Scilab-Files for ,signal.pdf*

//[FLTS1.SCE

xinit('flts1.ps')

exec('Sflts1.sce')

xend();
/ISFLTS1.SCE

[h,hm,fr] = wfir(lp',33,[.2 0],'hm',[0 0]);
t=1:200;

x1 = sin(2*%pi*t/20);

X2 = sin(2*%pi*t/3);

X = X1+x2;

plot(x);

I/FLTS2.SCE

xinit(‘flts2.ps")

exec('Sflts2.sce')

xend()
/[SFLTS2.SCE

[h,hm,fr] = wfir('Ip',33,[.2 0],'hm",[0 O]);
t =1:200;

x1 = sin(2*%pi*t/20);

X2 = sin(2*%pi*t/3);

X = X1+x2;

z = poly(0,'2');

hz = syslin('d",poly(h,'Z','c')./z**33);
yhz = flts(x,hz);

plot(yhz);

//PLOT1.SCE

[lustrate plot of FIR filter impulse response 'plot.1.sce
xinit('plot1.ps’)
exec('Splot1.sce')
xend();

//ISPLOT1.SCE

[h,hm,fr] = wfir('bp',55,[.2 .25],'hm',[0 0]);
plot(h)

I/PLOT2.SCE

xinit('plot2.ps’)

exec('Splot2.sce')

xend(),
/ISPLOT2.SCE

hs = analpf(4,'cheb1',[.1 0],5)
fr=0:.1:15;

hf = freq(hs(2),hs(3),%i*fr);
hm = abs(hf);

plot(fr,hm),

//PLOT3.SCE
xinit('plot3.ps’)
exec('Splot3.sce')
xend(),

//ISPLOT3.SCE

hn = eqfir(33,[0 .2;.25 .35:.4 .5],[0 1 OL,[1 1 1]);
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Figure 1.2: exee (" £ltel. code’ ) Sum of Two Sinusoids

Figure 1.3: exec (* £1lts2.code’ ) Filtered Signal

Figwe 1.4: exec (' plotl.cede’) Plotof Filter Tinpulse Response

ljgure 1.53: 2xec('plotz, cade’) Plotof Conutiuous lilter Mignitude Response

Figwre 1.6 =x2c(‘plot3 code ) Plot of Discrere Filter Maanitude Response




[hm,fr] = frmag(hn,256);

plot(fr,hm),

//PLOT4.SCE —
xinit('plot4.ps"); -
exec('Splot4.sce’) o /
xend(), ]

//ISPLOT4.SCE = \
hz =iir(4,'lp",'butt',[.25 0],[0 0]) e
plzr(hz) . .‘ IR A - Y AR S A R 2

//BODE1.SCE
xinit('bode1.ps')
s = poly(0,'s");
a=10;
h = real(s-a); ]
ax =0:.01:2; I
ax = exp(log(10)*ax); |
hm = 20*log(abs(freq(1,h,%i*ax)))/log(10);
plot2d1("gIn",ax',hm',[-2],"011"," ',[1,-40,100,-10],[10,2,10,2]);
x = -20*log(a)/log(10);

Figure 1.7: exec (' plotd . code’ ) Plotof Poles and Zeros of IR Filter

plot2d1("gin",[1 a]',[x x]',[-3],"000");

Figure 2.1: axec (' bodel .code" ) T.og-Magnitude Plot of H(s] = 1/{s —a)

plot2d1("gin",[a 1007',[x -40]',[-1],"000");

plot2d1("gin",[a a]',[-20 -23]',[-1],"000");
xtitle(' ','Log scale',' ")
xend()

//BODE2.SCE
exec('bode1.sce');

xinit('bode2.ps')

h = a;

g=s;

ax =-1:..1:3;

ax = exp(log(10)*ax);
hm = freq(h,1,ax);
gm = freq(g,1,ax);
gh = gm./hm;

Figure 2.2: 2xec (*bode2.code’ ) Phase Plot of H(s) = 1/(s —aq)

pm = -atan(real(gh));
plot2d1("gIn",ax’,360*pm'/(2*%pi),[-2],"011"," ',[1,-90,10"3,0]);
plot2d1("gin",[.1 1000]',[-45 -457',[-3],"000");
plot2d1("gin",[10 107',[0 -1807',[-3],"000");

xend()

//BODE3.SCE
Xinit('bodeS.ps'); Figure 2.3: exzc (*edes . esds’ ) Log-Magaitude Blot of 20{%) = (+% - 20z (a® | 65} *
s = poly(0,'s");
a=10;

b = 25;

h = real((s-(a-%i*b))*(s-(a+%i*b)));

ax =0:.01:2;

ax = exp(log(10)*ax);

hm = 20*log(abs(freq(1,h,%i*ax)))/log(10);
plot2d1("gin",ax’,hm',[-2],"011"," ',[1,-80,100,-50],[5,2,5,2]);
x = -20%log(a**2+b**2)/log(10);

y = sqrt(b**2-a**2);

z = sqrt(b**2+a**2);

plot2d1("gin",[1 z]',[x x]',[-1],"000");

Tigure 24: exec (*boded.code’ | Phase Plotof H(s) = (% —Zas 4+ (o* + b)) !



plot2d1("gIn",[z 1007, [x -80]',[-1],"000");

plot2d1("gin",[y y]',[x -20*log(2*a*b)/log(10)]',[-11,"000");
a=25;

b =10;

h = real((s-(a-%i*b))*(s-(a+%i*b)));

hm = 20*log(abs(freq(1,h,%i*ax)))/log(10);
plot2d1("gIn",ax',hm’,[-2],"000");

xend()

//BODE4.SCE
exec('bode3.sce')
xinit('bode4.ps');

h = 725-s™s;

g = -20%s;

ax = 0:.1:3;

ax = exp(log(10)*ax);

hm = freq(h,1,ax);

gm = freq(g,1,ax);

gh = gm./hm;

pm = -(log(ones(gh)-%i*gh)-log(ones(gh)+%i*gh))/(2*%i);
ofst = %pi*(-ones(hm)+hm./abs(hm))/2;

pm = real(pm+ofst);

plot2d1("gin",[1 1 10007',[0 -180 -1807]',[-3],"000");

plot2d1("gn",ax',360*pm'/(2*%pi),[-2],"011"," ",[1,-180,1000,0],[5,4,5,4]);

plot2d1("gin",[1 1000]',[-45 -45]',[-1],"000");
plot2d1("gin",[1 1000]',[-90 -90]',[-1],"000");
plot2d1("gin",[1 1000]',[-135 -135]',[-1],"000");
plot2d1("gIn",[26.9 26.9]',[0 -180]',[-1],"000");
xend()

//BODES5.SCE
xinit('bode5.ps')
exec('Sbode5.sce")
xend();

//ISBODES.SCE

a=-2"%pi;b = 1;c = 18*%pi;d = 1;
sl = syslin('c',a,b,c,d);
bode(sl,.1,100);

//BODE6.SCE
xinit('bode6.ps')
exec('Sbode6.sce')
xend();

//ISBODEG6.SCE

s = poly(0,'s");

h1 = 1/real((s+2*%pi*(15+100*%i))*(s+2*%pi*(15-100*%i)))
h1 = syslin('c',h1);

bode(h1,10,1000,.01);

//BODE7.SCE
xinit('bode7.ps');
exec('Sbode7.sce')
xend(),

//[SBODE7.SCE

a =-2"%pi;b = 1;c = 18*%pi;d = 1;

sl = syslin('c',a,b,c,d);

s = poly(0,'s");

h1 = 1/real((s+2*%pi*(15+100*%i))*(s+2*%pi*(15-100*%i)));
h1 = syslin('c',h1);

h2 = ss2tf(sl)

bode(h1*h2,.1,1000,.01);

Figure 2.5. sxec [ bodss . code’ ) Bude Plot ol State Space Sysiem Represertulicn

Ligure 2.6: exec ( ‘bodes . code’ ) Bode Plolof Rahonal Polvnomnl Svstem Representstion

Figure 2.7: exec (‘bode7.code” ) Bode Plot Combmed Systems

Figurs 2.8, exec (' groupl 5 .code’ ) Modulated Exponential Signal

Fieure 2.9, exec ("groupl5.code’ ) Constant Phase Band Pass Filter



//IGROUP1_5.SCE

xinit('group1.ps');

wc = 1/4;

X = sin(2*%pi*(0:54)*wc);
y = exp(-abs(-27:27)/5);
f=x"y;

plot([1 1 55],[1 -1 -1]),

nn = prod(size(f))
plot2d((1:nn)",f",[-2],"000"),
nn = prod(size(y))
plot2d((1:nn)",y",[-3],"000"),
plot2d((1:nn)',-y',[-3],"000"),
xend(),

xinit('group2.ps');

[h w] = wfir('bp',55,[maxi([wc-.15,0]),mini([wc+.15,.5])],'kr",60.);

hf = fft(h,-1);

hm = abs(hf);

hp = %pi*ones(1:28);
hp(29:55) = -hp(28:-1:2);

hr = hm.*cos(hp);

hi = hm.*sin(hp);

hn = hr+%i*hi;

plot([1 1 55],[4 -4 -4]),
plot2d([1 55],[0 07',[-1],"000"),
nn = prod(size(hp))
plot2d((1:nn)',hp',[-2],"000"),
nn = prod(size(hm))
plot2d((1:nn)',2.5*hm’,[-1],"000"),
xend(),

xinit('group3.ps');

ff = fft(f,-1);

gf = hn *ff;

g = fft(gf,1);

plot([1 1 55],[1 -1 -1]),

nn = prod(size(g))
plot2d((1:nn)',real(g)',[-2],"000"),
nn = prod(size(f))
plot2d((1:nn)",f",[-1],"000"),
xend(),

xinit('group4.ps');

tg =-1;

hp = tg*(0:27)-tg*12.*ones(1:28)/abs(tg);
hp(29:55) = -hp(28:-1:2);

hr = hm.*cos(hp);

hi = hm.*sin(hp);

hn = hr+%i*hi;

plot([1 1 55],[15 -15 -15]),
plot2d([1 557,[0 O]',[-1],"000"),
nn = prod(size(hp))
plot2d((1:nn)',hp',[-2],"000"),

nn = prod(size(hm))
plot2d((1:nn)',10*hm’,[-1],"000"),
xend(),

xinit('group5.ps');

ff = fft(f,-1);
gf = hn.*ff;
g = fft(gf,1);
plot([1 1 55],[1 -1 -1]),

Figure 2 1 exec ("groupl s .code’ ) Camer Phase Shift by £, = /2

Figwe 2.11: exec (' groupl.S.cede’) Linear Phase Band Pass Filter

Figure 2.12: sxec (! groupl s .code’ ) Envelope Phuse Shillby £, = - [

Figure 2.13; exec {'groupé-2.code') Group Delay of Lincar-Phuse Filter

Figure 2.14: exec { “groups8.code ) Group Dulay of Filler {Ratunal Polynonal)



nn = prod(size(g))
plot2d((1:nn)',real(g)',[-2],"000"),
nn = prod(size(f))
plot2d((1:nn)'f,[-1],"000"),
xend(),

/IGROUP6_8.SCE 1/ o

xinit('group6.ps');

[h w] = wfir(lp',7,[.2,0],'hm’,[0.01,-1]);
[tg,fr] = grOUp(1 OO,h), Figure 2.15. exec (" qroupt_& . cods’ ) Group Delay of Filler (Cascude Realizaton)
plot2d(fr'tg',1,'011"" ".[0,2,0.5,4.])
xend()

xinit('group7.ps');

z = poly(0,'7);

h = z/(z-.5);

[tg,fr] = group(100,h);
plot(fr,tg)

xend()

xinit('group8.ps');
=[115-11,2-25-1.70;3 3.5 2 5];

E = hl, (h ) Fraure 2.16. exec (' samplel.code’ ) Frequency Response X ((2)
= casc(h,'z');

[tg,fr] = group(100,h);

plot(fr,tg)

xend()

//SAMPLE1.SCE
xinit('sample1.ps')

rect = [-5,-2,5,5]
p|0t2d([-05 0 05]',[48 5 4.8]',[-1 ]’1101 1 Il’l ‘,reCt), Figure 2,17, axtec { ' sample? _code’ ) Frequeney Respomsc ifw) With No Alissing
plot2d([-5 57',[0 O7',[-1],"000"),
plot2d([0 0]',[-2 57',[-1],"000"),
plot2d([4.8 5 4.8]',[.05 0 -.05]',[-1],"000"),

plot2d([-1 0 1],[0 2 0O]',[-1],"000Q") E
xstring(1,0,'Wc'),
xstring(-1,0,"-Wc'"),
xstring(0,4.5,"X(W)")
xstring(4.5,0,'W")
xstring(0,2,"X(0)",
Xend() Figure 2.18: ex=zc (' samplel .code’ | Frequency Kesponse 7 () With Aliasing

/ISAMPLE2.SCE
xinit('sample2.ps')

rect = [-5,-2,5,5] “11 PN ERN ARG ‘ 1 ‘0 /
plot2d([-.05 0 .05]',[4.8 5 4.8]',[-1],"011"," ' rect), Al ‘(\ IR H‘ j H H J\ ‘H “ il I il
plot2d([-5 5][0 OT',[-1],"000"), “"‘\‘\‘\"JH\‘H\J‘HH‘H\”HH MR
plot2d([0 0]',[-2 5]',[-1],"000"), S (R MR
plot2d([4.8 5 4.8]',[.05 0 -.05]',[-1],"000"), AL AS AR ART ALY {;

RERRARY

plot2d([-1 0 17,[0 2 O] [-1],"000")

plot2d([-3.5 -2.5 -1.5]',[0 2 0]',-1],"000")

plot2d([1.5 2.5 3.5]',[0 2 0]',[-1],"000")
(
(-
(

plot2d 1951, 25] [ 1 1] [ 1] ..000..) Figute 2,19 exsc {’ sanpled.cods’ ) Cosine Signal
plot2d([-1.25 -1.25]',[-.1 .1]',[-1],"000")

plot2d([2.5 2.5]',[-.1 .17',[-1],"000")

plot2d([-2.5 -2.5]',[-.1 .11',[-1],"000")

xstring(1,-.5,"pi/T"),

xstring(0,4.5,'X(W)")



xstring(4.5,0,'W")
xstring(0,2,'X(0)/T")
xend(),

//ISAMPLE3.SCE
xinit('sample3.ps')
rect = [-5,-2,5,5]

plot2d([-.05 0 .05]',[4.8 5 4.8]',[-1],"011"," ",rect),

plot2d([-5 5]',[0 O]',[-1],"000"),
plot2d([0 07',[-2 5,[-1],"000"),
plot2d([4.8 5 4.8]',[.05 0 -.05],[-1],"000"),

plot2d
plot2d
plot2d
plot2d

.5]',[1 2 17',[-11,"000"),

([-
([-
([
([-1-.5]'[0 1]',[-2],"000"),
plot2d([-1 -.5]',[1 0]',[-2],"000"),
plot2d([.5 17',[0 1]',[-2],"00Q"),
plot2d([.5 17',[1 0]',[-2],"00Q"),
plot2d([-2.5 -27',[0 171',[-2],"000"),
plot2d([-2.5 -2]',[1 07]',[-2],"00Q"),
plot2d([2 2.5]',[0 1]',[-2],"000"),
plot2d([2 2.5]',[1 0O]',[-2],"000"),
plot2d([.75 .75]',[-.1 .1]',[-2],"000"),
plot2d([-.75 -.75]',[-.1 .1]',[-2],"000Q"),
xstring(0.5,-.5,'pi/T"),
xstring(0,4.5,'X(W)")
xstring(4.5,0,'W")
xstring(0,2,"X(0)/T")

xend(),

IISAMPLE4.SCE
xinit('sample4.ps')
X = c0s(2*%pi*(0:4999)/200);
y = 0*ones(x);
y = x(1:105:5000);
yn = cos(2*%pi*(0:47)/40);
plot([0 0 5000],[1.5 -1.5 -1.5]),
n = prod(size(x))
plot2d((1:n)',x',[-1],"000"),
xend(),

/ISAMPLE4_5.SCE
X = c0s(2*%pi*(0:4999)/200);
y = 0*ones(x);
y = x(1:105:5000);
yn = cos(2*%pi*(0:47)/40);
plot([0 0 5000],[1.5 -1.5 -1.5]),
n = prod(size(x))
plot2d((1:n)',x',[-1],"000"),
xend(),
plot([0 0 48],[1.5 -1.5 -1.5]);
n = prod(size(y))
plot2d((1:n)"y',[-1],"000"),
n = prod(size(yn))
plot2d((1:n)',yn',[-2],"000"),
plot2d((1:n)',-yn',[-2],"000"),
xend(),

//ISAMPLE5.SCE
exec('sample4.sce')
xinit('sample5.ps')
plot([0 0 48],[1.5 -1.5 -1.5]);
n = prod(size(y))
plot2d((1:n)"y',[-1],"000"),

n = prod(size(yn))

50
2.5-2-1.5-1-5][11211],[-1],"000"),
511.522.5]'[11211],[-1],"000"),

1
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Figure 2.20: exec (' samples.code’ ) Aliased Cosine Signal

bigure 2211 exac (' intdecl 4.code' | Fourter Iransform of a Coatmmons Lime Signal

Ficure 2 23 exec (‘intdecl 4 . code’) Fourier Transtorm of w{n?")

Figure 2.24: exec (' intdecl.4.code’) Fourier Transform of »(nd")



plot2d((1:n)',yn',[-2],"000"),
plot2d((1:n)',-yn',[-2],"000"),
xend(),

//INTDEC1_4.SCE
xinit('intdec1.ps');
axis = (-60:60);
f(1:5) = (0:4)/5;
f(6:16) = ones(1:11);
f(17:20) = (4:-1:1)/5;
x(1:121) = 0*ones(1:121);
x(51:70) = f(1:20);
fs(1:15) = (0:14)/15;
fs(16:46) = ones(1:31);
fs(47:60) = (14:-1:1)/15;
xs(1:30) = fs(31:60);
xs(31:90) = fs(1:60);
xs(91:121) = fs(1:31);
v(1:10) = f(11:20);
v(11:30) = f(1:20);
v(31:50) = f(1:20);
v(51:70) = f(1:20);
v(71:90) = f(1:20);
v(91:110) = (1:20);
v(111:121) = f(1:11);
v =V*3;
xh = 0*ones(1:121);
xh(1:10) = f(11:20);
xh(51:70) = f(1:20);
xh(111:121) = f(1:11);
plot(axis,x)
xend()
xinit('intdec2.ps');
plot(2*%pi*axis/60,xs)
xend()
xinit('intdec3.ps');
plot(6*%pi*axis/60,v)
xend()
xinit('intdec4.ps');
plot(2*%pi*axis/60,xh)
xend()

//INTDEC5_10.SCE
xinit('intdec5.ps')
xf = 24:-1:0;
xf(26:50) = xf(25:-1:1);
xs = real(fft(xf,1));
X = xs(26:50);
x(26:50) = xs(1:25);
| =8;
m = 5;
forder = 33;

hsize = forder;

xsize = maxi(size(x));
xlsize = (xsize-1)*1+1;
xhsize = xlsize+hsize;

fr = .5*xsize/(xhsize-1);
fco = mini([fr,I*fr/m]);
[hffir,w] = wfir(lp',forder,[fco,0],'hm',[0.01,-1]);
h = I*hffir’;
xI(1:I:xIsize) = x;
for
xl(xIsize+1:xhsize-1) = 0*ones(1:hsize-1);

Figure 226

exec("intdecE 10.code’ ) The Sequence 2(nT')

lagure 2.27: exec (“intdec510.cade’) The DIl of x(nT")

Figure 2.28: exec (*intdec5.10.cede’ ) Low Pass Filter

Figure 2.29: exec (' intdec510.code’ | DFT of v(n1")

Figure 2.30: exec (' intdecs10.code’) Filtered Version of V¥




for
hl = 0*ones(xl);
hi(1:hsize) = h';

hif = fft(hl,-1);
xIf = fft(xl,-1);
yl = real(fft(hIf.*xIf,1));

hso2 = int(hsize/2);
ylmod = yl(hso2+1:xhsize-hso02-1);

y = ylmod(1:m:xhsize-2*hs02-1);
plot(x)

xend()
xinit('intdec6.ps')
plot(abs(fft(x,-1)))
xend()
xinit('intdec7.ps')
plot(abs(hlf))
xend()
xinit('intdec8.ps')
plot(abs(xIf))
xend()
xinit('intdec9.ps')
plot(abs(xIf.*hlif))
xend()
xinit('intdec10.ps')
plot(y)

xend()

/IFFT1.SCE
xinit('fft1.ps')
exec('Sfft1.sce')
xend(),

IISFFT1.SCE

x = 0:63;y = cos(2*%pi*x/16);
yf = fft(y,-1);
plot(x,y);

IIFFT1_2.SCE
xinit('fft1.ps")
x = 0:63;
y = cos(2*%pi*x/16);
yf = fft(y,-1);
plot(x,y);
xend(),

IIFFT2.SCE
xinit('fft2.ps")
exec('Sfft2.sce');
plot(x,real(yf)");
xend(),

/ISFFT2.SCE

X = 0:63;y = cos(2*%pi*x/16);
yf = fft(y,-1);

plot(x,real(yf)");

xend(),

//ICZT1.SCE
xinit('czt1.ps');
a = .7*exp(%i*%pi/6);
rect = [-1.2,-1.2*sqrt(2),1.2,1.2*sqrt(2)];
t = 2*%pi*(0:179)/179;
xsetech([0,0,0.5,1]);

ligure 231 exec (“intdec5.10.code’ ) Sequence x(nMT'/T.)

Figure 2.32:

exec (' fftl.code’) Cosine Signal

Figurc 2.33

exec (' £Et2.code’ ! DFT of Cosme Signal

Frgure 2.35: exec ("cztl.code’ ) Samples of the z-transform on Spirals

Figure 3.1° exec (' £irl.code’ ) Recangularly windowed low-pass filter




plot2d(sin(t)',cos(t)',[-1],"012"," ' ,rect)
plot2d([0 real(a)]',[0 imag(a)]',[-1],"000")
xsegs([-1.0,0;1.0,01,[0,-1.0;0,1.0])

w0 = .93*exp(-%1*%pi/15);

w = exp(-(0:9)*log(w0));

z=aw;

zr = real(z);

zi = imag(z);

plot2d(zr',zi',[5],"000")
xsetech([0.5,0,0.5,1]);
plot2d(sin(t)',cos(t)',[-1],"012"," ',rect)
plot2d([0 real(a)]',[0 imag(a)]',[-1],"000")
xsegs([-1.0,0;1.0,0],[0,-1.0;0,1.0])

w0 = w0/(.93%.93);

w = exp(-(0:9)*log(w0));

z=a'w;

zr = real(z);

zi = imag(z);

plot2d(zr',zi',[5],"000")

xend()

/I[FIR1.SCE
xinit('fir1.ps')
[wft,wfm,fr] = wfir('lp',33,[.2 0],'re',[0 0]);
hdes = ones(1:102);
hdes(103:256) = 0*ones(1:154);
plot(fr,wfm)
plot2d(fr',hdes’,[-1],"000")

/IFIR2_5.SCE
xinit('fir2.ps")
w = %pi*(-1:2/200:1);
Ip = 0*ones(w);

hp = Ip;
bp = Ip;
sb = Ip;

for j = 1:201,if abs(w(j))< = %pi/4 then Ip(j) = 1;end;end

for j = 1:201,if abs(w(j))> = 3*%pi/4 then hp(j) = 1;end;end;

for j = 1:201,if abs(w(j)-3*%pi/8)< = %pi/8 then bp(j) = 1;end;end
for j = 1:201,if abs(w(j)+3*%pi/8)< = %pi/8 then bp(j) = 1;end;end;
for j = 1:201,if abs(w(j))< = %pi/4 then sb(j) = 1;end;end

for j = 1:201,if abs(w(j))< = %pi/2 then sb(j) = 1;end;end;
plot2d(w',Ip',[-11,"011"," ",[-%pi,-0.125,%pi,1.125])

xend()
xinit('fir3.ps")

plot2d(w',hp',[-1],"011"," " [-%pi,-0.125,%pi, 1.125])

xend()
xinit('fir4.ps")

plot2d(w',bp',[-1],"011"," " [-%pi,-0.125,%pi, 1.125])

xend()
xinit('fir5.ps')

plot2d(w',sb',[-1],"011"," " [-%pi,-0.125,%pi,1.125])

xend()

/IFIR6.SCE
xinit('fir6.ps")
n=33;

w = 8*%pi*(-1:.01:1)/n;
rn = sin(w*n/2);
rn(101) = n;

rd = sin(w/2);

rd(101) = 1;

rw = abs(rn./rd);
dess(31) = 1;
plot(w,rw)

plot2d([-2*%pi/n 0 2*%pi/n]’,[0 n O[-3],"000")

Figure 3.2: exec (' fir2.5.code’ ) Frequency response of a low pass filter

Figure 3.3: exec (' £ir2 5. code’) Frequeney response ol 4 high puss fler

aezs o

Fizure 3.4: 2xec (' £1x2.5.coda’ ) Frequency response of a band pass filter

Tigure 3.5: exec (' £1r2.5.code’ ) Irequency response of a stop band filter

Figure 3.6. exec (' £1r6.code’ ) Magmtude of rectangular window



plot2d([-2*%pi/n .01-2*%pi/n -.01+2*%pi/n 2*%pi/n]',[0 n n 0]',[-3],"000")
xend(),

/IFIR7.SCE
xinit('fir7.ps')
[wft,wfm,fr] = wfir('lp',33,[.2 0],'kr",[5.6 0]);
plot(fr,log(wfm))
xend(),

//IFIR8.SCE
xinit('fir8.ps')
[wft,wfm,fr] = wfir('sb',127,[.2 .3],'hm',[0 0]);
plot(fr,log(wfm))
xend(),

/IFIR9.SCE
xinit('fir9.ps")
[wft,wfm,fr] = wfir('bp',55,[.15 .35],'ch’,[.001 -1]);
plot(fr,log(wfm))
xend();

IIFSTYP121.SCE
xinit('fstyp121.ps’)
hd = [0*ones(1,15) ones(1,10) 0*ones(1,39)];
hst1 = fsfirlin(hd,1);
hd(15) = .5;hd(26) = .5;
hst2 = fsfirlin(hd,1);
pas = 1/prod(size(hst1))*.5;
fg = O:pas:.5;
n = prod(size(hst1))
plot(fg(1:n),hst1);
plot2d(fg(1:n)',hst2',[-3],"000");

//IFSTYP122.SCE
xinit('fstyp122.ps’)
hd = ones(1,32);hd(65) = 0O;
hst1 = fsfirlin(hd,1);
hst2 = fsfirlin(hd,2);

i
I

s’ s Stap band filer

pas = 1/prod(size(hst1))*.5;
fg = pas:pas:.5;
plot2d([fg;fg]',[hst1;hst2]");
xend()

//REMEZ1.SCE
xinit('remez1.ps')
plot([0 12 0 0],[0 0 O 7]);
plot2d([0 4 9]',[4 0 6]',[-1],"000"),
plot2d([0 7.5 9]',[3 O 1]',[-1],"000"),
plot2d([0 2 9]',[2 O 77',[-1],"000Q"),

plot2d([0 3 9]',[1 0 2.3333]',[-1],"000"),

x = (15/9)*(0:21)/21;

y = 4*ones(x)-x;

for k = 1:22,plot2d([x(k) x(k)+.077,[y(k) y(k)+.07]',[-1],"000"),end
x = (15/9)*ones(1:19)+(75/21-15/9)*(0:18)/18;

y = 3*ones(x)-(6/15)*x;

for k = 1:19,plot2d([x(k) x(k)+.037],[y(k) y(k)+.093]',[-1],"000"),end
x = (75/21)*ones(1:59)+(8-75/21)*(0:58)/58;

y = -2*ones(x)+X;

for k = 1:59,plot2d([x(k) x(k)-.077",[y(k) y(k)+.077',[-1],"000"),end
t = 2*%pi*(0:35)/35;

st = .05*sin(t);

ct = .05*cos(t);

Figur

xstring(9,6.8,'|x-2|')
xstring(9,6,'|x-4|')

¢ 3.11: exec (' fstypliz.code’ ) Type | and type 2 low pass filter

ce* remezl . code’) Minmmax Approsimtion for Lineur Tqualions



xstring(9,2.4,"|x/3-1]")
xstring(9,1,"|6x/15-3|")
xend(),

//REMEZ2_4.SCE
xinit('remez2.ps');

nc = 21;
ngrid = nc*250;

fg = .5*(0:(ngrid-1))/(ngrid-1);

ds(1:ngrid/2) = ones(1:ngrid/2);
ds(ngrid/2+1:ngrid) = 0*ones(1:ngrid/2);

wt = ones(fg);
an = remezb(nc,fg,ds,wt);

h = an(nc:-1:2)/2;
h(nc) = an(1);
h(nc+1:2*nc-1) = h(nc-1:-1:1);

z = poly(0,'z");

hz = poly(h,'z','c");

fr = (0:.5:.5*155)/156;
rep = abs(freq(hz,1,exp(%i*2*%pi*fr)));
hm = rep’;

plot(fr,hm),

xend(),
xinit('remez3.ps'");
clear fg ds wt nc an
nc = 21;

ngrid = nc*16;

fg = (0:-1+ngrid/2)*.24*2/(ngrid-2);

fg(ngrid/2+1:ngrid) = fg(1:ngrid/2)+.26*ones(1:ngrid/2);

ds(1:ngrid/2) = ones(1:ngrid/2);
ds(ngrid/2+1:ngrid) = 0*ones(1:ngrid/2);

wt = ones(fg);
an = remezb(nc,fg,ds,wt);

h = an(nc:-1:2)/2;
h(nc) = an(1);
h(nc+1:2*nc-1) = h(nc-1:-1:1);

hz = poly(h,'Z','c");

fr = (0:.5:.5*155)/156;

rep = abs(freq(hz,1,exp(%i*2*%pi*fr)));
hm = rep’;

plot(fr,hm),

xend(),

xinit('remez4.ps');

clear nc ngrid fg ds wt;

nc = 21;

ngrid = nc*16;

fg = .5*(0:(ngrid-1))/(ngrid-1);

ds(1:ngrid/2) = (0:-1+ngrid/2)*2/(ngrid-2);
ds(ngrid/2+1:ngrid) = ds(ngrid/2:-1:1);

wt = ones(fg);

Figure 3.13: ex=c (' remez2.4 . code’ ) Low Pass Futer with No Lransinon Band

Figure 314 exec (¢ remez2.4 . code’ | Low Pass Filier with Tragsttion Band [.2:1. .26]

Figure 3.15: exec (' rem=z2.4. code’ | Trangular Shaped Filter




an = remezb(nc,fg,ds,wt);

h = an(nc:-1:2)/2;
h(nc) = an(1);
h(nc+1:2*nc-1) = h(nc-1:-1:1);

hz = poly(h,'Z','c");

fr = (0:.5:.5*155)/156;

rep = abs(freq(hz,1,exp(%i*2*%pi*fr)));
hm = rep'; N W
plot(fr,hm), J0 A
xend(), s ‘/“ [ . . 1

/IREMEZ5_7.SCE Al g
xinit('remez5.ps'); =3 V0 VAN | f/‘ \
deff('[ ] = pf(h,nc)',... of W vy U
'hz = poly(h,"z","c");...
fr = (0:.5:.5*155)/156;...
rep = abs(freq(hz,1,exp(%i*2*%pi*fr)));...

plot(fr, rep),') Figure 3.16: exec [ remez5.7 .éode') Stop Band Filter of Even Length
nf = 32; DA N A |
bedge = [0 .2;.22 .28;.3 .5]; Vo "
des =[10 1], “ '

wate =[111];

hn = edfir(nf,bedge,des,wate); !
pf(hn,nf); o
xend(),
xinit('remez6.ps');

nf = 33;

bedge = [0 .2;.22 .28,.3 .5];
des=[101];

wate =[1 1 1];

hn = edfir(nf,bedge,des,wate); A A
pf(hn,nf); [~
xend(), /
xinit('remez7.ps'); |
nf = 33; |
bedge = [0 .25;.28 .5]; . |
des =[0 1];
wate =[1 1];

hn = edfir(nf,bedge,des,wate);
pf(hn,nf);

Xend(), Figure 3.18: exec ('remez5.7. ccde’ ) High Pass Filter Design

Figure 3.17: exec (' remez5.7.code’ ) Stop Band Filter of Odd Length

//ANALOG1.SCE
xinit('analog1.ps')
exec('Sanalog1.sce")
xend()

/ISANALOG1.SCE

h = buttmag(13,300,1:1000); - |
mag = 20*log(h)'/log(10); s N N
p|0t2d((1 11000)',mag,[-1],"0111-’" "’[07-180,1000120]),

/IANALOG2.SCE Figure 4 1: exac i’ analogl . code’ ) Magnitude in dB. n = 13, w, = 300
xinit('analog2.ps')
exec('Sanalog2.sce') P
xend()

IISANALOG2.SCE

n=13;

angles = ones(1,n)*(%pi/2+%pi/(2*n))+(0:n-1)*%pi/n;
s = exp(%i*angles);

xset("mark",0,1);

lim =1.2*sqrt(2.);

Figure 42: exec (" analog?.cods ) Butterworth filter. pole positions n = 13



plot2d(real(s)',imag(s)',[3],"012"," ",[-lim,-1.2,lim,1.2]);
xarc(-1,1,2,2,0,360%64);
xsegs([-lim,0;1im,0],[0,-1.2;0,1.2])

xtitle('Pole positions of Butterworth filter');

/IANALOG3.SCE Sk ~‘
xinit('analog3.ps')
exec('Sanalog3.sce')
xend()

//ISANALOG3.SCE - \

n= 13;epsil,on = 0.2;omegac = 3;sample = 0:0.05:10; P ==
h = cheb1mag(n,omegac,epsilon,sample); v Lo e
plot(sample,h,'frequencies','magnitude’)

Figure 4.3, ex=c (" analog3.code’) Maguitude of a Type 1 Chebyshev filter
ANALOG4.SCE .
xinit('analog4.ps') }
n = 13;epsilon = 0.2;omegac = 3;sample = 0:0.05:10;
[p,gain] = zpch1(n,epsilon,omegac); “
tr_fct = poly(gain,'s','coef')/real(poly(p,'s'))
for *
rep = abs(freq(tr_fct(2),tr_fct(3),%i*sample)); i 14 e (<o o ) Gty i Sy oo i
plot(sample,rep,'frequencies’,’'magnitude") )
xend()
//
/IANALOG5.SCE ]

xinit('analog5.ps') T =
exec('Sanalog5.sce') - ‘
xend() I
SANALOGS5.SCE | SERY

; " I ‘,
n = 10;omegar = 6;A = 1/0.2;sample = 0.0001:0.05:10; . Py
h2 = cheb2mag(n,omegar,A,sample); o R I
plot(sample,log(h2)/log(10),'frequencies’,'magnitude in dB') v ) ' ‘
minval = (-maxi(-log(h2)))/log(10); Figure 4.5 exec (analogs. code”) Magnitude al'a Tupe 2 Chebyshey i

plot2d([omegar;omegar],[minval;0],[-1],"000");

attenuation = -log(A*A)/log(10);
plot2d(sample',attenuation*ones(sample)',[-2],"000")

I/ANALOG6.SCE
xinit(‘analog6.ps')
exec('Sanalogb6.sce')
xend()

/ISANALOG6.SCE -

m = 0.8+%eps;

z = %asn(1/sqrt(m),m);

K = real(z);KT = imag(z);

x2max = 1/sqrt(m);

x1 = 0:0.05:1;x2 = 1:((x2max-1)/20):x2max;x3 = x2max:0.05:10;
x = [x1,x2,x3];

rect = [0,-KT,1.1*K,2*KT]

y = %asn(x,m);
plot2d(real(y)',imag(y)’,[-1],"011"," ",rect);

xtitle(" ','real(y)','imag(y)")

[n1,n2] = size(x)

x1 =0:0.5:1;x2 = 1:0.3:x2max;x3 = x2max:1:10;
x1=1[0,0.25,0.5,0.75,1.0,1.1,1.2,1.3,1.4,2,3,4,10]
rect = [0,-KT,1.1*K,2*KT]

y1 = %asn(x1,m);
xnumb(real(y1),imag(y1)+0.1*ones(imag(y1)),x1)
plot2d(real(y1)',imag(y1),[2],"011"," " ,rect);

Vigure 46 sxec(*analogs.coda ') The rectangle Ry - image by w of the postive real asis



/IANALOG7.SCE
xinit('analog7.ps')
exec('Sanalog7.sce")
xend()
/ISANALOG7.SCE
m = 0.36; =
K = %k(m);
P = 4*K;
real_val = 0:(P/50):P;
plot(real_val,real(%sn(real_val,m)),'x real','sn(x)")

//ANALOG8.SCE
xinit(‘analog8.ps')
exec('Sanalog8.sce")
xend()

/ISANALOG8.SCE
m = 0.36; =
KT = %k(1-m);
Ip = 2*KT,;
ima_val1 = [0.:(Ip/50):(KT-0.01)];
ima_val2 = [(KT+0.01):(Ip/50):(Ip+KT)];
z1 = %sn(%i*ima_val1,m);z2 = %sn(%i*ima_val2,m);
rect = [0,-30,lp+KT,30];
plot2d([KT,KT]',[-30,30]',[-1],"011"," ",rect);
xtitle(' ','x imaginary','sn(x)")
plot2d([-30,30]',[0,0]',[-1],"000");
plot2d(ima_val1',imag(z1)',[-1],"000");
plot2d(ima_val2',imag(z2)',[-1],"000");

/IANALOG9.SCE
xinit('analog9.ps')
n=9;eps = 0.2;A =3;m1 = eps*eps/(A*A-1);
K1 = %k(m1);K1T = %k(1-m1);
z1max = n*K1;z2max = K1T;
z1 = 0:(z1max/100):z1max;
z2 = %i*(0:(z2max/50):z2max);z2 = z2+z1max*ones(z2);
z3 = z1max:-(z1max/100):0;z3 = z3+%i*z2max*ones(z3);
plot(elltmag(eps,m1,[z1,z2,z3]));
omc = prod(size(z1));
omr = prod(size([z1,22]));
plot2d([omc,omc]',[0,1]',[-2],"000");
plot2d(Jomr,omr]',[0,1]",[-2],"000");

//ANALOG10.SCE
xinit('analog10.ps')
mm1 = 0:0.01:1;mm1(1) = 0.00000001;mm1(101) = 0.9999;
m=0*mm1;n=3;i=1;
anorm = 1.-2.*%eps;
for m1 = mmf1,
y = %asn(anorm/sqrt(m1),m1);
K1 = real(y);
K12 = imag(y);
chi1 = K12/K1;
m(i) = findm(chi1/n);
i=i+1;
end,
plot(real(log(mm1)),real(log(m))),

[IANALOG11.SCE
xinit('analog11.ps')
deff('[alpha,beta] = alpha_beta(n,m,m1)',...
'if 2*int(n/2) = n then, beta = K1; else, beta = 0;end;...
alpha = %k(1-m1)/%k(1-m);")
epsilon = 0.1;
A=10;

Figure 4.7, axac (*analog7.coda’) Fehavior of the sn function [or real values

Figuie 4.3, exec ( analogd. code’ ) Behavior of the sn function for inagmary values

Figure 4.9: exec('analeg9.code’) v(z) forzin B, . withn =9

Tigure 4 10: =xec (" analogl®.code’ ) logim) versus logim | Tor order n fixed

Figurc 4.11. exec{’analogll.code’ ) Resporise of Prowiype Elliptic Filler



m1 = (epsilon*epsilon)/(A*A-1);n = 5;omegac = 6;
m = find_freq(epsilon,A,n);

omegar = omegac/sqrt(m)
%k(1-m1)*%k(m)/(%k(m1)*%k(1-m))-n
[alpha,beta] = alpha_beta(n,m,m1)
alpha*%asn(1,m)-n*%k(m1)

sample = 0:0.01:20;

z = alpha*%asn(sample/omegac,m)+beta*ones(sample);
plot(sample,ellimag(epsilon,m1,z))

/IANALOG12.SCE
xinit('analog12.ps') . |
exec('Sanalog12.sce') . |
xend()

[ISANALOG12.SCE

epsilon = 0.1;A=10; e
m1 = (epsilon*epsilon)/(A*A-1);n = 5;omegac = 6; R
m = find_freq(epsilon,A,n);

omegar = omegac/sqrt(m)

[z,p,g] = zpell(epsilon,A,omegac,omegar);

figure 412 exee (*analoglz. code’) Laample ofrespomse ol i flier ublaited by zpell

num = real(poly(z,'s'));den = real(poly(p,'s"));
transfer = g*num/den

sample = 0:0.01:20;
rep = freq(g*num,den,%i*sample);
plot(sample,abs(rep))

IMNMR1.SCE
xinit('iir1.ps’)

deff('[ ] = hatch_c(c1,c2,r,nl)',...
'a = -sqrt(2)*r:2*sqrt(2)*r/(nl+1):sqrt(2)*r;...
r = r*ones(a);...
c1 = c1*ones(a);...
c2 = c2*ones(a);...
xh = c1+(a+sqrt(2*r.*r-a.*a))/2;...
xl = c1+(a-sqrt(2*r.*r-a.*a))/2;...
yh = c2-c1+xh-a;...
yl = ¢2-c1+xl-a;...endfunction
for k = 1:maxi(size(a)),...
plot2d(real([xl(k) xh(k)])",real([sqrt(2)*yl(k) sqrt(2)*yh(k)])",[-1],"000™),...
end,")
deff('[ ] = hatch_r(x1,y1,x2,y2,nl)',...
'a = x1-y2+y1:(x2-x1-y1+y2)/(nl+1):x2;...
for k = 1:maxi(size(a)),...
if a(k)<x1 then,...
xl(k) = x1;...
yl(k) = y1+x1-a(k);...
else,...
xl(k) = a(k);...
yl(k) = y1;...
end,...
if a(k)<x2-y2+y1 then,...
xh(k) = a(k)+y2-y1;...
yh(k) = y2;...
else,...
xh(k) = x2;...
yh(k) = y1+xh(k)-a(k);...
end,...
end,...
for k = 1:maxi(size(a)),...
plot2d(real([xI(k) xh(k)])",real([yl(k) yh(k)])",[-1],"000™),...
end,")

Figure 4.13: exec (#1irl.code’ ) Transform s — (1 — 2~ 1)/7



t=0:.1:.1+2*%pi;

¢ = cos(t);

s = sin(t);

plot([-4 -4 4],[4 -4 -4]),

plot2d([-4 4 -2 2-2-2222],[0002 -2 00 2 -2]',[-1],"000"),

plot2d((c+2*ones(t))',sqrt(2)*s',[-1],"000"),
plot2d((.5*c+2.5*ones(t))',.5*sqrt(2)*s',[-1],"000"),
hatch_c(2.5,0,.5,10);

hatch_r(-3,-2,-2,2,20);

plot2d([-1 .5]',[.8 .8]',[-1],"000"),

plot2d([.4 .51',[.85 .8]',[-1],"000"),

plot2d([.4 .5]',[.75 .8]',[-1],"000"),

xend(),

lIR2_3.SCE

xinit('iir2.ps")

dess(31) = 1;

[pols,gn] = zpch1(3,.22942,2);

hs = gn/real(poly(pols,'s"));

fr = 0:.05:3*%pi;

hsm = abs(freq(hs(2),hs(3),%i*fr));
plot(fr,hsm)

xend(),

xinit('iir3.ps')

z = poly(0,'2');

hz = horner(hs,2*(z-1)/(z+1));

fr = 0:.005:.5;

hzm = abs(freq(hz(2),hz(3),exp(2*%pi*%i*fr)));
plot(fr,hzm)

xend(),

/NIR4.SCE
xinit('iir4.ps')
hz =iir(5,'lp','cheb1",[.2 0],[.05 .05]);
fr = 0:.002:.5;
hzm = abs(freq(hz(2),hz(3),exp(2*%pi*%i*fr)));
plot(fr,hzm)
xend()

/NR5.SCE
xinit('iir5.ps")
hz = iir(3,'bp','ellip',[.15 .25],[.08 .03]);
fr = 0:.002:.5;
hzm = abs(freq(hz(2),hz(3),exp(2*%pi*%i*fr)));
plot(fr,hzm)
xend()

//EQIIR1.SCE
xinit(‘eqiir1.ps')
om = [0.251463,1*%pi/10,2*%pi/10,0.773302];
deltap = 0.022763;
deltas = 0.01;

[cells,fact,zers,pols] = eqiir('bp','el',om,deltap,deltas);

n = prod(cells(2));d = prod(cells(3));
rep = freq(n,d,exp(%i*(0:0.01:%pi)));
rep = fact*abs(rep);

n = prod(size(rep))
plot(20*log(rep(2:n))/log(10))
xend(),

//EQIIR4.SCE
xinit(‘eqiir4.ps')
exec('Seqiir4.sce')
xend(),

//SEQIIR4.SCE

lgure 4.14: exec ("iirz3.code ) Magnitude of Analog I'ilter

Figure 4.15: exec (1 iirZ 3 .code’ | Magnitude of Digital Filter

Figure 4.16' exec (' iir4.code’ ) Digital Low-Pass Filter

Figure 4.17: exec (*1ir5.code’ ) Digntal Band-Pass Filter



=1[0.251463,1*%pi/10,2*%pi/10,0.773302];
deltap = 0.022763;
deltas = 0.01;

[cells,fact,zers,pols] = eqiir('bp','el',om,deltap,deltas);

n = prod(cells(2));d = prod(cells(3));
rep = freq(n,d,exp(%i*(0:0.01:%pi)));
rep = fact*abs(rep);

n = prod(size(rep))
plot(20*log(rep(2:n))/log(10))

//ISPECT1.SCE
xinit('spect1.ps')

rand('normal’);
rand('seed',0);
x = rand(1:256-33+1);

[h,w] = wfir('lp',33,[.1,0],'tr',[0.01,-1]);
h1 = [h 0*ones(1:maxi(size(x))-1)];
x1 =[x 0*ones(1:maxi(size(h))-1)];
hf = fft(h1,-1);

xf = fft(x1,-1);

yf = hf.*xf;

y = real(fft(yf,1));

rect = [1,-2.35,256,1.4];
n = prod(size(y));
plot2d((1:n)",y",[-1],"011"," ",rect)

plot2d([100 100]',[-1.5 -1.77',[-1],"000")
plot2d([78 78]',[-1.8 -2]',[-1],"000")
plot2d([178 178]',[-1.8 -2]',[-1],"000")
plot2d([156 156]',[-2.1 -2.3]',[-1],"000")
plot2d([1 357',[-1.6 -1.6]',[-1],"000")
plot2d([65 100]',[-1.6 -1.6]',[-1],"000")
plot2d([78 113]',[-1.9 -1.971',[-1],"000")
plot2d([143 1787',[-1.9 -1.9]',[-1],"000")
plot2d([156 191]',[-2.2 -2.2]',[-1],"000")
plot2d([221 256]',[-2.2 -2.2]',[-1],"000")
xstring(42,-1.65,'x1")
xstring(120,-1.95,'x2")
xstring(198,-2.25,'x3")

plot2d([1 5]',[-1.6 -1.577]',[-1],"000")
plot2d([1 5]',[-1.6 -1.63]',[-1],"000")
plot2d([78 82]',[-1.9 -1.87],[-1],"000")
plot2d([78 82]',[-1.9 -1.93]',[-1],"000")
plot2d([156 160]',[-2.2 -2.177',[-1],"000")
plot2d([156 160]',[-2.2 -2.23]',[-1],"000")
plot2d([96 100]',[-1.57 -1.6]",[-1],"000")
plot2d([96 100]',[-1.63 -1.6]",[-1],"000")
plot2d([174 178]',[-1.87 -1.9]',[-1],"000")
plot2d([174 178]',[-1.93 -1.9]',[-1],"000")
plot2d([252 256]',[-2.17 -2.2]',[-1],"000")
plot2d([252 256]',[-2.23 -2.2]',[-1],"000")

xend(),
/ISPECT2_4.SCE

xinit('spect2.ps')

dess(31) =

rand('normal’);

Figure

418 exec(reqiirs.code’) Fxample of response ohtained with eqiir

Figure 5.1: exec (/' spectl.code’) Overlapping Data

(U

Figure 5.2:

exsc (' spectZ 4.code’ | Log Magnitude Squared of Filter



rand('seed',0);

x = rand(1:1024-33+1);

nf = 33;

bedge =[0.1;.125 .5];

des =[10];

wate = [1 1];

h = edfir(nf,bedge,des,wate);

h1 = [h 0*ones(1:maxi(size(x))-
x1 = [x 0*ones(1:maxi(size(h))-

hf = fft(h1,-1);

xf = fft(x1,-1);

yf = hf.*xf;

y = real(fft(yf,1));

2 =[h 0*ones(1:968)];
hf2 = fft(h2,-1);
hf2 = real(hf2.*conj(hf2));
hsize = maxi(size(hf2));
fr = (1:hsize)/hsize;
plot(fr,log(hf2));
xend()
xinit('spect3.ps')

[sm] = pspect(100,200,'tr',y);
smsize = maxi(size(sm));

fr = (1:smsize)/smsize;
plot(fr,log(sm))

xend(),

xinit('spect4.ps’)

[sm] = cspect(100,200,r',y);
smsize = maxi(size(sm));

fr = (1:smsize)/smsize;
plot(fr,log(sm))

xend()

//IMEM1_3.SCE
xinit('mem1.ps')

deff('[xm,fr] = bt(x)',...
'xsize = maxi(size(x));...
[xf.fr] = frmag(x,256);...
xm = xf.*conj(xf)/xsize;')
y = (0:10);

x1 = sin(2*%pi*y/20);

x2 = sin(3.5*%pi*y/20);

w = .4*(rand(y)-.5*ones(y));
X = X1+2*x2+w;

[sm,fr1] = mese(x,10);
[xm,fr] = bt(x);

plot(x);

xend()

xinit('mem2.ps’)
plot(fr1,sm)

xend()

xinit('mem3.ps')

plot(fr,xm)

xend()

I/IKF1.SCE
xinit('kf1.ps')
exec('Skf1.sce')
xend(),

N
)k

Figure 5.3: exec (' spect2.4.code’) Estimale of Specirum

i
L
YRV
[ ,
14 "\
|
|
v
Figure 5.4; exec (’ spect2.4.code’ ) Estimate of Specirum
Figue 5.5 exec {'meml 3. codas’) Input Data Sequence, «(n)
Figure 5.6: exec ('meml 2. code’ ) Maximum Enwopy Spectral Esumarte of 4 (n)
Figure 3.7) exsc (“meml 3. cede” ) Syuared Magmiude ol the Founer ranslomm ol s(r)




IISKF1.SCE

rand('seed’,5);rand('normal');
g =[.03.01;.01 .03];u = rand(2,11);
f=11.1.1;0 .8];g = (chol(q))}

mO = [10 10]';p0 = [2 0;0 2];x0 = mO+(chol(p0))*rand(2,1);

x = ltitr(f,g,u,x0);
r=1[2 0;0 2];v = (chol(r))*rand(2,11);y = x+v;
h = eye(2,2);[xe] = sskf(y,f,h,q,rm0);

a = mini([x(1,:),xe(1,:)]);a = -.1*abs(a)+a;
b = maxi([x(1,:),xe(1,:)]);b = .1*abs(b)+b;
¢ = mini([x(2,:),xe(2,:)]);c = -.1*abs(c)+c;
d = maxi([x(2,:),xe(2,:)]);d = .1*abs(d)+d;
plot([a a b],[d c c]),
plot2d(x(1,:)',x(2,:)',[-1],'000',' ")
plot2d(xe(1,:)',xe(2,:)',[-2],'000',' "),
plot2d(xe(1,:)',xe(2,:)",[3],'000',' "),

IIKF2.SCE
xinit('kf2.ps')
exec('Skf2.sce")
xend(),

/ISKF2.SCE
m0 =[10 10];p0 = [2 0;0 2];
f=[1.1.1;,0.8;g=[10;0 1;h =[10;0 1];
q =1[.03.01;.01 .03];r = 2*eye(2,2);

rand('seed’,2);rand('normal’);

pOc = chol(p0);x0 = mO+p0c™rand(ones(m0));yt=[1;

xke0 = mO;pk0 = pO;

x = x0;xke = mO;
ell = [pk0(1,1) pk0(2,2) pk0(1,2)]’;

n=10;
fork =1:n,

[x1,y] = system(x0,f,g,h,q.r);
x =[x x1];

yt=[ytyl;

x0 = x1;

[xke1,pk1,xd,pd] = kalm(y,xke0,pkO0,f,g,h,q,r);
xke = [xke xke1];

ell = [ell [pk1(1,1) pk1(2,2) pk1(1,2)]T;

xkeO = xke1;

pkO = pk1;

end,

deff('[ ] = ellipse(m1,m2,s1,s2,512)',...
't=0:.1:.1+%pi*2;...

¢ = 2*cos(t);...

s = 2*sin(t);...

rho = s12/sqrt(s1*s2);...

cr = sqrt(s1)*ctm1*ones(c);...

sr = sqrt(s2)*(rho*c+sqrt(1-rho*rho)*s)+m2*ones(s);...

plot2d(cr",sr",[-1],"000"),")

Fieure 6.1 exec (' kil.code’) Steady-Stale Kulmun Filter Tracking

Figure 6.2: exec (" kf2.code’) Kalman Filter Tracking



a = mini([x(1,:)-2*sqrt(ell(1,:)),xke(1,:)]);a = -.1*abs(a)+a;

b = maxi([x(1,:)+2*sqrt(ell(1,:)),xke(1,:)]);b = .1*abs(b)+b;

¢ = mini([x(2,:)-2*sqrt(ell(2,:)),xke(2,:)]);c = -.1*abs(c)+c;

d = maxi([x(2,:)+2*sqrt(ell(2,:)),xke(2,:)]);d = .1*abs(d)+d;

plot([a a bl,[d ¢ d]),
plot2d(x(1,:)',x(2,:)',[-2],"000"),
plot2d(xke(1,:)',xke(2,:)',[-1],"000"),

for k = 1:n+1,
ellipse(x(1,k),x(2,k),ell(1,k),ell(2,k),ell(3,k)),
end,

plot2d(x(1,:)',x(2,:),[2],"000"),
plot2d(xke(1,:)',xke(2,:),[3],"000")

IIWF1.SCE
xinit(‘wf1.ps')
exec('Swf1.sce')
xend(),
/ISWF1.SCE
mO = [10 10];p0 = [100 0;0 100];

f=[1.15.1;0 .8];g =[1 0;0 1];
h =[1 0;0 1];[hi,hj] = size(h);

q =[.01 0;0 .01];r = 20*eye(2,2);
rand('seed',66);rand('normal');

pOc = chol(p0);x0 = m0+p0c™*rand(ones(m0));
y = h*x0+chol(r)*rand(ones(1:hi))’;yt = v;

x = x0;

ft = [fl;gt = [gl;ht = [n];qt = [a];rt = [1];

n=10;
fork =1:n,
[x1,y] = system(x0,f,g,h,q,r);

x =[x x1;yt = [yt y];:x0 = x1;
ft = [ft f];gt = [gt g];ht = [ht h];
gt =[qt q];rt = [rt r];

end;
[xs,ps,xf,pf] = wiener(yt,m0,p0,ft,gt,ht,qt,rt);

a = mini([x(1,:)-2*sqrt(ps(1,1:2:2*(n+1))),xf(1,:),xs(1,:)]);
b = maxi([x(1,:)+2*sqrt(ps(1,1:2:2*(n+1))),xf(1,:),xs(1,:)])
¢ = mini([x(2,:)-2*sqrt(ps(2,2:2:2*(n+1))),xf(2,:),xs(2,)]);
d = maxi([x(2,:)+2*sqrt(ps(2,2:2:2*(n+1))),xf(2,:),xs(2,:)])
xmargin = maxi([abs(a),abs(b)]);

ymargin = maxi([abs(c),abs(d)]);

a = -.1*xmargin+a;b = .1*xmargin+b;

¢ = -.1*ymargin+c;d = .1*ymargin+d;

plot([a a b],[d c c]);
plot2d(x(1,:)',x(2,:)',[-2],"000"),
plot2d(xf(1,:)',xf(2,:)",[-2],"000"),
plot2d(xs(1,:)',xs(2,:)',[-2],"000"),

plot2d(xs(1,:)',xs(2,:),[2],"000"),
plot2d(xf(1,:),xf(2,:).[3],"000"),
plot2d(x(1,:)',x(2,:)",[4],"000"),

Figure 6.3: exec (' wfl.code’ ) Wiener Smoothing Filter




//OPTIIR1.SCE
xinit('optiir1.ps')
[ce0,f0,ze0,po0] = eqiir('lp','ellip',%pi*[.5;.65;0;0],.1,.01);
hz0 = f0*prod(ce0(2))./prod(ce0(3));
ze0 = ze0(1:2:4);p00 = po0(1:2:4);
x0 = [abs([ze0 po0]);atan(imag([ze0 po0]),real([ze0 po0]));10];
X = X0;
omega = %pi/100:%pi/100:%pi;
p=1;
wa(1:52) = ones(1,52);
wa(53:100) = .5*ones([53:100]);
rp0 = abs(freq(hz0(2),hz0(3),exp(%i*omega)));
cx = 'normalized frequency’;
cy = 'magnitude’;
plot(rp0)
xstring(0.1,1.01,'magnitude’);
xstring(70,-.12,'normalized frequency');
xend()

//OPTIIR2.SCE
xinit('optiir2.ps')
[ce0,f0,ze0,p0o0] = eqiir('lp','ellip',%pi*[.5;.65;0;0],.1,.01);
hz0 = f0*prod(ce0(2))./prod(ce0(3));
ze0 = ze0(1:2:4);p00 = po0(1:2:4);
x0 = [abs([ze0 po0])';atan(imag([ze0 po0]),real([ze0 po0]))';10];
x = x0;
omega = %pi/100:%pi/100:%pi;
p=1;
wa(1:52) = ones(1,52);
wa(53:100) = .5*ones([53:100));
rp0 = abs(freq(hz0(2),hz0(3),exp(%i*omega)));
r=1;
Id = 20*log(r.*rp0)/log(10);
cx = 'normalized frequency’;
cy = 'magnitude in dB';
plot(ld);
xstring(2,1.01,'magnitude in dB');
xstring(72,-90,'normalized frequency');
xend()

//OPTIIR3.SCE

[ce0,f0,ze0,p0o0] = eqiir('lp','ellip',%pi*[.5;.65;0;0],.1,.01);

hz0 = f0*prod(ce0(2))./prod(ce0(3));

ze0 = ze0(1:2:4);p00 = po0(1:2:4);

x0 = [abs([ze0 po0])';atan(imag([ze0 po0]),real([ze0 po0]))’;10];
x = x0;

omega = %pi/100:%pi/100:%pi;

p=1

wa(1:52) = ones(1,52);

wa(53:100) = .5*ones([53:100));

rp0 = abs(freq(hz0(2),hz0(3),exp(%i*omega)));

ad(1:49) = ones(1,49)./rp0(1:49);
ad(50:100) = rp0(50:100);

X = [x0(1:4) x0(5:8)];

[cout,xx1,grad,to] = optim(iirmod,x);

if xx1(1,1) > 1. then xx1(1,1) = 1/xx1(1.

1); end;
if xx1(2,1) > 1. then xx1(2,1) = 1/xx1(2,1

1

1

; end;
;end;
;end;

if xx1(3,1) > 1. then xx1(3,1) = 1/xx1(3,
if xx1(4,1) > 1. then xx1(4,1) = 1/xx1(4,
[cout,xx1,grad,to] = optim(iirmod,xx1);

~— — — ~—
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exec('optiir.i.code’ ) Mininim meansquare design. Fourth order TIR filter

sl iiints

Tigure 72

sxec ('optiir.2.code’ ) Resulting magninde response Log scale

exec(’optlir.3.code’ ) Mimmum mean-squire denm. Sixthorder IR filter



if xx1(1,1) > 1. then xx1(1,1) = 1/xx1(1.1); end
if xx1(2,1) > 1. then xx1(2,1) = 1/xx1(2,1); en
if xx1(3,1) > 1. then xx1(3,1) = 1/xx1(3,1); en
if xx1(4,1) > 1. then xx1(4,1) = 1/xx1(4,1); end

binf = [0;-2*%pi].*.ones(4,1);

bsup = [1;2*%pi].*.ones(4,1);

binf = [binf(1:4) binf(5:8)]

bsup = [bsup(1:4) bsup(5:8)]
[cout,xx2,grad,to] = optim(iirmod,'b’,binf,bsup,x);
[cout,xx2,grad,to] = optim(iirmod,'b’,binf,bsup,xx2);
z = poly(0,'2");

z1 = xx2(1,1)*exp(%i*xx2(1,2));

z2 = xx2(2,1)*exp(%i*xx2(2,2));

num = (z-z1)*(z-z1')*(z-z2)*(z-z2")

num = real(num);

p1 = xx2(3,1)*exp(%i*xx2(3,2));

p2 = xx2(4,1)*exp(%i*xx2(4,2));

den = (z-p1)*(z-p1")*(z-p2)*(z-p2');

den = real(den);

sl = syslin('c',num/den);

ff = repfreq(sl,0.01,0.5,0.01);

rp1 = abs(freq(num,den,exp(%i*omega)));
xinit('optiir3.ps')

plot(rp1);

xend();

//OPTIIR4.SCE

[ce0,f0,ze0,p0o0] = eqiir('lp','ellip',%pi*[.5;.65;0;0],.1,.01);
hz0 = f0*prod(ce0(2))./prod(ce0(3));
ze0 = ze0(1:2:4);p00 = po0(1:2:4);
= [abs([ze0 po0]);atan(imag([ze0 po0]),real([ze0 po0]))’;10];
x = x0;
omega = %pi/100:%pi/100:%pi;
p=1
wa(1:52) = ones(1,52);
wa(53:100) = .5*ones([53:100));
rp0 = abs(freq(hz0(2),hz0(3),exp(%i*omega)));

’

ad(1:49) = ones(1,49)./rp0(1:49);
ad(50:100) = rp0(50:100);

= [x0(1:4) x0(5:8)];
[cout,xx1,grad,to] = optim(iirmod,x);
if xx1(1,1) > 1. then xx1(1,1) = 1/xx1(1.
if xx1(2,1) > 1. then xx1(2,1) = 1/xx1(2,
if xx1(3,1) > 1. then xx1(3,1) = 1/xx1(3,
if xx1(4,1) > 1. then xx1(4,1) = 1/xx1(4,
[cout,xx1,grad,to] = optim(iirmod,xx1);
if xx1(1,1) > 1. then xx1(1,1) = 1/xx1(1.1); end
if xx1(2,1) > 1. then xx1(2,1) = 1/xx1(2,1); en
if xx1(3,1) > 1. then xx1(3,1) = 1/xx1(3,1); en
if xx1(4,1) > 1. then xx1(4,1) = 1/xx1(4,1); end
binf = [0;-2*%pi].*.ones(4,1);
bsup = [1;2*%pi].*.ones(4,1);
binf = [binf(1:4) binf(5:8)]
bsup = [bsup(1:4) bsup(5:8)]
[cout,xx2,grad,to] = optim(iirmod,'b’,binf,bsup,x);
[cout,xx2,grad,to] = optim(iirmod,'b’,binf,bsup,xx2);

;end;
;end;
;end;

1);
1);
1);
1); end;

~— — — ~—
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ire 7 4: axec (roptiir.4.co

e’ ) Resulting masmitude response. Tog seile




z = poly(0,'z");

z1 = xx2(1,1)*exp(%i*xx2(1,2));
z2 = xx2(2,1)*exp(%i*xx2(2,2));
num = (z-z1)*(z-z1")*(z-z2)*(z-z2")
num = real(num);

p1 =xx2(3,1)*exp(%i*xx2(3,2));
p2 = xx2(4,1)*exp(%i*xx2(4,2));
den = (z-p1)*(z-p1")*(z-p2)*(z-p2');
den = real(den);

sl = syslin('c',num/den);

ff = repfreq(sl,0.01,0.5,0.01);

rp1 = abs(freq(num,den,exp(%i*omega)));

xinit('optiir4.ps")
plot(20.*log(rp0.*rp1));
xend()

//OPTIIR5.SCE

[ce0,f0,ze0,p0o0] = eqiir('lp','ellip',%pi*[.5;.65;0;0],.1,.01);
hz0 = f0*prod(ce0(2))./prod(ce0(3));
ze0 = ze0(1:2:4);p00 = po0(1:2:4);
= [abs([ze0 po0]);atan(imag([ze0 po0]),real([ze0 po0]))’;10];
x = x0;
omega = %pi/100:%pi/100:%pi;
p=1
wa(1:52) = ones(1,52);
wa(53:100) = .5*ones([53:100));
rp0 = abs(freq(hz0(2),hz0(3),exp(%i*omega)));

ad(1:49) = ones(1,49)./rp0(1:49);
ad(50:100) = rp0(50:100);

= [x0(1:4) x0(5:8)];
[cout,xx1,grad,to] = optim(iirmod,x);

if xx1(1,1) > 1. then xx1(1,1) = 1/xx1(1.1); end;
if xx1(2,1) > 1. then xx1(2,1) = 1/xx1(2,1); end;
if xx1(3,1) > 1. then xx1(3,1) = 1/xx1(3,1); end;
if xx1(4,1) > 1. then xx1(4,1) = 1/xx1(4,1); end;
[cout,xx1,grad,to] = optim(iirmod,xx1);

if xx1(1,1) > 1. then xx1(1,1) = 1/xx1(1.1); end;
if xx1(2,1) > 1. then xx1(2,1) = 1/xx1(2,1); end;
if xx1(3,1) > 1. then xx1(3,1) = 1/xx1(3,1); end;
if xx1(4,1) > 1. then xx1(4,1) = 1/xx1(4,1); end;

binf = [0;-2*%pi].*.ones(4,1);

bsup = [1;2*%pi].*.ones(4,1);

binf = [binf(1:4) binf(5:8)]

bsup = [bsup(1:4) bsup(5:8)]

[cout,xx2,grad,to] = optim(iirmod,'b’,binf,bsup,x);
[cout,xx2,grad,to] = optim(iirmod,'b’,binf,bsup,xx2);
z = poly(0,'Z');

z1 = xx2(1,1)*exp(%i*xx2(1,2));

z2 = xx2(2,1)*exp(%i*xx2(2,2));

num = (z-z1)*(z-z1")*(z-z2)*(z-z2")

num = real(num);

p1 = xx2(3,1)*exp(%i*xx2(3,2));

p2 = xx2(4,1)*exp(%i*xx2(4,2));

den = (z-p1)*(z-p1")*(z-p2)*(z-p2');

den = real(den);

sl = syslin('c',num/den);

ff = repfreq(sl,0.01,0.225,0.01);

rp1 = abs(freq(num,den,exp(%i*omega)));

Figure 7.5

. exec
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xinit('optiir5.ps")
plot(20.*log(rp0.*rp1));
xend()

I/OPTIIRTOTAL.SCE

[ce0,f0,ze0,p0o0] = eqiir('lp','ellip’,%pi*[.5;.65;0;0],.1,.01);

hz0 = f0*prod(ce0(2))./prod(ce0(3));
ze0 = ze0(1:2:4);p00 = po0(1:2:4);

= [abs([ze0 po0]);atan(imag([ze0 po0]),real([ze0 po0]))’;10];

X = X0;

omega = %pi/100:%pi/100:%pi;
p=1;

wa(1:52) = ones(1,52);
wa(53:100) = .5*ones([53:100));

rp0 = abs(freq(hz0(2),hz0(3),exp(%i*omega)));

plot(rp0);
xbasc();
ad(1:49) = ones(1,49)./rp0(1:49);
ad(50:100) = rp0(50:100);

= [x0(1:4) x0(5:8)];
[cout,xx1,grad,to] = optim(iirmod,x);

if xx1(1,1) > 1. then xx1(1,1) = 1/xx1(1.1); end;
if xx1(2,1) > 1. then xx1(2,1) = 1/xx1(2,1); end;
if xx1(3,1) > 1. then xx1(3,1) = 1/xx1(3,1); end;
if xx1(4,1) > 1. then xx1(4,1) = 1/xx1(4,1); end;

[cout,xx1,grad,to] = optim(iirmod,xx1);

if xx1(1,1) > 1. then xx1(1,1) = 1/xx1(1.1); end
if xx1(2,1) > 1. then xx1(2,1) = 1/xx1(2,1); en

if xx1(3,1) > 1. then xx1(3,1) = 1/xx1(3,1); en

if xx1(4,1) > 1. then xx1(4,1) = 1); end
binf = [0;-2*%pi].*.ones(4,1);

bsup = [1;2*%pi].*.ones(4,1);

binf = [binf(1:4) binf(5:8)]

bsup = [bsup(1:4) bsup(5:8)]

’

1/xx1(4,

[cout,xx2,grad,to] = optim(iirmod,'b’,binf,bsup,x);
[cout,xx2,grad,to] = optim(iirmod,'b’,binf,bsup,xx2);

z = poly(0,'Z');

z1 = xx2(1,1)*exp(%i*xx2(1,2));
z2 = xx2(2,1)*exp(%i*xx2(2,2));
num = (z-z1)*(z-z1")*(z-z2)*(z-z2")
num = real(num);

p1 = xx2(3,1)*exp(%i*xx2(3,2));
p2 = xx2(4,1)*exp(%i*xx2(4,2));
den = (z-p1)*(z-p1")*(z-p2)*(z-p2');
den = real(den);

sl = syslin('c',num/den);

ff = repfreq(sl,0.01,0.5,0.01);

rp1 = abs(freq(num,den,exp(%i*omega)));
plot(rp1);

plot(rp0);

xbasc();

plot(20.*log(rp0.*rp1));

//IOPTFIR1.SCE
xinit(‘opftfir1.ps');

forder = 64;
Nf = 64;

\en. G4-point Towvpass FIR Flier



Nf2 = Nf/2;tol = 0.05;N = 128;N2 = N/2;

Hsimp = 0*ones(N,1);
fori=1:20
Hsimp(i) = 1.;
Hsimp(N+1-i) = 1;
end;
FF = fft(Hsimp,1);

FFF = 0*ones(N,1);
fori= 1:Nf2
FFF(i) = FF(i);
FFF(N+1-i) = FF(N+1-i);
end;
FF1 = fft(FFF,-1);
RR1 = real(FF1);

Hd = 0*ones(Nf,1);

fori=1:20
Hd(i) =1;

end;

for i = 24:Nf
Hd(i) = .006;

end;

S = 0*ones(N2,Nf);
forii = 1:N2
for kk = 1:Nf
i =ii-1;
k = kk-1;
omega = 2.*%pi*i/N;
omegaZ2 = %pi*i/N;
coe = exp(-%i*(omega2-k*%pi/Nf))*(Nf-1)/2;
ccc = (omega2-%pi*k/Nf);
cc1 = sin(Nf*ccc);
cc2 = sin(cce);
if cc2 = 0 then cc12 = Nf;else cc12 = cc1/cc2;end;
S(ii,kk) = real(coe*cc12);
end;
end;
forii = 1:N2
for kk = 1:Nf2
Y (ii,kk) = S(ii,kk)+S(ii,Nf+1-kk);
end;
end;
HU = 0*ones(Nf2,1);
fori=1:10
HU(@i) =1
end;
B = Y*HU/NT;
B = B/Nf2;
()
A1=Y(,11);
A2 =Y(:,12);
A3 =Y(:,13);
A=[A1A2A3];
T=1[0.75;0.50 ; 0.25; 0.1];
A4 = 0*A1;
fori=26:64
A4(i)=-1;
end;
bsup = Hd-B;
binf = Hd-B;
fori=1:19
bsup(i) = bsup(i)+tol;



binf(i) = binf(i)-tol;
end;
fori=1:6
bsup(19+i) = 2.;
binf(19+i) = -2,;
end;
fori=26:64
bsup(i) = 0.02;
binf(i) = -0.02;
end;

p =[0;0;0;1];
CC =[AA4; -AAd];
CC = CC/32;
CC = CC/128;
bound = [bsup; -binf];
ci = [0;0;0;0];
cs =[1;1;1;0.05];
[xx,yy,zz] = linpro(p,CC,bound,ci,cs);
Hbest = HU;
Hbest(11) = xx(1);
Hbest(12) = xx(2);
Hbest(13) = xx(3);
Hres = Y*Hbest/Nf;
Hres = Hres/32;
xend();
(abs(Hres));
xinit(‘opftfir1.ps');
plot2d([1:64;1:64]',[abs(Hres) abs(B)])
xend()

//OPTFIR2.SCE
exec(‘optfir1.sce');
xinit('optfir2.ps');
plot2d([1:64;1:64]',[20*log(abs(Hres)) 20*log(abs(B))]);

xend();

IIWIGNER1.SCE
xinit(‘wigner1.ps')

a =[488"*2 488 1;408**2 408 1;568**2 568 1];
b =[1.28;0;0];

X = a\b;

t = 408:568;

p = x™[t.*t;t;ones(t)];

u = [0*ones(408:487) ones(488:568)];

s = p.*sin(2*%pi/16*t+u*%pi);

s = [0*ones(0:407) s 0*ones(569:951)];

h = ones(1,64);

w = wigner(s,h,12,128);

plot3d(1:69,1:64,abs(w(1:69,1:64)));
xend()

Figure 7 7: ex=c [ 'optfir2.code’ ) Linear programming design.

Figwe 9. 1- exec ' wignerl.cods' | Wigne analysis. Siusoid modulied by a passbols



