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- Cislicové IIR filtry vyssich rfadu
— filtry se dvéma poly
— (filtry s vice poly)
— Fazeni filtra
* Aplikace
— banka filtra (rezonatoru)
— filtracni syntézy s casove prom. filtry
— formantoveé syntézy (samohlasky, nastroje)
— potlaéeni Sumu



lIR filtr s jednim pélem
(pohyb pélu po realné ose)



iir1_a.mov

lIR filtr s jednim pélem a jednou nulou
(pohyb nuly a pélu po reainé ose)



iir1_za.mov

Filtr se dvéma poly - rezonator



figure4a.mov

Filtr se dvéma poly
pasmova propust lIR
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Filtr se dvéma poly
pasmova propust lIR
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Filtr se dvéma poly

pasmova propust lIR
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Filtr se dvéma poly
pasmova propust lIR
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Filtr se dvéma poly
pasmova propust lIR
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Filtr se dvéma poly
pasmova propust lIR
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Filtr se dvéma poly
pasmova propust lIR
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Filtr se dvéma pély
(tlumené oscilace)

r=0,

r=0,925




Filtr se dvéma poly - rezonator
(netlumené oscilace)
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Filtr se dvéma poly - rezonator
(konstantni koeficient a,)
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Filtr se dvéma poly - rezonator
(konstantni koeficient a,)
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Pohyb pélu

(konstantni uhel; ruzny polomeér)



iir2_r.mov

Pohyb pélu po kruznici
(ruzny uhel; konstantni polomeér)



iir2_th.mov

Pohyb nul lIR filtru

(po realné ose)



iir2_z.mov

IIR s vice pély
(pohyb vybranych pélu po ose)



iir4_r.mov

IIR s vice pdly
(pohyb vybranych pélu po kruznici)



iir4_th.mov
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Amplitudove charakteristiky
rezonatoru
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7 Filtraéni syntéza vétru
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Filtracni syntéza vetru

clear,
fs = 8000; % vzorkovaci frekvence [Hz]
doba = 10; % doba trvani tonu [s]

x=2*rand(1,fs*doba)-1; % generovani bileho sumu
nT=0:1/fs:doba-1/fs; % casova osa

% souradnice ridicich bodu sily vetru
X=[0.15.3.4.5.65.7.75.8.85.9 .95 1];
Y=[0.2.1.3.05.31.8 1 .51.7.1];
Fmin=100; Fmax=900;
y=(Fmax-Fmin)*Y+Fmin;

% casovy prubeh interpolovane ridici frekvence
fr=interp1(X,y,nT/nT(end));



“ Filtracni syntéza vetru

% navrh rezonatoru

B =100; % sirka pasma rezonatoru
R = 1-B*pi/fs; % vypocet polomer polu
a =-2*R*cos(2*pi*fr/fs); % vypocet koeficientu

b0=(1-R)*sqgrt(R*(R-4*cos(2*pi*fr/fs)+2)+1); %

norm.koeficient

y=zeros(l,length(x));

for n=3:length(x)
Ci/(n)=bO(rl)*X(n)-a(n)*y(lﬂ-1)-(R-“2)*y(lﬂ-2);

en
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2 Filtracni synteza vin

% souradnice ridicich bodu

X =[0.2 .25 .35 1]; % casova osa

Y _A=[0 .8.15 .8 .1]; % amplituda

Y B=[0 320 400 600 4000]; % sirka pasma

Y f=[80 80 1000 1000 1000]; % rezonancni frekvence

% casovy prubeh interpolovane ridici amplitudy
G=interpl(X,Y_A,nT/nT(end));

% casovy prubeh interpolovane sirky pasma
B=interpl(X,Y_B,nT/nT(end));

% casovy prubeh interpolovane ridici rezonancni f
fr=interp1(X,Y_f,nT/nT(end));



2 Filtracni synteza vin

x=2*rand(1,fs*doba)-1,

for n=3:length(x)
R(n) =1-B(n)*pi/fs; % vypocet polomer polu
a(n) =-2*R(n)*cos(2*pi*fr(n)/fs); % vypocet koeficientu
bO(n)=(1-R(n))*sqrt(R(n)*(R(n)-4*cos(2*pi*fr(n)/fs)+2)+1);
% norm.koeficient
>(;(n)=G(n)*(bO(n)*X(n)-a(n)*y(n-1)-(R(n)-“2)*y(n-2));
en



Filtracni syntéza

Aplikace s sSumem rezonatory a obalkami
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FiltraCéni syntéza

fidici frekvence
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Filtracni syntéza

hodiny

Frequency

Fr=3500; B = 550:;
Fr=3000;: B = 750:;



housle
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Filtracni syntéza
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% filtr (model housli)
%%%%%%%%%%% %%

F =[500, 1500, 3000, 4000];
BW = [300, 200, 700, 1500];



Filtracni syntéza
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% navrh rezonatoru
fr = 900; % rezonancni frekvence
B =1200; % sirka pasma rezonatoru



Syntéza stroju
vlak

letadlo
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Potlacdeni Sumu v Feé¢i bankou filtru
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Potlacdeni Sumu v feéi bankou filtru
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Potlaceni Sumu v fe¢i bankou filtru
banka filtru
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Potlaédeni Sumu v feéi bankou filtru
zpracovani signalu v i-tém pasmu
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Potlacdeni Sumu v fe¢i bankou filtru
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Potlacdeni Sumu v fec¢i bankou filtru
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Potlacdeni Sumu v fe¢i bankou filtru

+/-

Detektor
it s adivoim 7] obalk
fec¢ s aditivnim obalKy

Sumem A T
1<int

Amplitudovy s C )
— .
omezovac X feC s potlaéenﬁn

R




Potlacdeni Sumu v feéi bankou filtru
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Potlacdeni Sumu v feéi bankou filtru |l
(generovani ruseni)

3553535353555 %%5%%% GENEROVANI SUMU 333%%%%%%3%3%53%3%%5%%

sig=input('l = sinusove ruseni; 2 = nahodny sum ... ')
if sig==2,
noise=k noise*randn(length(xc),1);
end;
if sig==1, % rusivy signal 800H z

noise=sqrt(2)*k_noise*sin(Z*pi*(Ozlength(xc)—1)*800/8000)';
end;
xXx=xc+noise;

'cinitel odstupu signalu k sumu'’
snr=10*1ogl0 (sum(xc.”2) /sum(noise.*2))



Potlacdeni Sumu v rec¢i bankou filtru IV
(banka filtru)

f s=8; % vzorkovaci frekvence [kHz]
P=8; % pocet propusti
f_r=£_s/(2*P)*(0:P—1); % vypocet rezonancnich frekvenci
R=0.7; % polomer polu

b=-2*R*cos (2*pi*f r/f s); % vypocet koeficientu rezonatoru
for i=1:P % normovani charakteristik

Ha(:,i)=(freqz(1,[1 b(i) R.%*2],128));

Ham(i)=max (abs(Ha(:,1))); % vypocet normovacich koef.
Han(:,i)=(freqz(1/Ham(i),[1 b(i) R.%*2],128));

end;

plot(abs (Han));, axis tight % zobrazenl amplmW&mehuencnlch ch.

title('Dilci normovane propusti')




Potlaceni Sumu v fec¢i bankou filtru
(banka filtru)

for k=1:P % zobrazeni impulsnich charakteristik
subplot(3,3,k), impz([1 O O0],[1 b(k) R.*2])
end;

% zobrazeni z-roviny
for k=1:P

subplot(3,3,k), zplane([1 0 0],[1 b(k) R.%*2])
end;
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Potlaceni Sumu v rec¢i bankou filtru
(stanoveni mezi v pasmech)

$%$%%%% FILTRACE A VYPOCET MEZE PRO OREZAVANI $%%%%%%
k noise= 0.1; k int = 0.8;
for i=1:P

noisef (:,i)=filter(1/Ham(i),[1 b(i) R.”2],noise(1:1000)) ;
% filtrace

noisefa(:,i)=abs(noisef(:,1i)); % usmerneni
nff(:,i)=filter(1l,[1 -k int], noisefa(:,i)); % obalka
mez (i) =mean (abs (nff(:,i))); $ vypocet mezi ve vsech pasmech
end;
stem (mez)
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Potladeni Sumu v feéi bankou filtru
(filtrace a rozklad do pasem)

$%%%%%%%%%%%% POTLACENI SUMU BANKOU FILTRU $%%%%%%%%%%%%
$%% FILTRACE A ROZKLAD DO PASEM - VYPOCET OBALEK %%%%%%%
for i=1:P
xf(:,i)=filter(1/Ham(i), [l b(i) R.”*2],x); % filtrace
xfs(:,1)=sign(xf(:,1)+0.00001) ; % znamenko
xfa(:,1)=abs(xf(:,1)); % usmerneni

xfaf (:,i)=filter(1,[1 -k _int],xfa(:,i)); % obalka

subplot(4,2,i), plot(xfaf(:,i)); axis tight

xfafe(:,1)=abs (xfaf(:,1)-mez(i)); % oriznuti

xXr(:,1)=xfafe(:,i) .*xfs(:,1);

subplot(4,2,i), plot(x£(500:1000,1))

subplot(4,2,i), plot(xr(500:1000,i)); axis tight
end;

xfs
xs=sum(xr') ; S| +/-
xf xfa kfa : Ixfaf Xr
)| | Detektor Amplitudovy >
feC s aditivnim obalky omezovac feC s potlaCenym
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Potlaceni Sumu v rec¢i bankou filtru
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Potlaceni Sumu v rec¢i bankou filtru
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Frequency

Potladeni Sumu v Ffec¢i bankou filtru

for i=1:3 soundsc(x) ;

subplot (211) ; specgram(x) ;
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pause (1), soundsc(xs) ;
subplot (212) ;

pause (1) ;end;
specgram (xs) ;
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