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Combination of LTI Systems

« Combination of two LTI systems

sl g o

z|n]

7 hy[n] * hy[n]

*Also applicable for continuous-time systems.
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Combination of LTI Systems

* Combination of multiple LTI systems

Xﬂ*hl[n] h,[n] thyn]F— ——/h,[n] z[n]

X[n]

an]

{ I [n] * hy[n] * hy[n] * ...* hy[n]

*Also applicable for continuous-time systems.
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Assignment - Question 1

1. A LTI discrete-time system has an input x[n] and an output y[n]:
J'[ﬁ]—gﬂ'[”—l]—%-"[”—3]=-‘f[”] , system is initially at rest.

The output y[n] of this first system then becomes the input of a

second system: :[n]+%:[n_1]+%:[n_z]=,L-[H] , system is initially at rest.

Compute and display the impulse response of the equivalent
system between x [n] and z[n] .
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Assignment - Question 1 ...

n=0:100;

SImpluse reponse of system 1
Bl=[1 0 01]; ol
Al=[1 -5/6 1/6]; el ®
hl=impz (B1,Al,n); ®
$Impluse reponse of system 2 “
B2=[1 0 0]; S e
A2=[1 -5/6 1/6]; b
h2=impz (B2,2A2,n) ; 081 Q
$combination of two systems %9 .
h=conv (h1,h2) ; 04 ‘

2

splot 02t WT

nh=O:length(h)—1; DD - TiwmeEGUQDGDGDGSCuGuG
stem (nh, h),grid;

axis([0,30,0,2]);
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System Stability

 For a discrete-time system, a sufficient condition to guarantee its
stability is: if the impulse response is absolutely summable, i.e.,

+ oo

Z Ih[k]| < oo

k=—o0

* Then, if the input x[n] is bounded, the output y[n] is bounded.
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System Stability ...

« For a continuous-time system, a sufficient condition to guarantee
Its stability is: if the impulse response is absolutely integrable,
l.e.,

Tolh(r)l < o0

T=—00

* Then, if the input x(t) i1s bounded the output y(t) is bounded.
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Assignment — Question 2

Show by experiment if the following LTI systems are stable or not:

2
(1) ¢ -"!m 5D L 4300y = x(r) , System initially at rest.
dt dt o

t=0:0.1:200;

B1=[0 0 1];

Al=[1 -5 4];
hl=impulse (B1,Al,t);
plot(t,hl), grid on;
axis ([0 200 0 1073077])
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NOt Stable! ] ZID 4ID E-ID E:D ‘1EIFD 12ID ‘1-;0 ﬂ:I_I'-D I‘H;!-D 200
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Assignment - Question 2 ...

Show by experiment if the following LTI systems are stable or not:

d*y(t)
2 .
(2) -
t=0:0.01:8;
B1=[0 O 17];

Al=[1 +5 47;
hl=impulse (B1,Al, t);
plot (t,hl), grid on;

Stable!

£ 4 =x(o) , system initially at rest.
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Assignment - Question 2 ...

Show by experiment if the following LTI systems are stable or not:

(3) ¥ [ﬁ']—l.\f[” = 3] = I[H] , system initially at rest.

4
n=0:20; 0.0 |
B:I_:[l 0 O],’ 0.8 [
A:I_:[l 0 —0.25],’ 0.7 [
hl=impz (B1l,Al,n); L)
stem(n,hl), grid on; o
Stable!
.DD GTUGD-"GGDQCDUGD@GU
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Invertibility of LTI Systems

« ToseeifalLTl system is the inverse of the other LTI system,
check if the convolution of their impulse response is a delta

function.
x[n] b, [n] y[n] h, [n] z|n]=x[n]
X[n] z[n]=x[n]

"/ hy[n] * hy[n]=0[n]
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Assignment - Question 3

Show by experiment which of the systems listed below (a, b, or c)
IS the inverse of the following LTI discrete time system:
y[i]=2 3 [ 1]+ 2y [n—2]=x[x] » SYyStEM Initially at rest.

(1) _}'[H]:él‘[ﬂ]—gl[ﬂ—ll—.1'[.?-}—2] , system |n|t|a”y at rest.
(2) )= ,,,.]__T[,,,. 1]+ x[1-2] , system initially at rest.

3) Lol 1le vln_21=+[+] » SYstem initially at rest.
()EJ[”] ~yn=1]+3[n=2] =[] » SY y
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Assignment - Question 3 ...

e To consider if }.[ﬁ.]:%x[ﬂ]_%x[n_1]“-[;?_3] is reverse system

of: y[ﬁ-]—gy[ﬁ-1]+%3.=[H_z]:x[n]

n=0:20;

A=[1 -5/6 1/6]; -

B=[1 0 0];

h=impz (B, A, n) ; 04t of

Al=[1 0 0]; A I _
B1=[1/6 -5/6 1]; ¢ T

hl=impz (B1 ’ Al ’ n); 0 T?{pmf“‘“f““”DDF‘GGGDDOFGGDDDHGGCDDDHGGrj
ht=conv (h,hl);

nt=0:length (ht)-1; >

stem (nt,ht), grid on; 04

No, it 1s not. 00|
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Assignment - Question 3 ...

5 1
e To consider if J'[ﬁ‘]=I[“]—%-‘f[”—1]+gx[”—3] is reverse system

of: y[ﬁ-]—gy[ﬁ-1]+%3.=[H_z]:x[n]

n=0:20;

A=[1 -5/6 1/6]; '7
B=[1 0 0];

h=impz (B, A, n) ; |
Al=[1 0 0], 0 |
Bl=[1 -5/6 1/6];

hl=impz (B1,Al,n); 0.4
ht=conv (h,hl);

nt=0:1length (ht)-1; 027

stem (nt,ht), grid on;

Yes, it 1s.
02
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Assignment - Question 3 ...

| 5 .
e To consider if E.}-‘[n]—g.}'[n—l]+,1-'[n—2]=x[ﬁ] is reverse system

of: _]’[I‘I]-%_}’[H‘—1]+%j-=[?‘.‘—2]II[H] x1010

9 :

n=0:20; il

A=[1 -5/6 1/6]; d )

B=[1 0 0]; 6f

h=1mpz (B,A,n) ; e |

Al=[1/6 -5/6 11; A .

Bl1=[1 0 0];

hl=impz (B1,Al,n); il ¢

ht=conv (h,hl) ; ol

nt=0:1length (ht)-1; 1 T T}

stem(nt, ht), grld on, DGSEuuGGGDDGGL}UC3'ﬁm? iqjiﬂ’“omf}uﬂuauuceu
0 5 10 15 20 25 30 35 40

No, it 1s not.
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Now, you do the last question of the assignment 4.
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