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1. Unit Sample sequence

function [x,n]=impseq(n0,n1,n2)
%Generates x(n)=delta(n-n0); N1 <= n <=n2
% [x,n]=impseq(n0,n1,n2)
n=[n1:n2];x=(n==n0);

3] -
Matlab: [x,n]=impseq(1,-2,5)
X =
0 0 0 1 0 0 0 0
n=

-2 -1 0 1 2 3 4 5
2. Unit Sep sequence
function [x,n]=stepseq(n0,n1,n2)
%Generates x(n)=u(n-n0); n1l <=n<=n2
% [x,n]=stepseq(n0,n1,n2)
n=[n1:n2];x=(n>=n0);

3] -
Matlab: [x,n]=stepseq(1,-2,5)
X =
0 0 0 1 1 1 1 1
n=

-2 -1 0 1 2 3 4 5
3. Real valued exponential sequence
Bl x(n)=(0.9)"
Matlab &3~ : n=[-1:5]; x=(0.9)"n;
??7? Error using ==>"
Matrix must be square.
Matlab fi3 = : n=[-1:5]; x=(0.9).n; (LFQE\JJ‘FZLI*'JLI%#T)
4 5

n= -1 0 1 2 3

x=11111 1.0000 0.9000 0.8100 0.7290 0.6561 0.5905
=k 1 x=(0.9)*n

E( =-0.9000 0 0.9000 1.8000 2.7000 3.6000 4.5000
# © x=exp(n) (x=exp.(n) H’ IR L)

E(z 0.3679 1.0000 7183 7.3891 20.0855 54.5082 148.4132

4. Complex-valued exponential sequence

Bl x(n)=exp® "

Matlab: n=[-1:2]; x=exp((2+3j)*n);

X =-0.1340-0.0191i 1.0000 -7.3151 + 1.0427i 52.4235 -15.2556i

5. Sinusoidal sequence

B s x(n)=3cos(0.1n 7 + 7 /3)

Matlab: n=[-1:5]; x=3*cos(0.1* n* pi+pi/3);

X= 22294 1.5000 0.6237 -0.3136 -1.2202 -2.0074 -2.5981

6. Random Sequence
Matlab Casel: seg=rand(1,5);  Note: [0,1] B[] » 5= 551 'r*J » L5
seg= 0.9501 0.2311 0.6068 0.4860 0.8913



Matlab Case2: seg=randn(1,5);
Note: [0,1] ] - T 150l O » AAEI g1 ﬁ.'J: 92 "ﬁJ » =B EL 5
seq= -04326 -1.6656 0.1253 0.2877 -1.1465

7. Periodic Sequence

ffl: 123451234512345

Matlab: x=[1 2 3 4 5]; xtilde=x" ones(1,3); xtilde=xtilde(:);xtilde=xtilde’;
X = 1 2 3 4 5

a=ones(1,3);=> a=111;
xtilde =

[EEN

GabhwWNPEF

1
2
3
4
5

Note: after step: xtilde=x"ones(1,3);

1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

Note: after step: xtilde=xtilde(;);
xtilde=

1 23 4512 3 45 1 2 3 4 5 Note after step: xtilde=xtilde’;

MR

1. Signal Addition:

function [y,n]=sigadd(x1,n1,x2,n2)

% implements y(n)=x1(n)+x2(n)

% x1 and x2 are signal, nl and n2 are index
n=min(min(nl1),min(n2)):max(max(nl),max(n2)); % duration of y(n)
yl=zeros(1,length(n));y2=y1; % initialization
y1(find((n>=min(nl))& (n<=max(nl))==1))=x1; % x1 with duration of y
y2(find((n>=min(n2))& (n<=max(n2))==1))=x2; % x2 with duration of y

y=ylty2;
B« n1=-2:2; x1=[12345]; n2=-1:4; x2=[1 23 4 5 6]; [ y,n]=sigadd(x1,n1,x2,n2);
n= -2 -1 0 1 2 3 4

y= 1 3 5 7 9 5 6



ﬁ%\'fjé Don= 2 -1 0 1 2 3 4
x1= 1 2 3 4 5
x2= 1 2 3 4 5 6
y=x1+x2 1 3 5 7 9 5 6
= in= -1 3 4 2 0
Pn>1)&(n<4)
ans = 0 1 0 1 0
find(ans==1)
ans= 2 4
Faf 1 y=[101112 1314 15]; n=[ 1 2 3]; x=[1 2 3]; y(n)=x;
y= 1 2 3 13 14 15

¢ yE[1011121314 15]; n=[ 4 56]; x=[1 2 3; y(n)=x;
y= 10 1 12 1 2 3

2. Signal Multiplication:

function [y,n]= sigmult(x1,n1,x2,n2)

% implements y(n) = x1(n)*x2(n)

%

n = min(min(nl),min(n2)):max(max(nl),max(n2)); % duration of y(n)

yl = zeros(1,length(n)); y2 = y1; %
y1(find((n>=min(nl))& (n<=max(nl))==1))=x1; % x1 with duration of y
y2(find((n>=min(n2))& (n<=max(n2))==1))=x2; % x2 with duration of y
y=yl.*y2
Bl s n1=-2:2; x1=[12345]; n2=-1:4; x2=[1 234 5 6]; [ y,n]=sigmult(x1,n1,x2,n2);
n= -2 -1 0 1 2 3 4
y= 0 2 6 12 20 0 0
ﬁ%\'fjé Don= 2 -1 0 1 2 3 4

x1= 1 2 3 4 5

X2= 1 2 3 4 5 6

y=x1*x2 0O 2 6 12 20 0 O

Foyl=[12]; y2=[1112]; y=ylty2;
EJ’” Error using ==>*

Inner matrix dimensions must agree.
FoylE[12]; y2=[1112]; y=ylry2,
Q/ = 11 24

3. Scaling:
s x=[123]; y=3*x;
y= 3 6 9

4. Shifing:

function [y,n] = sigshift(x,m,n0)

% implements y(n) = x(n-n0) m: index of X, n:index of y
n=m+n0; y = X;

B s m=[-2-10123]; x=[012 345]; [y,n]=sigshift(x,m,3);

m=-2 -1 0 1 2 3

x=0 1 2 3 4 5

n= 1 2 3 4 5 6
y= 0O 1 2 3 4 5
5. Folding:

function [y,n] = sigfold(x,n)



% implements y(n) = x(-n)
y = fliplr(x); n=-fliplr(n);

B s m=[-2-10123]; x=[012345]; [y,n]=sigfold(x,m);
m= -2 -1 0 1 3

X= 0O 1 2 3 5

n=-3 -2 -1 0 1

y= 5 4 3 2 1

ON BN

6. Sample Summation:
B s m=[-2-10123]; x=[012 34 5]; s=sum(x(1:length(x)); Note: £ Hf s=sum(x) [/’
s= 15 Note 0+1+2+3+4+5=15

7. Sample Products:
B+ m=[-2-10123]; x=[-112345]; s=prod(x(1:length(x))); Note: 8¢ s=prod(x)[]
s= -120 Note s=-1*1*2*3*4*5=-120

8. Signal Energy:
fl: x=[1 1+ 1-]; exl=sum(x.*conj(x)) ; ex2= sum(abs(x)."2);  Note: ex1 » ex2 7 7 fltiE
exl= 5 ex2= 50000 Note ex2=1/2+(1A41472)+(1.4142):
7=+ conj(x)
s= 1.0000 1.0000- 1.0000i  1.0000 + 1.0000i
7 1 abs(x)
s= 1.0000 1.4142 1.4142

9. Signal Power:



%’f@??*%ﬂ/i‘p ﬁ;’} .
Xe(M=[X(N)+x(-n)]/2 Xo(N)=[x(n)-x(-n)]/2

function [xe, X0, m] = evenodd(x,n)
% Real signal decomposition into even and odd parts
if any(imag(x) ~=0)
error('x isnot area sequence’)
end
m = -fliplr(n);
m1 = min({m,n]); m2=max([m,n]); m=m1:m2,
nm = n(1)-m(1); n1 = 1:length(n);
x1 = zeros(1,length(m));
x1(n1+nm) = x; X = x1;
xe = 0.5*(x + fliplr(x));
x0 = 0.5*%(x - fliplr(x));

Bl s n=[-2-10123]; x=[-1 1 2 3 4 5]; [xe,xo,m]=evenodd(x,n);

n= -2 -1 0 1 2
X= -1 1 2 3 4
m= -3 -2 -1 0 1 2
xe= 2.5000 1.5000 2.0000 2.0000 2.0000 1.5000
xo= -25000 -2.5000 -1.0000 0 1.0000 2.5000
|
figure(l); clf

subplot(2,2,1); stem(n,x); hold on; plot(n,0.* n); title('Rectangular pulse)
xlabel('n’); ylabel('x(n)"); axis([-5,5,-3,3])

subplot(2,2,2); stem(m,xe); hold on; plot(m,0.* m);title('Even part’)
xlabel ('n"); ylabel ('xe(n)"); axis([-5,5,-3,3])

subplot(2,2,4); stem(m,xo0); hold on; plot(m,0.* m);

title("Odd part");

xlabel ('n’); ylabel('xo(n)"); axis([-5,5,-3,3])
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Convolution
X[m]=[111000]; (System I/P)
hin]=[ 0.7° 0.7 0.7% 0.7° 0.7; (Impulse Response)
y[k]=? (System O/P)
Case 1: m=0:5; n=0:4; (k=(0+0):(5+4)=0:9)
Matlab: x=[ 111 00 0]; n=0:4; h=(0.7).”n; y=conv(x,h);
y =1.0000 1.7000 2.1900 1.5330 1.0731 0.5831 02401 0 O
Matlab: (O/Py[K] Sketch) k=0:9; stem(k,y);

25

: [,
Case 2: m=0:5; n=2:6; (I=(0+2):(5+6)=2:11)
YN 5T 1 conv 44 EJIJ%TE' Rk P Sl ] conv_m 44
function [y,ny]=conv_m(x,nx,h,nh)
% Modified convolution routine for signal processing
%
nyb=nx(1)+nh(1); nye=nx(length(x))+nh(length(h));
ny= [nyb:nye];
y=conv(x,h);
Matlab: x=[ 111 00 0]; nx=0:5; n=0:4; h=(0.7).”n; nh=2:6; [y,ny]=conv_m(x,nx,h,nh);
ny =2 3 4 5 6 7 8 9 10 11 (=) [F[J)
y= == Case 1l HI[F[J
Matlab: (O/Py[ny] Sketch) stem(ny,y);

2.5

2l
1.5+
1

0.51

: ..

2 3 4 5 6 7 8 9 10 11

Case3: ') FEfF #43 y(n)-0.7y(n-1)=x(n)
4 HAI] - Casel 7% -
Matlab: b=[1]; a=[1-0.7]; x=[ 11100 0]; y=filter(b,ax);
y = 1.0000 1.7000 2.1900 1.5330 1.0731 0.7512
[l | =R N ] FOR] x @ x=[111000000]; FI#



y= 10000 17000 21900 15330 10731 07512 05258

03681  0.2577
i ¢ y=filter(bax) 459 %~ IR R IRy PO R AR > TR 7
B 2| 25 A y(n)-0.7y(n- 1)—X(n)”lﬁﬁf DL E  THIRES > PIELASS oz 53 7
o SRR EEEE h(n) ELE LR g4 Caselfi Jﬁ}%?%

Case4: I'| Ff5ff A4% y(n)= 0.7° x(n)+0.7" X(n-1)+0.7% x(n-2)+0.7° x(n-3)+0.7*x(n-4)
Ypr=£% FIR 74z
Matlab: n=0:4; b=(0.7)."n; a=[1]; x=[ 11100000 0]; y=filter(b,a,x);
y=10000 1.7000 2.1900 1.5330 1.0731 0.5831 02401 0 O
FE R ? A e Casel AR



A1 x(nx)
Matlab: nx=[-2:3]; x=[3,11,7,0,1,4]; stem(nx,X);

B2
ny =nw= 0
y= 3
w= 21832

y(n)=x(n-2)+w(n)

1
11
-0.1364

Corrdation

w(n): 2150 BEIEr1 ;‘/fﬂ,’ﬁ’%’} "FJ
Matlab: [y,ny]=sigshift(x,nx,2);

w=randn(1,length(y)); nw=ny; stem(ny,y);

2 3 4 5

7 0 1 4
0.1139 1.0668 0.0593 -0.0956

Matlab: [y,ny] = sigadd(y,ny,w,nw);
ny = [FL[J—

y= 51832

FFHEK 1V folding:
Matlab: (3V x(-n))

10.8636

7.1139 1.0668 1.0593 3.9044

[x,nx] = sigfold(x,nx);

nx = -3 -2 -1 0 1 2
X = 4 1 0 7 11 3
b
0_3 .2‘ T y 3 -o‘ 0 o‘ : 2
FV Convulution: rxy=y(n)*x(-n)
k- o (CEBRBD
Matlab: [rxy,nrxy] = conv_m(y,ny,x,nx); stem(nrxy,rxy); % crosscorrelation
nrxy = -3 -2 -1 0 1 2 3 4 5 6 7
rxy=  20.7327 48.6376 39.3193 47.6633 138.3642 201.5234 122.2158
40.4912 421829 46.1257 11.7131



250
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150 +

YT

Matlab: rxy=xcorr(x,y);

X = 3 11 7 0 1 4 (F 5% folding p x(n)i 1)

y= 51832 10.8636 7.1139 1.0668 1.0593 3.9044

rxy= 20.7327 48.6376 39.3193 47.6633 138.3642 201.5234 122.2158
404912 421829 46.1257 11.7131

BRI x(m) 1 i folding » GG SRR TEIR AL




