Priloha B: Komentované zdrojové kddy
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KALIBRACE
Program pro kalibraci méficiho systému pro ¢tyfrmikrofonovou metodu méreni v akustické
impedancni trubici.

Autor: Michal Kasparek

% DAQ: NI USB-6341 (Device ID: 'Devl')
% version 1.0 - new MIC connection layout

% pouziti: Amplitudovou kalibracni funkci nasobit namerene hodnoty
% -> A(MIC) * kA(f)

% Fazovou kalibracni funkci / konstantu odecist od namerenych hodnot
% -> Ph(MIC)- kPh(f)

clc;

close all;

clear all;

FsReq = 40000; % max 125k for 4 channels
duration = 0.81; % sec

Aout = 0.2; % V

timeoffset =0.3; % sec

timeToAnalyze = 0.5; % sec

f_min = 40; % [Hz]

f_max = 1100;

n_measures = 120;
% freqvector = round(logspace(1ogl0(f_min),logl0(f_max),n_measures));
freqvector = f_min:f_max;

% [i][MIC no][char] (freq, Amp, Phase)

freqCchar4mic = zeros(length(freqvector), 4, 3);
freqchar4micLocalMax = zeros(length(freqvector), 4);

initialisation of DAQ

dag.getbDevices();

s = dag.createSession('ni');

chl = addanalogInputChannel(s, 'Devl', 4, 'voltage'); % MIC1
ch2 = addanalogInputChannel(s, 'Devl',5, 'voltage'); % MIC2
ch3 = addanalogInputChannel(s, 'Devl',6, 'Voltage'); % MIC3
ch4 = addanalogInputChannel(s, 'Devl',7,'voltage'); % MIC4

chl.TerminalcConfig 'SingleEnded’;
ch2.TerminalConfig = 'SingleEnded';
ch3.TerminalcConfig 'SingleEnded’;
ch4.TerminalcConfig 'SingleEnded’;



chl.Range = [-0.2,0.2];
ch2.rRange = [-0.2,0.2];
ch3.rRange = [-0.2,0.2];
ch4.rRange = [-0.2,0.2];

cho = addanalogoutputChannel(s, 'Devl','ao0', 'vVoltage');

s.Rate = FsReq;
FsReal = s.Rate;

for count=1:Tlength(freqvector),

Output data definition

F = freqvector(count);
dataout = Aout * sin(linspace(0, (duration*2*pi*F), duration*s.Rate));

Measurement

queueoutputbata(s, dataout');
[datameasured, timeStamps,~]= startForeground(s);
dataM = dataMeasured; % used channels 0, 2, 4, 6

Calculations
dataM crop - zahodit prvnich "timeOffset" ms a pouzit cele nasobky periody F => NP period

NP = floor(F * timeToAnalyze); % pocet period k analyze behem "timeToAnalyze"
datacrop = dataM((floor(timeoffset*FsReal):floor(timeoffset*FsReal+(NP*FsReal/F))),:);

W = [cos(2*pi*F*timeStamps(1l: (length(datacrop(:,1)))))
sin(2*pi*F*timeStamps (1: (Tength(datacrop(:,1)))))]; % tmp vector

phasorMconst = zeros(2,4); % phasorMconst(:,1) = Amp MICl, Phase MIC1l
phasorMcomplex = zeros(1,4);

for im = 1:4,
C = (W\datacCrop(:,im));
amp=sqrt(C(1)A2 + C(2)A2);
phi=atan2(c(1),c(2));

phasorMconst(:, im) = [amp, phi];
phasorMcomplex(im) = amp * exp(1li*phi);
end;

freqchar4mic (count,:, 1) = F; % freq
freqchar4mic (count,:, 2) phasorMconst(1,:); % Amp [V]
freqchar4mic (count,:, 3) phasorMconst(2,:); % Phase [rad]

freqchar4micLocalMax(count, :) = max(datacCrop);

end;



Normalization

normalized4MiCFreq = freqchar4mic (:,1, 1);
normalizedcChar4micAamp = 1./freqcChar4mic (:,:, 2);
normalizedchar4micPhase = freqchar4mic (:,:, 3);

% prepocet fazoveho zpozdeni ve vztahu ke kanalu MIC1l
normalizedChar4MICPhase = normalizedChar4MiCcPhase - normalizedChar4micCcPhase(:,1)*[1 1 1 1];
normalizedChar4MiCAmp = normalizedChar4MICAmp./(normalizedChar4micAmp(:,1)*[1 1 1 1]);

%normalizace rozsahu faze do (-pi, pi)
for ii=1l:Tength(normalizedChar4mIicCPhase),
for jj = 1:4,
while (normalizedChar4micPhase(ii, jj) >= pi || normalizedChar4micPhase(ii, jj) < -pi)
if normalizedcChar4micphase(ii, jj) >= pi,
normalizedChar4micPhase(ii, jj) = normalizedChar4micPhase(ii, jj) - 2*pi;
end;
if normalizedcChar4micphase(ii, jj) < -pi,
normalizedChar4micPhase(ii, jj) = normalizedChar4MICPhase(ii, jj) + 2%pi;
end;
end;
end;
end;

Visualisation (optional)

figure('position',[100 100 800 500]); plot(freqChar4MIC(:,1,1), freqChardMIC(:,:,2));
legend('MIC1','MIC2', 'MIC3', 'MIC4"); title(strcat(['Amplitudova charakteristika 4 MIC pro F = *,
num2str(f_min), -, num2str(f_max), 'Hz'])); xlabel('F [Hz])'); ylabel('Napéti [V]'); grid on;

figure('position',[100 100 800 500]); plot(freqChar4MIC(:,1,1), freqChardMIC(:,:,3));
legend('MIC1','MIC2', 'MIC3', 'MIC4"); title(strcat(['Fazova charakteristika 4 MIC pro F = ',
num2str(f_min), '-', num2str(f_max), 'Hz'])); xlabel('F [Hz])'); ylabel('Faze [rad]'); grid on;

% figure('position',[100 100 800 500]);

% plot(normalized4MICFreq, normalizedChar4MICAmp); legend('MICl','MIC2', 'MIC3', 'MIC4');

% title(strcat(['Amplitudové kalibrac¢ni charakteristiky 4 MIC pro F = ', num2str(f_min), '-',
num2str(f_max), 'Hz'1));

% x1abel('F [Hz])'); ylabel('Relativni napéti'); grid on;

% figure('position',[100 100 800 500]);

% plot(normalized4MICFreq, normalizedChar4MiCPhase); legend('mICl','mMIC2', 'MIC3', 'MIC4');
% title(strcat(['Fazové kalibracni charakteristiky 4 MIC pro F = ', num2str(f_min), '-',
num2str(f_max), 'Hz'1));

% x1abel('F [Hz])'); ylabel('relativni faze [rad]'); grid on;

Saving (optional)
Ukladané proménné: normalized4MICFreq; normalizedChar4dMICAmp; normalizedChar4MICPhase;

% FileName = strcat('.\Kalibrace\CalibrationTrubice4_', datestr(now,'yyyymmdd_HHMMSS'));
% save(FileName, 'normalized4MICFreq', 'normalizedChar4MICAmp', 'normalizedChar4MicCPhase');
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TRUBICE4_SWEEP

Program pro méreni akustickych veli¢in ¢tyfmikrofonovou metodou v akustické impedancni trubici.

Autor: Michal Kasparek

% DAQ: NI USB-6341 (Device ID: 'Devl')
% version 1.0 - new MIC connection Tayout

clc;

close all;

clear all;

FsReq = 40000; % max 125k for 4 channels
duration = 0.81; % sec

Aout = 0.05; % V

timeoffset =0.3; % sec

timeToAnalyze = 0.5; % sec

f_min = 130;

f_max = 800;

n_measures = 200;
freqvector = round(logspace(logl0(f_min),logl0(f_max),n_measures));

% Tloustka méreného vzorku [m]
d = 0.002;

% Vzdalenosti mikrofonu MIC1-MIC4 od cela vzorku: x1, x2, x3, x4

x1 = -0.6875;

x2 = -0.4575;

x3 = 0.460;

x4 = 0.690;

disp(strcat(['sweep measurement with ', num2str(n_measures), ' measurements in range ',
num2str(f_min), ' - ', num2str(f_max), ' Hz']));

Initialisation of DAQ

% dag.getbDevices();
s = dag.createSession('ni');

chl = addanalogInputChannel(s, 'Devl', 4, 'voltage'); % MIC1
ch2 = addanalogInputChannel(s, 'Devl',5, 'voltage'); % MIC2
ch3 = addanalogInputChannel(s, 'Devl',6, 'voltage'); % MIC3
ch4 = addanalogInputChannel(s, 'Devl',7,'voltage'); % MIC4

chl.TerminalConfig = 'SingleEnded';
ch2.TerminalcConfig 'SingleEnded’;
ch3.Terminalconfig 'SingleEnded’;
ch4.TerminalConfig = 'SingleEnded';

chl.rRange = [-0.2,0.2];



ch2.Range = [-0.2,0.2];
ch3.rRange = [-0.2,0.2];
ch4.rRange = [-0.2,0.2];

cho = addanalogoutputChannel(s, 'Devl','ao0', 'vVoltage');

s.Rate = FsReq; % FsIdeal
FsReal Ss.Rate;

Loading calibration data

fileName = 'CalibrationTrubice4_vuTs';
load(fileName);

R

Data Toaded:
normalized4MICFreq;
normalizedcChar4MICAmp;
normalizedchar4micPhase;

R R R

RAW data structure initialisation

pocetKanalu = 4;
delkaMereni = round(duration*s.Rate);
RawSweep4MIC = zeros(n_measures, pocetKanalu, delkaMereni);

Measurement cycle

for count=1:length(freqvector),
% output data definition
F = freqvector(count);
dataout = Aout * sin(linspace(0, (duration*2*pi*F), duration*s.Rate));

% Measurement
queueoutputData(s, dataout');
[dataMeasured, timeStamps,~]= startForeground(s);
dataM = dataMeasured;
% Calculations
NP = floor(F * timeToAnalyze); % pocet period k analyze behem "timeToAnalyze"
datacrop = dataM((floor(timeoffset*FsReal):floor(timeoffset*FsReal+(NP*FsReal/F))),:);

W = [cos(2*pi*F*timeStamps(1l: (length(datacCrop(:,1)))))
sin(2*pi*F*timeStamps(1l: (Tength(datacCrop(:,1)))))1;

phasorMconst = zeros(2,4); % phasorM(:,1) = Amp Micl, PhaseMicl (rad)
phasorMcomplex = zeros(1,4);

% Find calibration coefficient

normalizedcharindF = find(normalized4MICFreq == F);

if isempty(normalizedcChariIndF),
disp('ERROR: frequency not found in calibration file');
break;

end



for im = 1:4,
C = (W\dataCrop(:,im));
amp=sqrt(C(1)A2 + C(2)A2);
phi=atan2(c(1),c(2));

% Aplication of callibration coef.
amp = amp * normalizedChar4MICAmp(normalizedCharIndF, im);
phi = phi - normalizedChar4MIiCPhase(normalizedCharIndF, im);

phasorMconst(:, im) = [amp, phi];

phasorMcomplex(im) = amp * exp(li*phi);

end;

soundSpeed = 343.2*%sqrt((291)/293); % m/s at cca 18°

k = 2*pi*F/soundSpeed; % wave number

% COEFFICIENTS A, B, C, D,

A = li*(phasorMcomplex(1)*exp(1i*k*x2) - phasorMcomplex(2)*exp(1i*k*x1)) / ...
(2*sin(k*(x1 - x2)));

B = 1i*(phasorMcomplex(2)*exp(-1i*k*x1) - phasorMcomplex(1)*exp(-1i*k*x2)) / ...
(2*sin(k*(x1 - x2)));

C = li*(phasorMcomplex(3)*exp(1i*k*x4) - phasorMcomplex(4)*exp(1i*k*x3)) / ...
(2*sin(k*(x3 - x4)));

D = li*(phasorMcomplex(4)*exp(-1i*k*x3) - phasorMcomplex(3)*exp(-1i*k*x4)) / ...
(2*sin(k*(x3 - x4)));

t=22; % air temperature in °C
T=(t+273.15); % air temperature in K
Z=300; % Altitude/Elevation above sea level (m) - Lbc 374 m.n.m.

pAir = 101325 * (1.0 - Z*¥*0.0000225577)"5.2559; % Pressure dependent on altitude

RAir = 287.058; % specific gas constant for dry air 287.058 J/(kg-K)
rhoA = pAir/((RAir * T)); % Air Density [kg/m~3]
Px0=A+B;

VxO0 = (A - B) / (rhoA * soundSpeed);

Pxd = C*exp(-1i*k*d) + D*exp(1i*k*d);
Vxd = (C*exp(-1i*k*d) - D*exp(1i*k*d)) / (rhoA * soundSpeed);

% T =matrix 2x2 [T11 T12; T21 T22]
T = (1/(Px0*Vxd + Pxd*Vx0)) .* [(Pxd*Vxd + Px0*Vx0) (Px0"2-Pxd”2); (Vx072-Vxd”2) (Pxd*Vxd + Px0*Vx0)];

Ta = (2*exp(li*k*d)) / (T(1,1) + (T(1,2)/(rhoA * soundSpeed)) + (rhoA * soundSpeed * T(2,1) + T(2,2)));
Ra = (T(1,1) + (T(1,2)/(rhoA * soundSpeed)) - (rhoA * soundSpeed * T(2,1)) - T(2,2)) / ...
(T(2,1) + (T(2,2)/(rhoA * soundSpeed)) + (rhoA * soundSpeed * T(2,1)) + T(2,2));



dataR(count, 1) = F;

dataR(count, 2) = abs(Ta);

dataR(count, 3) = abs(Ra);

RawSweep4MIC(count, :, :) = dataMeasured’;
end;

Saving (optional)
UloZeni vsech ziskanych ¢asovych pribéha - hruba data k dalsi analyze

% FileName = strcat('RawSweep4MIC_', datestr(now,'yyyymmdd_HHMMSS'), '.mat');
% save(FileName, 'RawSweep4MIC');

Visualisation (optional)

R

figure;

subplot(2,1,1);

plot(datar(:, 1), datarR(:, 2));

grid on; title ('Ra absolutni hodnota transmise'); xlabel('F [Hz]');
subplot(2,1,2);

plot(datar(:, 1), dataR(:, 3));

grid on; title ('Ra absolutni hodnota odrazu'); xlabel('F [Hz]');

R X R R R R R R

figure

plot(datar(:, 1), sqrt((datar(:, 2)+datarR(:, 3))));
% plot(datar(:, 1), 20*loglO(datar(:, 2)));

grid on; title ('soucet Tr+Re'); xlabel('F [Hz]');

R X R R X

figure('position',[100 100 800 500]);

plotIndexes = floor(FsReal*timeoffset):floor(FsReal*timeoffset+length(datacCrop)-1);

plot(timestamps(plotIndexes), datacCrop(:, :)); legend('mMICl','MIC2', 'MIC3', 'MIC4');

title(strcat(['Naméreny pribéh napéti na kanalech pripojenych a odpojenych mikrofonl pro
', num2str(F), ' Hz']));

% xlabel('Cas [s])'); ylabel('Napéti [v]'); grid on; xlim([timeoffset

(timeoffset+timeToAnalyze)]);

I R R R

R

F



TRUBICE4_SWEEP_VoltageMFC
Program pro méreni akustickych a elektrickych velic¢in ¢tyfmikrofonovou metodou v akustické

impedancni trubici.

Je zde vyuZzito 8 vstupnich kanald. Kanaly Al 0, Al 1 méfi prabéh napéti na elektrodach MFC

aktudtor(. Kanal Al 2 predstavuje vstup laserového vibrometru. Al 3 je uzemnény vstupni kanal, ktery

slouZi k jednoznacnému oddéleni akustickych — mikrofonnich vstupa tak, aby nemohlo dojit k jevu

charge injection (viz dokumentace NI). Ziskana data kanalu Al 3 jsou zahozena, neslouZzi k zZddnym

vypoctim ani nejsou ukladdna. Kanaly Al 4 — Al 7 predstavuji jednotlivé mérici mikrofony, resp.

vystup z mikrofonniho predzesilovace.

Autor: Michal Kasparek

%
%

%
%
%
%
%
%
%
%
%

%
%
%
%
%

DAQ: NI USB-6341 (Device ID: 'Devl')
version 1.0 - new MIC connection layout

Definice vstupu DAQ (8 kanalu):

- MFC1l [v] Differential (-1, 1)

- MFC2 [v] Differential (-1, 1)

- Vibrometr [V] Differential (-5, 5)

- GND SingletEnded (-0.2, 0.2) - uzemnéni, oddéleni MIC vstupl
- MICcl [Vv] SingletEnded (-0.2, 0.2)

- MIC2 [V] SingletEnded (-0.2, 0.2)

- MIC3 [V] SingletEnded (-0.2, 0.2)

- MICc4 [Vv] SingletEnded (-0.2, 0.2)

NoO VA WN B O

Galvanické oddéleni vstupu 0,1,2 (MFCl, MFC2, Vibro) pres Dewetron
DEWE settings:

DEWEsetAin(0,2.5,10,0,0,1);

DEwWEsetAin(1,2.5,10,0,0,1);

DEWEsetAin(2,5,10,0,0,1);

clc;
close all;
clear all;

FsReq = 40000; % max 125k for 4 channels
duration = 0.81; % sec
Aout = 0.3; % V

timeoffset
timeToAnalyze =

o o

.35 % sec
5; % sec

f_min = 50;

f_max = 1000;

n_measures = 120;

freqvector = round(logspace(logl0(f_min),logl0(f_max),n_measures));

%

%

Tloustka méreného vzorku [m]
d = 0.002;

VZDALENOSTI MIKROFONU MIC1+MIC4 od cela vzorku: x1, x2, x3, x4
x1 = -0.6875;



x2 = -0.4575;

x3 = 0.460;

x4 = 0.690;
disp(strcat(['Sweep measurement with ', num2str(n_measures),
num2str(f_min), ' - ', num2str(f_max), ' Hz']));
Initialisation of DAQ
dag.getDevices();
s = dag.createSession('ni');
ch0 = addAnalogInputcChannel(s, 'Devl',0, 'voltage'); % V MFC1l
ch0.Terminalconfig = 'Differential’;
ch0.Range = [-1,1];
chl = addAnalogInputcChannel(s, 'Devl',1, 'voltage'); % V MFC2
chl.Terminalconfig = 'Differential’;
chl.range = [-1,1];
ch2 = addAnalogInputcChannel(s, 'Devl',2, 'voltage'); % laser Vvibrometer
ch2.Terminalconfig = 'Differential’;
ch2.rRange = [-5,5];
ch3 = addAnalogInputcChannel(s, 'Devl',3, 'voltage'); % GND
ch3.Terminalconfig = 'SingleEnded';
ch3.rRange = [-0.2,0.2];
ch4 = addAnalogInputcChannel(s, 'Devl', 4, 'voltage'); % MIC1l
ch5 = addAnalogInputcChannel(s, 'Devl',5, 'voltage'); % MIC2
ch6 = addAnalogInputcChannel(s, 'Devl',6, 'voltage'); % MIC3
ch7 = addAnalogInputcChannel(s, 'Devl',7,'voltage'); % MIC4
ch4.Terminalconfig = 'SingleEnded';
ch5.Terminalconfig = 'SingleEnded';
ch6.Terminalconfig = 'SingleEnded';
ch7.Terminalconfig = 'SingleEnded';
ch4.rRange = [-0.2,0.2];
ch5.Range = [-0.2,0.2];
ch6.rRange = [-0.2,0.2];
ch7.Range = [-0.2,0.2];
cho = addAnalogoutputChannel(s, 'Devl', 'ao0', 'voltage');

s.Rate = FsReq;

FsReal

S.Rate;

Loading calibration data

fileName = 'CalibrationTrubice4_VvuTs';

Tload(fileName);

% Data loaded:

' measurements in range

’



% normalized4MICFreq;
% normalizedChar4mMICAmp;
% normalizedChar4MICPhase;

RAW data structure initialisation

pocetKanalu 8;
deTkamereni round(duration*s.Rate);
RawSweep2Voltagelvibro4MIiC = zeros(n_measures, pocetkanalu, delkaMereni);

Measurement cycle

for count=1:Tength(freqvector),
% output data definition
F = freqvector(count);
dataout = Aout * sin(linspace(0, (duration*2*pi*F), duration*s.Rate));

% Measurement
queueoutputData(s, dataout');
[datameasured, timeStamps,~]= startForeground(s);
datam = dataMeasured(:,5:8);

% calculations
NP = floor(F * timeToAnalyze); % pocet period k analyze behem 500ms
datacrop = datamM((floor(timeoffset*FsReal):floor(timeoffset*FsReal+(NP*FsReal/F))),:);

W = [cos(2*pi*F*timeStamps(1l: (length(datacCrop(:,1)))))
sin(2*pi*F*timeStamps (1: (Tength(datacrop(:,1)))))]; % tmp vector

phasorMconst = zeros(2,4); % phasorMm(:,1) = Amp Micl, PhaseMicl (rad)
phasorMcomplex = zeros(1,4);

% Find calibration coefficient

normalizedcharindF = find(normalized4MICFreq == F);

if isempty(normalizedChariIndF),
disp('ERROR: frequency not found in calibration file');
break;

end

mldivide

for im = 1:4,
C = (W\dataCrop(:,im));
amp=sqrt(C(1)A2 + C(2)A2);
phi=atan2(c(1),c(2));

% Aplication of callibration coef.
amp = amp * normalizedChar4MICAmp(normalizedCharIndF, im);
phi = phi - normalizedChar4micPhase(normalizedCharIndF, im);

phasorMconst(:, im) = [amp, phi];
phasorMcomplex(im) = amp * exp(1li*phi);

end;

soundSpeed = 343.2*sqrt((291)/293); % m/s at cca 18°
k = 2*pi*F/soundSpeed; % wave number
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% COEFFICIENTS A, B, C, D,

A = Lli*(phasorMcomplex(1l)*exp(1li*k*x2) - phasorMcomplex(2)*exp(li*k*x1)) / ...
2*sin(k*(x1 - x2)));

B = 1i*(phasorMcomplex(2)*exp(-1i*k*x1) - phasorMcomplex(l)*exp(-1li*k*x2)) / ...
2*sin(k*(x1 - x2)));

C = 1li*(phasorMcomplex(3)*exp(li*k*x4) - phasorMcomplex(4)*exp(li*k*x3)) / ...
*sin(k*(x3 - x4)));

D = 1li*(phasorMcomplex(4)*exp(-1i*k*x3) - phasorMcomplex(3)*exp(-1li*k*x4)) / ...
*sin(k*(x3 - x4)));

t = 22; % air temperature in °C

T = (t + 273.15); % air temperature in K

Z = 300; % Altitude/Elevation above sea level (m) - Lbc 374 m.n.m.

pAir = 101325 * (1.0 - z*0.0000225577)A5.2559; % Pressure dependent on altitude

RAir = 287.058; % specific gas constant for dry air

287.058 13/(kg-K)
rhoA = pAir/((RAIr * T)); % Air Density [kg/mA3]
Px0 = A + B;

vx0 = (A - B) / (rhoA * soundSpeed);

Pxd = C*exp(-1li*k*d) + D*exp(li*k*d);
vxd (C*exp(-1li*k*d) - D*exp(li*k*d)) / (rhoA * soundSpeed);

% T = matrix 2x2 [T11 T12; T21 T22]
T = (1/(Px0*vxd + Pxd*vx0)) .* [(Pxd*vxd + Px0*Vvx0) (Px0A2-PxdA2); (Vx0A2-vxdA2) (Pxd*vxd
+ Px0*vx0)1;

Ta R*exp(Li*k*d)) / (T(1,1) + (T(1,2)/(rhoA * soundSpeed)) + (rhoA * soundSpeed *
T2, + T7(2,2)));
Ra = (T(1,1) + (T(1,2)/(rhoA * soundspeed)) - (rhoA * soundSpeed * T(2,1)) - T(2,2)) / ...
(T, + (1(1,2)/(rhoA * soundspeed)) + (rhoA * soundsSpeed * T(2,1)) + T(2,2));

datarR(count, 1) = F;

dataR(count, 2) = abs(Ta);
dataR(count, 3) = abs(Ra);
RawSweep2Voltagelvibro4miCc(count, :, :) = dataMeasured';

end;

Saving (optional)
UloZeni vsech ziskanych ¢asovych pribéhd - hruba data k dalsi analyze

% FileName = strcat('RawSweep2voltagelvibro4mic', datestr(now,'yyyymmdd_HHMMSS'), '.mat');
% save(FileName, 'RawSweep2VoltagelVibro4Mmic');

Visualisation (optional)

% figure('position',[100 100 800 5001);
% subplot(2,1,1);



%
%
%
%
%
%
%

%
%
%
%

%
%
%
%

xR

0

% figure('position',[100 100 800 500], 'name', 'vizualizace kopirovani vstupu s vysokou z a

plot(datar(:, 1), datarR(:, 2));
grid on; title ('Ta absolutni hodnota transmise'); xlabel('F [Hz]');

% ylim([0 11);
subplot(2,1,2);

plot(datar(:, 1), datarR(:, 3));
grid on; title ('Ra absolutni hodnota odrazu'); xlabel('F [Hz]');

% ylim([0 11);

figure('position',

[100 100 800 5001);

plot(datar(:, 1), sqrt((datarR(:, 2)+dataR(:, 3))));
% plot(datarR(:, 1), 20*loglO(datar(:, 2)));
grid on; title ('soucet Tr+Re'); xlabel('F [Hz]"');

figure('position',

[100 100 800 5001);

plotIndexes = floor(FsReal*timeoffset):floor(FsrReal*timeoffset+length(dataCrop)-1);
plot(timeStamps(plotIndexes), datacCrop(:, :)); Tlegend('™MICl','MIC2', 'MIC3', 'MIC4');

title(strcat(['Naméreny pribéh napéti na kanadlech pripojenych a odpojenych mikrofoni pro

", num2str(F), ' Hz']));
xlabel('Cas [s])'); ylabel('Napéti [V]'); grid on; xlim([timeoffset
(timeoffset+timeToAnalyze)]);

reSeni kompenzaci');
grid on; title ('Problém multiplexoru NI 6341 s injektazi naboje');
xlabel('Cas [s])'); ylabel('Napéti [V]');

plot(timeStamps(:), dataMeasured(:, 1:3));

Tegend('1l: MIC1l','2: Nepripojeny vstup', '3: MIC2- odpojeny mikrofon');

x1im([0.16 0.17]);

% figure('position',[100 100 800 500], 'name', 'verifikace "cCistoty" kandalu s odpojenym
mikrofonem - nové zapojeni');

grid on; title ('Verifikace "c¢istoty" kandlu s odpojenym mikrofonem - nové zapojeni');
xlabel('Cas [s])'); ylabel('Napéti [V]');

plot(timeStamps(:), dataMeasured(:, 5:6));

legend('1l: mICl',
x1im([0.16 0.17]);

'2: MIC2 - odpojeny mikrofon');

F



Analyza a vizualizace RAW dat - méreni Sweep VUTS - prazdna trubice

Program pro analyzu a vizualizaci vysledkl méreni prazdné trubice bez vlozeného vzorku pfi verifikaci
funkénosti systému impedancni trubice v bezodrazné komore VUTS.

Autor: Michal Kasparek

% Kalibracni soubor 40-1100 Hz
% Datovy soubor 01 -> 50-600 Hz 200p

clc;
clear all;
close all;

FsReq = 40000;
FsReal = 40000;

duration = 0.81; % sec
timeoffset =0.3; % sec
timeToAnalyze = 0.5; % sec
f_min = 50;

f_max = 600;

n_measures = 200;

freqvector = round(logspace(logl0(f_min),logl0(f_max),n_measures));

% Tloustka méreného vzorku [m]

d = 0.001;
% VZDALENOSTI MIKROFONU MIC1-MIC4 od cela vzorku: x1, x2, x3, x4
x1 = -0.6875;
x2 = -0.4575;
x3 = 0.460;
x4 = 0.690;
Loading

names = { 'OlRawSweep_VUTS_prazdny_201709204MIC_50-600Hz_200points_A-0.2.mat"' };
% Calibration data

fileName = 'cCalibrationTrubice4_vuTS.mat';

load(fileName);

% Data Toaded:
% normalized4MICFreq;
% normalizedChar4MICAmp;
% normalizedChar4MiCPhase;

Calculations

% freqChar(noMeasR-26, F-200, ch-4, A/Ph-2)
freqchar = zeros(length(names),length(freqvector), 4, 2);
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TRall zeros(length(names), Tength(freqvector), 2); % (measR, F, F/TR)
RRall = zeros(length(names),length(freqvector), 2); % (measkR, F, F/RR)

% 50-600 Hz 200p

for noMeasR = 1:Tength(names), % Jednotliva mereni
load(char(names(noMeasR, :))); % RawSweep4MIC
for countF=1:Tlength(freqvector), % Frekvence v jdntl mereni

F = freqvector(countF);
NP = floor(F * timeToAnalyze); % pocet period k analyze

cropLength = floor(NP*FsReal/F);

sampleRange = (floor(timeoffset*FsReal):floor(timeoffset*FsReal+cropLength-1));
dataCrop = reshape(RawSweep4MIC(countF, :, sampleRange), [4 cropLength]);
dataCrop = dataCrop';

phasorMconst = zeros(2,4); % phasorM(:,1) = Amp Micl, PhaseMicl (rad)

% Find calibration coefficient
normalizedcharindF = find(normalized4MICFreq == F);
if isempty(normalizedChariIndF),
disp('ERROR: frequency not found in calibration file');
break;
end
% Calculating phasor
timeStamps = (linspace(0, timeToAnalyze, length(datacCrop(:,1))))';
W = [cos(*pi*F*timeStamps(1l: (Tength(datacCrop(:,1)))))
sin(*pi*F*timeStamps(1l: (Tength(dataCrop(:,1)))))]; % tmp vector
C = (W\dataCrop(:,:));
amp=sqrt(C(1,:).A2 + C(2,:).A2);
phi=atan2(c(1,:),c(2,:));

for im = 1:4,
amp(im) = amp(im) * normalizedChar4MICAmp(normalizedCharIndF, im);
phiCim) phi(im) - normalizedChar4micPhase(normalizedCharIndF, im);

phasorMconst(:, im) = [amp(im), phi(im)];
phasorMcomplex(im) = amp(im) * exp(li*phi(im));
end;

% Calculating TR, RR
soundSpeed = 343.2*sqrt((291)/293); % m/s at cca 18°

k = 2*pi*F/soundSpeed; % rad/m, wave number -> complex??

A = li*(phasorMcomplex(1)*exp(1i*k*x2) - phasorMcomplex(2)*exp(1i*k*x1)) / ...
(2*sin(k*(x1 - x2)));

B = li*(phasorMcomplex(2)*exp(-1i*k*x1) - phasorMcomplex(1)*exp(-1i*k*x2)) / ...
(2*sin(k*(x1 - x2)));

C = li*(phasorMcomplex(3)*exp(1i*k*x4) - phasorMcomplex(4)*exp(1i*k*x3)) / ...
(2*sin(k*(x3 - x4)));

D = 1i*(phasorMcomplex(4)*exp(-1i*k*x3) - phasorMcomplex(3)*exp(-1i*k*x4)) / ...
(2*sin(k*(x3 - x4)));



t=22; % air temperature in °C
T=(t+273.15); % air temperature in K
Z=300; % Altitude/Elevation above sea level (m) - Lbc 374 m.n.m.

pAir =101325 * (1.0 - 2*0.0000225577)"5.2559; % Pressure dependent on altitude

RAir = 287.058; % specific gas constant for dry air 287.058 J/(kg-K)
rhoA = pAir/((RAir * T)); % Air Density [kg/m/3]
Px0=A+B;

Vx0 = (A - B) / (rhoA * soundSpeed);
Pxd = C*exp(-1i*k*d) + D*exp(1i*k*d);
Vxd = (C*exp(-1i*k*d) - D*exp(1i*k*d)) / (rhoA * soundSpeed);

% T =matrix 2x2 [T11 T12; T21 T22]
T = (1/(Px0*Vxd + Pxd*Vx0)) .* [(Pxd*Vxd + Px0*Vx0) (Px072-Pxd”2); (Vx072-Vxd"2) (Pxd*Vxd + Px0*Vx0)];

Ta = (2*exp(Li*k*d)) / (T(1,1) + (T(1,2)/(rhoA * soundSpeed)) + (rhoA * soundSpeed * T(2,1) + T(2,2)));
Ra = (T(1,1) + (T(1,2)/(rhoA * soundSpeed)) - (rhoA * soundSpeed * T(2,1)) - T(2,2)) / ...
(T(1,1) + (T(1,2)/(rhoA * soundSpeed)) + (rhoA * soundSpeed * T(2,1)) + T(2,2));
freqChar(noMeasR, countF, :, :) = phasorMconst';
TRall(noMeasR, countF, 1) = F;
TRall(noMeasR, countF, 2) = abs(Ta);
RRall(noMeasR, countF, 1) = F;
RRall(noMeasR, countF, 2) = abs(Ra);

end;

clear RawSweep4MIC;

end;

VISUALISATION

TR prenos prvniho mereni prazdne trubice

figure('position',[100 100 800 500], 'name', 'Prenos TR prvniho méreni - prazdna trubice');
plot(TRA1IT(1, :, 1), TRAII(1, :, 2));
% legend('Jen polykarbonnat', 'kompozit el.volné Tong', 'kompozit el. zkrat. long', 'kompozit

el.volné short', 'kompozit el. zkrat short');
title('Prenos TR prvniho méreni - prazdnd trubice');
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x1abel('Frekvence [Hz]'); ylabel('Prenos'); grid on;
% y1im([0 11); x1im([50 600]1);

Prenos TR prvniho méfeni - prazdna trubice

3 T

25F

Prenos
w
T

o5 / 1

D 1 1 1
0 100 200 300 400 500 600

Frekvence [Hz]

RR odraz prvniho mereni prazdne trubice

figure('position',[100 100 800 500], 'name', 'Odraz RR prvniho méreni - prazdna trubice');
plot(RRAT1(1, :, 1), RRalI(1, :, 2));

% legend('Jen polykarbonndt', 'kompozit el.volné long', 'kompozit el. zkrat. Tong', 'kompozit
el.volné short', 'kompozit el. zkrat short');

title('odraz RR prvniho méreni - prazdna trubice');

x1abel ('Frekvence [Hz]'); ylabel('odraz'); grid on;

% y1im([0 1]); x1im([50 600]);

Odraz RR prvniho méfeni - prazdna trubice

1.8 T

1.2F

|\
02+ ||f
|

|II
0 SN
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Frekvence [Hz]
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Analyza a vizualizace RAW dat - mereni Sweep VUTS

Program pro analyzu a vizualizaci akustickych veli¢in zjisténych ctyrmikrofonovou metodou v
akustické impedancni trubici pfi méfeni v bezodrazné komore VUTS. Algoritmus lze jednoduchou
modifikaci vyuZzit i pro jiné mnozZiny vstupnich dat, zde je vSe pfipraveno a optimalizovano (z hlediska
narokd na operacni pamét RAM) pro efektivni nacteni a zpracovani méfeni z bezodrazné komory
VUTS.

Sekce VISUALISATION obsahuje vybrané vysledky akustickych velicin i s vlastnimi grafy. Zde lze
jednoduchou obménou parametr( u jednotlivych sekci zobrazovat rizné veliciny z riznych méreni,
celkovych moznych kombinaci je pfiliS vysoké mnoZstvi na to, aby bylo vhodné je vSechny pojmout do
jednoho dokumentu. A to zejména s pfihlédnutim k faktu, Ze zakladni principy a pribéhy se éasto
opakuiji.

Autor: Michal Kasparek

% 28 souboru dat z 28 mereni, z toho pouzito 26 + kalibrace:

% Kalibracni soubor 40-1100 Hz

% 01 -> 50-600 Hz 200p

% 02-20, 22-28 -> 130-800 Hz 200p

% 21 kratsi - JEN 60 BODU - VYNECHAT
% 0.81 sec -> 32400 points

clc;
clear all;
close all;

FsReq = 40000;
FsReal = 40000;

duration = 0.81; % sec
timeoffset = 0.3; % sec
timeToAnalyze = 0.5; % sec
f_min = 130;
f_max = 800;

n_measures = 200;
freqvector = round(logspace(logl0(f_min),logl0(f_max),n_measures));

% Tloustka méreného vzorku [m]

d = 0.001;
% VZDALENOSTI MIKROFONU MIC1-MIC4 od cela vzorku: x1, x2, x3, x4
x1 = -0.6875;
x2 = -0.4575;
x3 = 0.460;
x4 = 0.690;



Load init - file names
Vzhledem k velkému mnozZstvi dat jsou soubory nacitany a zpracovavany postupné v sekci
Calculations

names = { 'O2RawSweep_VUTS_JenPolykarbonat_201709204MIC_130-800Hz_200points_A-0.2.mat"';...
'03RawSweep_VUTS_MFC-openCircuitNaDlouho_201709204MIC_130-800Hz_200points_A-0.2.mat';...
'04RawSweep_VUTS_MFC-shortCircuitNabLouho_201709204MIC_130-800Hz_200points_A-0.2.mat"';...
'05RawSweep_VUTS_MFC-shortCircuitNakKratko_201709204MIC_130-800Hz_200points_A-0.2.mat"';...
'06RawSweep_VUTS_MFC-openCircuitNakKratko_201709204MIC_130-800Hz_200points_A-0.2.mat';...
'07RawSweep_VUTS_MFC-MFCZv1astRozpojene_201709204MIC_130-800Hz_200points_A-0.2.mat';...
'08RawSweep_VUTS_MFC-MFCzvlastzkratovane_201709204MIC_130-800Hz_200points_A-0.2.mat';...
'09RawSweep_VUTS_MFC-MFCZv1ast3000hm_201709204MIC_130-800Hz_200points_A-0.2.mat";...
'10RawSweep_VUTS_MFC-antiparalelne3000hm_201709204MIC_130-800Hz_200points_A-0.2.mat';...
'11RawSweep_VUTS_NIC1_201709204MI1C_130-800Hz_200points_A-0.2.mat"';...
'12RawSweep_VUTS_NIC2_201709204MI1C_130-800Hz_200points_A-0.1.mat"';...
'13RawSweep_VUTS_NIC3_201709204M1C_130-800Hz_200points_A-0.05.mat"';...
'14RawSweep_VUTS_NIC4_201709204M1C_130-800Hz_200points_A-0.05.mat"';...
'15RawSweep_VUTS_NIC5_201709204M1C_130-800Hz_200points_A-0.05.mat"';...
'16RawSweep_VUTS_NIC6_201709204M1C_130-800Hz_200points_A-0.05.mat"';...
'17RawSweep_VUTS_NIC7_201709204M1C_130-800Hz_200points_A-0.05.mat"';...
'18RawSweep_VUTS_NIC8_201709204M1C_130-800Hz_200points_A-0.05.mat"';...
'19RawSweep_VUTS_NIC9_201709204M1C_130-800Hz_200points_A-0.05.mat"';...
'20RawSweep_VUTS_NICH1_201709204MI1C_130-800Hz_200points_A-0.05.mat"';...
'22RawSweep_VUTS_NICH3_201709204MIC_130-800Hz_200points_A-0.05.mat"';...
'23RawSweep_VUTS_NICH4_201709204MIC_130-800Hz_200points_A-0.05.mat"';...
'24RawSweep_VUTS_NICH5_201709204MIC_130-800Hz_200points_A-0.05.mat"';...
'25RawSweep_VUTS_NICH6_201709204MIC_130-800Hz_200points_A-0.05.mat"';...
'26RawSweep_VUTS_NICH7_201709204MI1C_130-800Hz_200points_A-0.05.mat"';...
'27RawSweep_VUTS_NICH8_201709204MIC_130-800Hz_200points_A-0.05.mat"';...
'28RawSweep_VUTS_NICH9_201709204MIC_130-800Hz_200points_A-0.05.mat"';...

i

Loading calibration data

fileName = 'calibrationTrubice4_vuTS.mat';
Tload(fileName);

% Data Tloaded:
% normalized4MICFreq;
% normalizedChar4MICAmp;
% normalizedChar4MiCPhase;

Calculations

% freqChar(noMeasR-26, F-200, ch-4, A/Ph-2)
freqchar = zeros(length(names),length(freqvector), 4, 2);

TRall zeros(length(names),length(freqvector), 2); % (measR, F, F/TR)
RRall = zeros(length(names),length(freqvector), 2); % (measR, F, F/RR)

% 130-800 Hz 200p



for noMeasR = 1:length(names), % Jednotliva mereni
load(char(names(noMeasR, :))); % RawSweep4MIC

for countF=1:Tlength(freqvector), % Frekvence v jdntl mereni
F = freqvector(countF);

NP = floor(F * timeToAnalyze); % pocet period k analyze

cropLength = floor(NP*FsReal/F);

sampleRange = (floor(timeoffset*FsReal):floor(timeoffset*FsReal+cropLength-1));

dataCrop = reshape(RawSweep4MIC(countF, :, sampleRange), [4 cropLength]);
dataCrop = dataCrop';

phasorMconst = zeros(2,4); % phasorMm(:,1) = Amp Micl, PhaseMicl (rad)

% Find calibration coefficient
normalizedcharindF = find(normalized4MICFreq == F);
if isempty(normalizedChariIndF),
disp('ERROR: frequency not found in calibration file');
break;
end

% Calculating phasor
timeStamps = (linspace(0, timeToAnalyze, length(datacCrop(:,1))))';
W = [cos(*pi*F*timeStamps(1l: (Tength(datacCrop(:,1)))))
sin(*pi*F*timeStamps(1l: (Tength(dataCrop(:,1)))))]; % tmp vector
C = (W\dataCrop(:,:));
amp=sqrt(C(1,:).A2 + C(2,:).A2);
phi=atan2(c(1,:),c(2,:));

for im = 1:4,
amp(im) = amp(im) * normalizedChar4mICAmp(normalizedCharindF, im);
phi(im) = phi(im) - normalizedChar4micPhase(normalizedCharIndfF, im);

phasorMconst(:, im) = [amp(im), phi(im)];
phasorMcomplex(im) = amp(im) * exp(li*phi(im));
end;

% Calculating TR, RR
soundSpeed = 343.2*%sqrt((291)/293); % m/s at cca 18°

k = 2*pi*F/soundSpeed; % rad/m, wave number -> complex??

A

(z*sin(k*(xl = XZ)));

vs)
Il

(fos‘in(k* (Xl = XZ))) 5

1i*(phasorMcomplex (1) *exp(li*k*x2) - phasorMcomplex(2)*exp(li*k*x1)) / ...

1i*(phasorMcomplex(2)*exp(-1li*k*x1) - phasorMcomplex(1l)*exp(-1li*k*x2)) / ...

C = 1li*(phasorMcomplex(3)*exp(li*k*x4) - phasorMcomplex(4)*exp(1li*k*x3)) / ...

2*sin(k*(x3 - x4)));

D = 1i*(phasorMcomplex(4)*exp(-1i*k*x3) - phasorMcomplex(3)*exp(-1i*k*x4)) / ...
(2*sin(k*(x3 - x4)));

t = 22; % air temperature in °C

T = (t + 273.15); % air temperature in K

Z = 300; % Altitude/Elevation above sea Tevel (m) - Lbc 374 m.n.m.

pAir = 101325 * (1.0 - z*0.0000225577)A5.2559; % Pressure dependent on altitude

RAir = 287.058; % specific gas constant for dry air

287.058 3/(kg-K)



rhoA = pAir/((RAIr * T)); % Air Density [kg/mA3]

Px0 = A + B;

vx0 = (A - B) / (rhoA * soundSpeed);

Pxd = C*exp(-1li*k*d) + D*exp(li*k*d);

vxd = (C*exp(-1li*k*d) - D*exp(li*k*d)) / (rhoA * soundSpeed);

% T = matrix 2x2 [T11l T12; T21 T22]
T = (1/(Px0*vxd + Pxd*vx0)) .* [(Pxd*vxd + Px0*Vx0) (Px0A2-PxdA2); (Vx0A2-vxdA2)
(Pxd*vxd + Px0*vx0)];

Ta = (2*exp(li*k*d)) / (T7(1,1) + (1(1,2)/(rhoA * soundSpeed)) + (rhoA * soundSpeed *
T2, + T7(2,2)));
Ra = (T(1,1) + (T(1,2)/(rhoA * soundsSpeed)) - (rhoA * soundSpeed * T(2,1)) - T(2,2)) /

(T, + (1(1,2)/(rhoA * soundSpeed)) + (rhoA * soundsSpeed * T(2,1)) + T(2,2));

freqchar(noMeasR, countF, :, :) = phasorMconst';

TRall(noMeasR, countF, 1) = F;
TRall(noMeasR, countF, 2) = abs(Ta);
RRall(noMeasR, countF, 1) = F;
RRall(noMeasR, countF, 2) = abs(Ra);

end;
clear RawSweep4MIC;
end;
VISUALISATION
indexUvodl = (1:5);
indexUvod2 = (6:9);
indexsoftl = (10:12);
indexsoft2 = [12, 13, 14, 15, 18, 16, 17];

TR = Acoustic Transmisibility of selected measurements
Struktura pouZitych poli:

freqChar[noMeasR-7, F-120, ch-7, A/Ph-2]

TRall = zeros(length(names),length(freqVector), 2); % [measR, F, F/TR]

figure('position',[100 100 800 500], 'name', 'Prenos TR vybranych méreni - Uvodni porovnani');
% plot(TRall(l, :, 1), TRall(indexuvodl, :, 2), 'Linewidth', 1.5);

plot(TRall(1l, :, 1), TRall(indexuvodl, :, 2));

Tegend('Jen polykarbonat', 'kompozit el.volné 1', 'kompozit el. zkrat. 1','kompozit el. zkrat.
2', 'kompozit el.volné 2');

title('Prenos TR vybranych méreni - Uvodni porovnani');
x1abel ('Frekvence [Hz]'); ylabel('Prenos'); grid on;
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% y1lim(C[0 11); x1im([130 800]);

figure('position',[100 100 800 500], 'name', 'Prenos TR vybranych méreni - MFC rozpojena');
plot(TRall(1l, :, 1), TRall(indexuvod2, :, 2));

Tegend('MFC rozpojena el. volné', 'MFC rozpojena el. zkrat', 'MFC rozpojena kazdé 300
\Omega', '"MFC antiparalelné - zatizeno 300 \Omega');

title('Prenos TR vybranych méreni - MFC rozpojena');

x1abel('Frekvence [Hz]'); ylabel('Prenos'); grid on;

% y1im([0 11); x1im([130 800]1);
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Composite sample - NIC Softening

figure('position',[100 100 800 500], 'name', 'Prenos TR KOMPOZITU s NIC - softening - ruzna
A0 ');

plot(TRA11(1, :, 1), TRall(indexsoftl, :, 2));

legend('A_o = 0.2 V', '"A_o =0.1V', "A_o=0.05V");

title('Prenos TR KOMPOZITU s NIC - softening - rizna A_o ');

x1abel('Frekvence [Hz]'); ylabel('PFenos'); grid on;

% y1im([0 11); x1im([130 800]1);

figure('position',[100 100 800 500], 'name', 'Prenos TR KOMPOZITU s NIC - softening - rdzné
R_2 ');

plot(TRA11(1, :, 1), TRall(indexsoft2, :, 2));

Tegend('R_2 = 5 \Omega', 'R_2 = 10 \Omega', 'R_2 = 15 \Omega', 'R_2 = 25 \Omega', 'R_2 = 35
\Oomega', 'R_2 = 45 \Omega', 'R_2 = 60 \Omega');

title('Prenos TR KOMPOZITU s NIC - softening - rlzné R_2 ');

x1abel('Frekvence [Hz]'); ylabel('Prenos'); grid on;

% ylim(C[O0 11); xTim([130 800]);
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Composite sample - NIC Hardening
indexHard = [19, 20, 21, 22, 23, 24, 26];

figure('position',[100 100 800 500], 'name', 'Prenos TR KOMPOZITU s NIC - hardening - rlzné
R_2 ");

plot(TRall(1l, :, 1), TRall(indexHard, :, 2));

Tegend('R_2 = 0 \Omega', 'R_2 = 5 \Omega', 'R_2 = 10 \Omega', 'R_2 = 15 \Omega', 'R_2 = 25
\Omega', 'R_2 = 35 \Omega l:nestabilni', 'R_2 = 35 \Omega 3:stabilni');

title('Prenos TR KOMPOZITU s NIC - hardening - ruzné R_2 ');

x1abel('Frekvence [Hz]'); ylabel('Prenos'); grid on;

% y1im([0 1]1); x1im([130 800]);

indexHard2 = [20, 21, 22, 26];

figure('position',[100 100 800 500], 'name', 'Prenos TR KOMPOZITU s NIC - hardening - rlzné
R2 ');

plot(TRall(1l, :, 1), TRall(indexHard2, :, 2));

Tegend('R_2 = 5 \Omega', 'R_2 = 10 \Omega', 'R_2 = 15 \Omega', 'R_2 = 35 \Omega');
title('Prenos TR KOMPOZITU s NIC - hardening - ruzné R_2 ');

xlabel ('Frekvence [Hz]'); ylabel('Prenos'); grid on;

% y1im([0 11); x1im([130 800]);
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