern’,’fontsize’ 4);

Source Code 2: Python




# Module_Name:Beam pattern
# Author: m_tsutsui

#Library Import# st # #H# A H HH A A HH A A HH A A HH A A FH A

from numpy importx*
from scipy import*
from pylab import *

import math, numpy as np
import matplotlib.pyplot as plt

#Library Import_end#f 7t # ##HHHHH A AR HHHHHHAARHHH

if _name__ == "__main__":
D_size=200 #Data_Number
T=25 #temperature
¢=331.5+0.61%T #speed_of_sound
f=1000 #Frequency
lambda=c/f #Wave_Length
dx=lambda/2 #Array_Interval

M=9 #Array_Number
sita_min=—pi/2 # 06 _min
sita_max=pi/2 #© max

sita=linspace(sita_min,sita_max,D_size)#Theata

kx=(—2xpi) /lambdaxsin(sita) #Wave_Number
pusi=(sin((Mxkx*dx)/2))/(M=sin((kx*dx)/2)) #beam_pattern
pusi_log=20+log10(abs(pusi))

#plot_command###H#HH#HHHH#HHH#
plt.figure(facecolor="w’)#Backgroundcolor_white

plt.plot(kx,pusi_log)
ylim(ymin=-20)

plt.xlabel(*kx [1/m] * fontsize=15)
plt.ylabel(’Energy [dB] ’ fontsize=15)
plt.grid()

plt.title(’Beam pattern’)

plt.show()
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Figure 2: Scilab FE1THiH

Source Code 3: Scilab

[1777777777777777777777777777717

// kx-M Beam pattern
//
// M.Tsutsui

[17117771777177117771777177777777
clear all;

pi=%pi;
eps=%eps;

D_size=60;//7 — % ¥
T=25;/ /15Kl
¢=331.540.61%T;// 5%k
£=1000;/ / J& %

sita_min=—pi/2 ; // 0 i

sita_max=pi/2; // 0 I
sita_p=linspace(sita_min,sita_max,D_size);// 0
M_min=3;

M_max=40;
M_p=linspace(M_min,M_max,D_size);//* > I
[sita,M]=meshgrid(sita_p,M_p);// * v > aAFJ

lambda=c/f;/ /%
dx=lambda/2;//7 L A [Hld_fix

kx=(—2xpi)/lambda.*sin(sita);/ /%
pusi=(sin((M.xkxxdx)./2))./(M.xsin((kxxdx)/2)+eps);//M_sweep_dx_£fix

surf(kx,M,abs(pusi),’facecol’,’w’,’ edgecol’,’b’);
xlabel("kx", "fontsize", 4);

ylabel("M", "fontsize", 4);

xgrid();

title(’M_ 25k’ fontsize? 4);




Source Code 4: Scilab

L1777 777777777777717777171777

// kx-dx Beam pattern
//
// M.Tsutsui

[1717717171717777777717771777777
clear all;

pi=Y%pi;
eps=%eps;

D_size=60;//7 — % %
T=25;/ /18 il
¢=331.54+0.61%T;/ /5
£=1000;// J&5% %

M=5;

sita_min=—pi/2 ; // N

sita_max=pi/2; // L
sita_p=linspace(sita_min,sita_max,D_size);// 0
lambda=c/f;/ /%
dx_p=linspace(lambda/4,1.3xlambda,D_size);//dx_sweep

[sita,dx]=meshgrid(sita_p,dx_p);// X v > 21F}k
kx=(—2x*pi)/lambda.xsin(sita);/ /%L
pusi=(sin((M.xkx.xdx)./2))./(M.*sin((kx.xdx)./2)+eps);//dx_sweep_M_fix

surf(kx,dx,pusi,’facecol’,’w’,’edgecol’,’r’);
xlabel("kx", "fontsize", 4);

ylabel("dx", "fontsize", 4);

zlabel("energy", "fontsize", 4);

xgrid();

title(’ dx Z8Mt.’,> fontsize’ 4);

Source Code 5: Python

# Module_Name:kx—M Beam pattern
# Author:m_tsutsui

#Library Import ##H#HA A HHHHHHHH A AR HHHHH AR FHHH

from numpy import*

from scipy import*

from pylab import x*

from mpl_toolkits.mplot3d import Axes3D #3Dim_Plot

import math, numpy as np
import matplotlib.pyplot as plt
FLibrary Import_end##H# #HHAHHHHHHHHHHHHHHHHHHHH

if _name__ == "__main__":
T=25 #temperature
¢=331.5+0.61%T #the_speed_of_sound
f=1000 #frequency
lambda=c/f #wave_length
dx=lambda/2 #array_interval_(fix)
D _size=50 #Data_Number

sita_min=—pi/2 #theta_min




sita_max=pi/2 #theta_max
sita_p=linspace(sita_min,sita_max,D _size) #direction
M_min=3

M_max=40

M _p=linspace(M_min,M_max,D size) #sensor_number
sita,M=meshgrid(sita_p,M_p) #mesh

kx=(—2xpi)/lambdaxsin(sita) #wave_number
pusi=(sin((Mxkxxdx)/2))/(Mssin((kx*dx)/2)) #M_sweep_dx_fix

aaaa=np.size(pusi,1)

#3DIm Plot#H#HA A HHHHHHH AR R HHHAHAAAH

fig = plt.figure(facecolor="w")

ax = Axes3D(fig)

ax.plot_wireframe(kx,M,abs(pusi),color = ’b’ linewidth = 0.3)
plt.xlabel(’kx [1/m] * fontsize=15)

plt.ylabel(’M’ fontsize=15)

plt.title(’kx-M_Beam pattern’)

plt.show()

Source Code 6: Python

# Module_Name:kx—dx Beam pattern
# Author:m_tsutsui

FLibrary Import###H##HHHHHHHHHHHHHHHHHHHHHHHH
from numpy imports

from scipy importsx*

from pylab import x*

from mpl_toolkits.mplot3d import Axes3D #3Dim_Plot

import math, numpy as np
import matplotlib.pyplot as plt
##Library Import_end# ##H#H#HHHHHAHHHHHHHHHHHHHHHH#

if _name__ == "__main__":
T=25 #temperature
¢=331.540.61xT #the_speed_of_sound
f=1000 #frequency
lambda=c/f #wave_length
dx=lambda/2 #array_interval_(fix)
D_size=60 #Data_Number

M=5 #M_fix

sita_min=—pi/2 #theta_min

sita_max=pi/2 #theta_max
sita_p=linspace(sita_min,sita_max,D_size) #direction
dx_p=linspace(lambda/4,1.3xlambda,D size) #dx_sweep
sita,dx=meshgrid(sita-p,dx-p) #mesh

kx=(—2xpi)/lambdaxsin(sita) #wave_number

pusi=(sin((Mxkx*dx)/2))/(Msxsin((kx*dx)/2)) #dx_sweep-M_fix
F3DIm _Plot###H#H#HHHHHHHHHHHRHHAHHHHHHH

fig = plt.figure(facecolor="w")
ax = Axes3D(fig)




ax.plot_wireframe(kx,dx,pusi,color = ’r’ linewidth = 0.3)
plt.xlabel(*kx [1/m] * fontsize=15)

plt.ylabel(’dx’ fontsize=15)
plt.title(’kx-dx Beam pattern’)

plt.show()
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Figure 3: Scilab FE1THiH

Source Code 7: Scilab

L177777777777777777777777777777177777777
// Jila- AR G

// direction-frequency response
//
// M.Tsutsui

1111771777777777177777777777777777777777
clear;

funcprot(0);

function|D_F_Res_o]=D_F_Res(dx,M);/ /¥ #
D_F_Res_o=1/Mx(sin(Mxdx/2+xomega./c.xsin(sita)))./(sin(dx/2+omega. /c.xsin(sita))+eps);//E— L/ 5 —

endfunction

pi=Y%pi;
eps=%eps;




D_size=50;//7 — % %
T=25;/ /18 it
¢=331.54+0.61%T;// 5k

sita_min=—>5/9xpi;/ /771 I &
sita_max=>5/9x*pi;///ilfl [
fmin=0;//J&IEC TR
f_max=8000;//J& £ [

sita_p=linspace(sita_min,sita_max,D_size);// /il 7 I )L
f_p=linspace(f_min,f_max,D size);/ /I~ 7 )L
[sita,f]l=meshgrid(sita_p,f_p);// X v > 2{FHk
omega=2xpixf;/ /%L

subplot(2,2,1);

surf(sita,f,abs(D_F_Res(0.015,10)),’ facecol’,’w’,’ edgecol’,’b’);// 7 L A [fll#1 . 5em, 5410
xgrid();

xlabel(" 6 [rad]", "fontsize", 3);

ylabel("freq[Hz]", "fontsize", 3);

title(*dx=1.5cm,M=10",’ fontsize’ 4);

subplot(2,2,2);

surf(sita,f,abs(D_F_Res(0.03,10)),’ facecol’,’w’,’edgecol’,’r’);// 7 L A [fll#i3cm, 410
xgrid();

xlabel(" 0 [rad]", "fontsize", 3);

ylabel("freq[Hz]", "fontsize", 3);

title(’dx=3cm,M=10",’ fontsize’,4);

subplot(2,2,3);

surf(sita,f,abs(D_F_Res(0.06,10)),” facecol’,’w’,’ edgecol’,’k’);// 7 L A [Hll#6cm, #3410
xgrid();

xlabel(" 0 [rad]", "fontsize", 3);

ylabel("freq[Hz]", "fontsize", 3);

title(’ dx=6cm,M=10",’ fontsize’ 4);

subplot(2,2,4);

surf(sita,f,abs(D_F_Res(0.1,10)),’ facecol’,’w’,’edgecol’,’m*);// 7 L A [flfd10cm, ¥ %10
xgrid();

xlabel(" 0 [rad]", "fontsize", 3);

ylabel("freq[Hz]", "fontsize", 3);

title(’dx=10cm,M=10,’ fontsize’ 4);

Source Code 8: Python

# Module_Name:direction—frequency response
# Author:m_tsutsui

#Library Import ##H#H A HHH HHHHH A AT HHHHH AR RHHH

from numpy import*

from scipy import*

from pylab import x*

from mpl_toolkits.mplot3d import Axes3D #3Dim_Plot

import math, numpy as np
import matplotlib.pyplot as plt
#Library Import_end##H# #HHAHHHHHHHHHHHHHHHHHHHH

def D_F_Res(dx,M):#_define_beam_pattern_function
return 1/Msx(sin(Mxdx/2*xomega/c*sin(sita)))/(sin(dx/2+«omega/c*sin(sita)))

if _name__ == "__main__":




T=25 #temperature
¢=331.5+0.61+xT #the_speed_of_sound
D_size=50 #Data_Number

sita_min=—5/9x*pi
sita-max=>5/9*pi
f_min=0 #freq_-min

f max=8000 #freq-max

sita_p=linspace(sita_min,sita_max,D_size) #direction
f_p=linspace(f_min,f_max,D _size) #frequency
sita,f=meshgrid(sita_p,f_p) #mesh

omega=2xpixf #angular_frequency

#3Dim Plot##7 # HH A HHH A HHH A HHH A H A A H A

fig = plt.figure(facecolor="w")

ax = fig.add_subplot(2, 1, 1, projection="3d?)
ax.plot_wireframe(sita,f,abs(D_F_Res(0.03,10)),color = ’b’ linewidth = 0.5)
plt.xlabel(’$\\theta$ [rad] ’ fontsize=15)

plt.ylabel(’ freq[Hz] ’ fontsize=15)

plt.title(’dx=3cm,M=10")

ax = fig.add_subplot(2, 1, 2, projection="3d")
ax.plot_wireframe(sita,f,abs(D_F_Res(0.06,10)),color = ’r’ linewidth = 0.5)
plt.xlabel(’$\\theta$ [rad] ’ fontsize=15)

plt.ylabel(’ freq[Hz] ’,fontsize=15)

plt.title(’ dx=6cm,M=107)

plt.show()




