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Y%demonstrate rectangle window
N=51;

h=cnes(1,N);

subplot(3,1,1);

stem(h);

title(timpulse response');
w=0:pi/255:pi;
H=freqz(h,1,w);

ml=abs(H);

set(gcf, 'color’, ‘white');
subplot(3,1,2);
plot(w/pi,H,'k);grid;
ylabel('Magnetude');
AXIS([00.2-10 60 1);
title(Frequency response');
m1=20*logl O{abs(H)/abs(H(1)));
subplot(3,1,3);
plot(w/pi,m1,'k);grid;
title('Frequency response dB");
AXIS([00.5 -40 07);
ylabel('Magnetude dB');
xlabel{'Normalized w');
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%demonstrate Bartlett window
N=51;

bar=bartlett(N);
subplot(3,1,1);

stem(bar);

title(impulse response');
w=0:pi/255:pi;
h=freqz{bar,1,w),

ml=abs(h);

set(gcf, 'color', 'white');
subplot(3,1,2);

plot(w/pi,h, k);grid;
ylabel(Magnetude');
AXIS([00.2 -20 301]);
tifle(Frequency response’);
m1=20*logl0(abs(h)/abs(h({1)));
subplot(3,1,3);
plot(w/pi,ml1,'k");grid;
title('Frequency response dB');
AXTIS([00.5 -80 01]);
ylabel(Magnetude dB");
xlabel('Normalized w');

Hanning Window pla 30U (A, £.Y)

(A.23) W[n]=%|:l+ms[2;f_:l):|, -M<n<M

%demonstrate Hanning window
N=51;

han=hanning(N);
subplot(3,1,1);

stem(han);

title("impulse response');
w=0:pi/255:pi;
h=freqz(han,1,w),
ml=abs(h);

set{gcf, 'color’, ‘white");
subplot(3,1,2);
plot(w/pi,h,k);grid;
vlabel('Magnetude');
AXIS(0 0.2 -20 30 ]);
title{'Frequency response');
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m1=20%kog1 Nabs(b)absb{1)));
subplin(3,1,3);
plotiwdrl,m1, ¥);grid:

title{'Frequensy respotae
AXTS([00.5-80 0]);
vlabel(Magneinds 8
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Transition Min. stop band Relative side lobe Main lobe
band width attennation level width
1.8n/M 209 dB 13.3dB 4m/(2M+1) Rectangle
6.21/M 43.9dB 31.5dB 8n/(2M+1) Hanning
6.6 /M 54.5dB 42.7dB &n/(2M+1) Hamming
11/M 75.3dB 58.1dB 128/(2M+1) Blackman

:EiJl:JﬁwLi.pblL..FIRtﬂio.euJ_,cifH (A FjJ Jike
cws=0.3m wad ol JLg 0l 33,59 cwp=02m ;5 M Jg Ll 05,5

s guasly (Rp=025dB 4,1l Jle o3 Dl jlida (3 ripples cila gaclly
g s G I 0101 By b oSl AS=50dB B gl JUg (3 Dl

5 lnza V)l o 5B s 308 LagiSs )38y el 56U e IS
LB e phaseaaly pt M qarates Sy (504B oy ST) i o1 Sl




vaq oer D Zpad I et M @rana

£ M arenas JU el ) i3z ptaln 503G sl
MATLAB phisezady

%Design of FIR filter using Hamming window, Example 8-1a
wp=0.2*pi;

ws=0.3*pi;

1r_band=ws-wp;

M=ceil(6.6*pi/tr_band)+1; %required length of the resp. it is always
mfinity

we=(ws+wp)/2; Y%cuttoff frequency for the ideal filter
n=[0:1:(M-1)];

m=n-(M-1)/2+eps; %eps is the smallest value to avoid division by zero
hd=sin(wc*m)./{(pi*m);

subplot(2,2,1);

stem(m,hd,'k");

title('Ideal filter Imp. Response');

xlabel('n'); ylabel('hd[n]");

w_ham=(hamming(M))";

subplot(2,2,3);

stem{m,w_ham,'k’);

title('Imp. response of Hamming window");
xlabel('n'); ylabel{"w[n]);

h=hd.*w_ham;

subplot(2,2,2);

stem(m,h,'’k");

title('FIR filter actual imp. response’);

xlabel('n"); ylabel{'h[n]');

w=0:pi/255:pi;

h=freqz(h,1,w);

set(gcf, ‘color’, ‘white");
dB=20*log10{abs(h)/abs(h(1}));

subplot(2,2,4);

plot(w/pi,dB,k');grid;

title('Frequency response of FIR filter dB");

axis([0 1 -80 0]);

¢ ('ylabel(Magnetude dB

¢ ("xlabel('Normalized w

Rp=min{dB(1:1:wp*255/pi)) %Ripples in the pass band
As=max(dB(round(ws*255/pi}t1:1:255)) %Max attenuvation in the stop band
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%Design of FIR filter using Kaiser window, Example 8-1b
wp=0.2%*pi;As=50;

ws=0.3*pi;

tr_band=ws-wp;
M=ceil((As-7.95)/(14.36*tr_band/(2*pi))+1)}+1; %required length of the resp. it
is always infinity

we=(wstwp)/2; Ycuttoff frequency for the ideal filter
n=[0:1:(M-1)];

m=n~(M-1)/2+eps; %eps is the smallest value to avoid division by zero
hd=sin(wc*m)./(pi*m);

subplot(2,2,1);

stem(m,hd,'k");

title("Ideal filter Imp. Response');

xlabel('n’); ylabel{'hd[n]’);

beta=0.1102*(As-8.7);

w_kaiser=(kaiser(M,beta))";

subplot(2,2,3);

stem{m,w_kaiser,'k");

title{'Imp. response of Kaiser window');

xlabel('n"); ylabel('w[n]");

h=hd.*w_kaiser;

subplot(2,2,2);

stem(m,h,'k");

title('FIR filter actual imp. response’);
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xlabel('n'); ylabel(h[n]);

w=0:pif255:pi;

b=freqath,1,w);

set(ged, 'color’, ‘whiie’);

dB=20"log10{abs(h)/abs(h(1)));

slploi,24%

plot(w/pi,dB, k);grid;

title{ Frequency response of FIR filier AB);

axis{[0 1 -80 O )

ylabel(Magnetude dB’);

xlabel(Nommalized w";

Rp=min(dB{(1:1:wp*255/pi)) “Ripples in the pass band
Asmax(dB{round{wa*255/piH1:1:255)) “Max attermation in the stop band

larcianl 3 558 WIG g  J i ald Takea Gl e (AN 1) (035 IS0
A STt LS T oyl V1 BTy ol sty o) Tukall
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%Degign & BPF, FIR filier nsing Blackman window, Exsmple 8-2
wa =0 2% pi; wp1=0.35%pi; Aa=5D;
W20, 55%pi; wa2=0.8%pi;
tr_bemd=min{{wp1-wsl},(wi2-wp2));

M=ceil(l 1*pifir_bandy+1 *required length of the resp. it in ilways mimity
wol=(wal+wpl)2; “ouitniT Frequency for the ideal filier
w=(apd+wn2)2; w={0:1 (M- L); 3
m=n-{M- 1}/2+epa; %cps is e amallest value to svoid division by zero
hdl=ginfwe1*m)Api*m}); hd2=gin{woe?*m)/(pi*m);

hd=hd?2-hdl;

subplot(2,2,1); stem(m,bd, &);
hﬂu('l?denl filter Tmp. ResponsceTy; xlabel(n"); ylabel(hd([n]);
w_biackman—(blackman{M))";

mubplof(2,2,3); stcm{m,w_biackman,¥);
title(mp. respomse of Blackman window);
xiahel('n); ylahel(w[a]);
h=hd.*w_blackmsn;
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subplo#(2,2,2); stem(m.b, k)

tille(FIR filter acinal imp. response’); xlabel(n'); ylabel(h[n]");
w=0:pif255:pi;

bfreqz(h, 1, w);

set{get, ‘color’, ‘white”);

dB=20*1og10(abs(h)/abs{h(125)));

subplot(2,2,4); plot(w/pi,dB, k);grid;

tifle{"Frequency response of BFF FIR filter");

axis([0 1-100 0 ]); ylabel(Meagnetude dB'); xlabel(Normalized w');
Rp=min(dB{wp1*255/pi:1-wp2*255/pi)) %Ripples in the pass band
Av=max(dB(round(wa2*255/pi+1:1:255)) YeMuax attenuation in the stop band

|deal filter Imp Responss FIR filter actual imp response
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Design a BSF, FIR filter using Kaiser window, example 8-3/

¢ As=60; M=45

wcl=pif3; we2=2*pi/3; % first and second cuttoff freq. for ideal filter
¢ [(n=[0:1:(M-1

m=n-(M-1)/2+eps; %eps is the smallest value to avoid division by zero
hd1=sin(pi*m)./(pi*m); hd2=sin(wc1*m)./(pi*m);

¢ (hd3=sin(wc2*m)./(pi*m

¢ hd=hd1+hd2-hd3

¢ ('subplot(2,2,1); stem(m,hd, k

¢ ('[title('Ideal filter Imp. Response"); xlabel('n"); ylabel("hd[n

¢ '((beta=0.1102*(As-8.7)+0.3; w_kaiser—(kaiser(M,beta
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¢ ('subplot(2,2,3); stem(m,w_kaiser,k
£ ('[ﬁtle{']mp. reaponse of Kaiser window'); xlabel('n'); ylabel('wln
¢t h=hd.*w_kaiser
¢ ('subplot(2,2,2); stem(mn b,k
¢ ('Ifitle("FIR filter actusl fmp, response”);xlabel(n'); ylabel(h[n
s ('w=0:pif255:pi; hfreqa(h, 1, w)set(gef, ‘color’, ‘white
¢ (((dB=20*log10{aba(h)/aba(h(1
¢ subplot(2,2,4); plot(w/pi,dB,k");erid
 ('title{"Frequency respanse of BSF FIR. filter
¢ ('axis([0 1 -100 0 ]):ylabel(Magnetude dB'); xlabel{Normalized w

Ideal filter Imp. Response FIR filter actual imp. response
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%Design a LPF, FIR filter using freq. Sampling tech. example 8-4
wp=0.2*pi; ws=0.3*pi; Rp=0.25; As=50;

M=20; samples=0:M-1; wsamples=(2*pi/M)*samples;
hsamples=[1,1,1,zeros(1,15),1,1]; %samples of the ideal LPF from 0 to 2pi
wdl=[0,0.25,0.25,1]; hdr=[1,1,0,0];%to draw solid line

set(gcf, ‘color', 'white'); subplot(2,2,1);
plot(wsamples(1:11)/pi,hsamples(1:11),'ok’,wdl,hdr);grid;
axis([0,1,-0.1,1.1]), title('Freq. Samples of ideal filter : M=20");
xlabel(Freq. in pi units); ylabel(Magnitude');

k1=0:floor((M-1)/2); k2=floor((M-1)/2+1):M-1;%index to calculate the
phase

angleH=[-2*pi*((M-1)/2)/M*k1,2*pi*((M-1)/2)M*(M-k2)];
H=hsamples.*exp(j*angleH);%This represent DFT of the imp. response
hi=real(iffti(H,M));

subplot(2,2,2);stem(samples,hi, k");axis([-1,M,-0.1,0.3]);

title('[mpulse response of desired filter');

xlabel('n");ylabel('h[n]);

w=0:pi/255:pi; h=freqz(hi,1,w);subplot(2,2,3);



Yy oer D Zoad I et M @ranad
plot(w/pi,abs(h),k’,wsamples(1:11)/pi,hsamples(1:11),'0k");grid;
title('Magnitude of freq. respons”);
axis([0,1,-0.2,1.2]);xlabel('Freq. in pi units );ylabel('H(w)");
dB=20*log10(abs(h)/abs(h{1)));
subplot(2,2,4); plot(w/pi,dB,'k");grid;axis([0,1,-60,0]);
title('Frequency response dB'); xlabel(‘frequency in pi units'");
ylabel('dB");
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%Design a LPF, FIR filter using freq. Sampling tech. adding transition band
example 8-5

wp=0.2%pi; ws=0.3*pi; Rp=0.25; As=50;

M=40; samples=0:M-1; wsamples=2*pi/M)*samples;
hsamples=[ones(1,5),0.5,zeros(1,29),0.5,0nes(1,4)]; %samples of the ideal
LPF from 0 to 2pi

wdl=[0,0.25,0.25,1]; hdr=[1,1,0,0];%to draw solid line

set(gcf, 'color’, 'white'); subplot(2,2,1);
plot(wsamples(1:21)/pi,hsamples(1:21),'ok',wdl hdr);grid;
axis([0,1,-0.1,1.17);

title(Freq. Samples of ideal filter M=40, T=0.5");

xlabel(Freq. in pi units"); ylabel(Magnitude');

k1=0:floor((M-1)/2); k2=floor{(M-1)/2+1):M-1;

%index to calculate the phase
angleH=[-2*pi*((M-1)/2)/M*k1,2*pi*((M-1)/2)/M*(M-k2)];
H=hsamples.*exp(j*angleH);%This represent DFT of the imp. response
hi=real(iffti(H,M));

subplot(2,2,2);stem(samples,hi, k');axis{[-1,M,-0.1,0.3]);

title('Impulse response of desired filter');xlabel('n");ylabel("h[n]");
w=0:pi/255:pi; h=(reqz(hi,1,w);subplot(2,2,3);
plot(w/pi,abs(h),'k',wsamples(1:21)/pihsamples(1:21),'0k");grid;
title('Magnitude of freq. respons’);

axis([0,1,-0.2,1.2]);x1abel('Freq. in pi units");ylabel('H(w)");
dB=20*log10(abs(h)/abs(h(1))};subplot(2,2,4); plot(w/pi,dB,'k");grid;
axis([0,1,-60,0]);title(Frequency response dB");

xlabel('frequency in pi units'); ylabel('dB");
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M=60); samples—0:M-1; weamples—(2*pi/M)*samples;
hsamples=[ones(1,7),0.5925,0.1099,zeroa(1,43),0.1099,0.5925,0nes(1,6)];
%samples of the ideal LPF from 0 to 2pi
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%example 8-8 variations of the firl( Yunction
b3 = firl1(48,[0.35 0.65].rectwin{49)),
b4 = fir1(48,[0.35 0.65).kaiser(49,4.55));w=0:pi/512:pi,
hl=freqz(bl,1,w);h2=freqz(b2,1,w);h3=freqz(b3,1,w);hd=freqz(b4
1w}
dB1=20*log10(abs(h1)/abs(h1(255)));
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set{pef, 'color’, ‘white");

subplot(2,2,1); plot(w/pi,dB1,%k);grid;exis([0,1,-100,0]);
title{Using Hamming window"); xlabel{' frequency in pi units’);
ylabel(dB);

dB2=20%l0210(abs(h2)/aba(h2(255))):

subplot(2,2,2); plot(w/pi,dB2,k igrid;axis([0,1,-100,0]);
title{"Using Bartlsit window"); xlabel{"requancy in pi wmnits");
ylabel('d5Y;

dB3=20%10g10(abs(h3 Vabs(h3(255)):
subplot(2,2,3); plos(w/pi,dB3, K igrid;axis([0,L-1000]);
title('Using Rectangular window"); xlabel('fiequency in pi unite?);
yiabel('dBY;

dB4=20*log16{aba{hd)Vaba(hd(255)));

subplot(2,2.4); plot(w/pi,dB4, k);grid,axi=(]0, 1,-100,0]);
utlo{'(.ls;;% Kaiser window"); xlahel("frequency in pi units);

Using Hamming window Using Bartlett window
a i /
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Yexample 8-9

n=30; samples=0x-1; f=(1/(n-1))*samples;
m=[cnes(1,7),0.5925,0,1099,zer0m(1,21)]; %zamples of the ideal LPF
from 0 to i

ast(gef, ‘color, white); we=0kpifS12:pd;

beiir2{n, fm); Tr=freqa(b,1,w);

dB1=20"log] ({ahn(h)/abe(h(1))); )

subylon(2,2,1); plot{wipi,dB L, K Yigridi exia([0,1,-100,00);
hﬂﬂﬂqu;w! regpanse’); xlabel("hequansy in pi unity’);

¥label(dB

Frequency response
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Yocxample 8-10
1=30; samples=0m-1; ={1/0- 1)y semplos;

mones(1,7),0.5925,0.1099,zer0s(1,21)]; Ysssmiples of the ideal LFF

from O 1o pi

set(gef, ‘color, "white');

w={ipifS12:pi; b=fir2(n,fim);

=C:1:100; x1=cos({0.1*pi*n); x2=coe{0.35*pi*n); y=filten(b,1,x1);

gubplai(3,1,1); plot(a,xl, X"y, k);axia([0,100,-2,2]);td;

yiabel( Amplitude’); title('Solid line=Tnpatt , Ipi, Dotted line=Cwiput’);

y=filter(h, 1.x2); aubplot(3,1,2);

plot(nx2, 0.y, uxiaf[0,100,2.2])5grid; y=Hltee(h, Lxl-+x2);
yiabel( Amplitnde;

title('Solid linc=Tnput 0.35pi, Detied line=Ontmt’); subploi(3,1,3);
plot(nx1+22,% 0y, K)axia(]0,100,-2,2]);gtid; ylabel( Amplitade’y
xlabel(Tims indax");

title('Solid line=Tmput 0_1pi+0.35pi, Dotied ine=Cutput’);
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