7. FIR Filter Design
MEES &R

Magnitude Response & Amplitude Response
B+ h[n]=[111] n=[012];
* Plot DTFT:
Matlabl: n=[0 1 2]; h=[1 1 1]; [ X]=plot_dtft(h,n);

Magnitude Part

* Magnitude Response & Amplitude Response
w = 0:0.001:pi;

magh1=1+2* cos(w);

H1=abs(maghl);

w1=[0:0.001:2* pi/3]; w2=[2*pi/3:0.001:pi];
phaha=-w1; phahb=pi-w2;

we=[wlw2];

w3=[-pi:0.001:pi];

pha=[phaha,phahb];
subplot(2,2,1),plot(w/pi,H1);grid;axis([0,1,-1,4]);
xlabel (‘frequncy in pi units); ylabel ('|H[)
title('Magnitude Response')
subplot(2,2,2),plot(w/pi,maghl);grid;axis([0,1,-1,4]);
xlabel (‘frequency in pi units); ylabel (‘Hr");
title('Amplitude Response’)
subplot(2,2,3),plot(wc/pi,pha);grid; axis([0,1,-3.5,1]);
xlabel (‘frequency in pi units); ylabel(‘angle);
title('Piecewise Linear Phase Response')
subplot(2,2,4),plot(w/pi,-w);grid;axis([0,1,-3.5,1]);
xlabel (‘frequency in pi units); ylabel(‘angle");
title('Linear Phase Response)
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* FHEPY# LPFIR Filter Amplitude Response
function [Hr,w,a,L] = Hr_Typel24(h)
% Compute Amplitude response Hr(w) of aType-1to Type-4 LPFIR filter
M = length(h); w =[0:1:500]"* pi/500;
if ((mod(M,2)==1)& (h(1)==h(M)))

L =(M-1)/2;
a=[h(L+1) 2*h(L:-1:1)]; % 1x(L+1) row vector
n=[0:1:L]; % (L+1)x1 column vector

Hr = cos(w*n)* &,
elsaif ((mod(M,2)==0)& (h(1)==h(M)))
L=M/2;
a=2*[h(L:-1:1)];
n=[1:1:L]; n=n-0.5;
Hr = cos(w*n)* &,
elsaf ((mod(M,2)==1)& (h(1)== (-h(M))))
L =(M-1)/2;
a=[2*h(L+1:-1:1)];
n=[0:1:L];
Hr = sin(w*n)*a;
elseif ((mod(M,2)==0)& (h(1)== (-h(M))))
L=M/2;
a=2*[h(L:-1:1)];
n=[1:1:L]; n=n-0.5;
Hr = sin(w*n)*a;
end
& h[n=[-4,1,-1,-2,5,6,-6,-5,2,1,-1,4]; n=0:1:11;
* Plot DTFT:
Matlabl: n=0:1:11; h=[-4,1,-1,-2,5,6,-6,-5,2,1,-1,4]; [X]=plot_dtft(h,n);

Magnitude Part
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Matlab: h=[-4,1,-1,-2,5,6,-6,-5,2,1,-1,4];
M = length(h); n=0:M-1;
[Hr,w,d,L] = Hr_Typel24(h);
d,L
dmax=max(d)+1; dmin=min(d)-1;
k=0:20;
xa=0.*k; xb=0.*n;
subplot(2,2,1); stem(n,h); axis([-1 2*L+1 dmin dmax])
xlabel('n’); ylabel ('h(n)"); title('Impul se Response’)
hold on
plot(k,xa'k");
hold off
subplot(2,2,3); stem(1:L,d); axis([-1 2*L+1 dmin dmax])
xlabel('n"); ylabel(‘'d(n)"); title('d(n) coefficients)
hold on
plot(n,xb,'k");
hold off
subplot(2,2,2); plot(w/pi,Hr); grid;
xlabel (‘frequency in pi units); ylabel ("Hr");
title('Type-4 Amplitude Response’)
subplot(2,2,4); zplane(h,1)
set(gca,'X TickMode','manual’,"X Tick',[0,0.5,1]);
set(gca,'Y TickMode','manual’,"Y Tick',[-20:10:30]);
title('Pole-Zero Plot);
gtext('z-plane);

Impulse Response Type-4 Amplitude Response
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FIR Filter Design Example
e
function hd = ideal_Ip(we,M); % Tr'EhETH R AR (SRR a8 v IR B s (fl‘{‘ﬁ\ﬁ@@

% ldeal LowPass filter computation

apha=(M-1)/2;

n=[0:1:(M-1)];

m=n-al pha+eps, % add smallest number to avoid divide by zero
hd=sin(wc*m) ./ (pi* m);

function [db,mag,pha,grd,w] = freqz_m(b,a);

% Modified version of fregz subroutine

0/ o m e e

% [db,mag,pha,grd,w] = freqz_m(b,a)

% db = Relative magnitude in dB computed over 0 to pi radians

% mag = absol ute magnitude computed over O to pi radians

% pha = Phase response in radinas over 0 to pi radians

% grd = Group delay over 0 to pi radians

%  w =501 frequnecy samples between 0 to pi radians

% b =numerator polynomial of H(z) (for FIR: b=h)

%  a=denominator polynomial of H(z) (for FIR: a=[1])

[H,w] = fregz(b,a,1000,'whole); % 0~2*pi >3 1001 %Jr Byt O-pi 5J 501 &[!r
H = (H(1:1:501))"; w = (w(1:1:501))";

mag = abs(H);

db = 20*1og10((mag+eps)/max(mag)); % 3V Magnitude Responsein dB
pha = angle(H);

grd = grpdelay(b,aw); % FtEI Group Delay Response

7 : r%‘?f— N %J%ﬁ;l/ FIRLPFilter
wp=0.27 Rp=0.25dB ws=0.37 As=50dB
Matlab: wp = 0.2*pi; ws = 0.3*pi;
tr_width = ws - wp;
M = ceil (6.6* pi/tr_width) + 1
n=[0:1:M-1];
wc = (wstwp)/2; % ldeal LPF cutoff frequency
hd = ideal_Ip(wc,M);

w_ham = (hamming(M))’; % =# Hamming Window
h=hd .* w_ham;

[db,mag,pha,grd,w] = freqz_m(h, [1])

delta w = 2*pi/1000; % w VR JPF‘E =¥ freqgz_m.m
Rp = -(min(db(1:1:wp/delta w+1))) '% ual Passband Ripple

As = -round(max(db(ws/delta w+1:1:501))) % Min Stopband attenuation
% Plots

subplot(1,1,1)

subplot(2,2,1); stem(n,hd); title('ldeal Impulse Response')
axis(J0 M-1-0.1 0.3]); xlabel('n’); ylabel (‘hd(n)")
xa=0.*n;

hold on

plot(n,xa,'k');

hold off

subplot(2,2,2); stem(n,w_ham); title("Hamming Window')
axis([0 M-1 0 1.1]); xlabel('n"); ylabel (‘w(n)’)

subplot(2,2,3); stem(n,h); title("Actua Impulse Response’) M = 67
axis([0 M-1-0.1 0.3]); xlabel('n’); ylabel (‘h(n)’) -

hloltaéon " Rp = 0.039%4
plot(n,xa'k’); _

hold off As=152
subplot(2,2,4); plot(w/pi,db); title("'Magnitude Response in dB');grid

axis([0 1 -100 10)); xlabel(‘frequency in pi units); ylabel ('Decibles)
set(gca,' X TickMode','manual’,' X Tick',[0,0.2,0.3,1]);



set(gca,'Y TickMode','manual’,"Y Tick',[-50,0]);
set(gca,"Y TickLabelMode','manual’,' Y Tick L abel',['50';' 07)
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Matlab: n=0:1:66; [ X]=plot_dtft(hd,n); [X]=plot_dtft(w_ham,n);
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I i firlm ]%'?{‘ FIR Filter
K ]%',%— S %J?rﬁ;l/ FIR LPFilter
wp=0.27 Rp=0.25dB ws=0.37 As=50dB
Matlab: M = 67; wp=0.2; ws=0.3; n=[0:1:M-1];
w=(wp+ws)/2;
w_kind = (hamming(M))";
b=firi(M-1,w,w_kind); % w_kind %’liﬁﬁ‘ ’ EJ[EE]%‘E'}, Hamming Window
[db,mag,pha,grd,w] = freqz_m(b,[1]);
delta w = 2*pi/1000; % w ?VEIUF.'EFJJ}?? ’ %T’is:% freqgz_m.m
Rp =-(min(db(1:1:wp/delta w+1))) % Actual Passband Ripple
As = -round(max(db(ws/delta w+1:1:501))) % Min Stopband attenuation
% Plots
xa=0.*n;
subplot(2,1,1); stem(n,b); title("Actual Impulse Response’)
axis([0 M-1-0.1 0.3]); xlabel('n’); ylabel('h(n)")
hold on
plot(n,xa,'k");
hold off
subplot(2,1,2); plot(w/pi,db); title('Magnitude Response in dB');grid
axis([0 1 -100 10]); xlabel(‘frequency in pi units); ylabel (‘Decibles))
set(gca,' X TickMode','manual’,'X Tick’,[0,0.2,0.3,1]);
set(gca,"Y TickMode','manual’,"Y Tick',[-50,0]):
set(gca,'Y TickLabelMode,'manual’,' Y TickL abel' ,['50';' 07)
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[

B = FIR1(N,Wn, high") designs a highpass filter.

B = FIR1(N,Wn,'stop') is abandstop filter if Wn =[W1W2].
TR HIRT 5D (S

EEE | wp=0.2; ws=0.3; [I'{lIfi"Y wp=0.2*pi; ws=0.3*pi; [E} |



