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19EC34 What is System?

Ripal Patel

System A continuous-time (discrete-time) system H is an operator that

Classification transfer the input x(t) (x[n]) into the output y(t) (y[n]). We

and properties

denote the process by

Example: y(t) = x(t) +1

y(n) = Hix(n)]

Example: y(n) = x(n)?
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Memory vs. Memoryless

o A system H is memoryless if the value y(ty)
(i.e.,y(t = to)) only depends on the value x(tp) for any tp.

Memory vs.

Memoryless
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e A system H is memoryless if the value y(tp)
(i.e.,y(t = to)) only depends on the value x(tp) for any tp.

Memory vs.

Memoryless

o Current time t:
Current input: x(t)
Past input: x(t-1), x(t-2),...x(t-k)
Future input: x(t+1), x(t+2),...x(t+k)

e Example: y(t) = x?(t) is memoryless since y(tg) = x>(to)
for ty.

o Example: y(t) = x(t — 1) is a system with memory since
y(to) = x(to1), e.g., ¥(0) = x(1). y(to) depends on x(t)
at t = tpl, not at tp.

e In other words, output y(t) at current time t = tg is only
affected by input x(t) at current time t = ty
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A system H is causal if the value y(tp) only depends on
Causal vs. X(t) ot S to

Non-causal

e l.e., current output y(t) is produce by current input x(t)
and past input x(t — 1), x(t — 2),...x(t — k), not future
input x(t + 1), x(t +2),..x(t + k) .

e The system y[n] = x[n — 1] is causal (y[0] = x[—1])

e The system y[n] = x[n + 1] is non-causal (y[0] = x[1])

e The system y(t) = x(t + a) is causal if a <0 and is
non-causal if a > 0
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19EC34 Linear vs. Nonlinear

e H is called linear if H has the superposition property:
H[alxl(t) + 32X2(t)] =a H[Xl(t)] + azH[Xz(t)]

Noinos: where, y1(t) = H[x1(t)] and y2(t) = H[x2(t)]
e The response of a weighted sum of input signals is equal
to the same as weighted sum of output signals.
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Linear vs. Nonlinear Example

y(n) = x(n=3)

e Two output signals
Nonfinea yi(n) = Hxi(n)] = xi(n — 3)

y2(n) = Hpe(n)] = xo(n —3)

Hlaix1(n) 4+ axxo(n)] = a1x1(n — 3) + azxe(n — 3)

= a1 H[x1(n)] + a2H[x2(n)]
ary1(n) + azy2(n)
Hence, system is LINEAR.
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Linear vs. Nonlinear Example

y(t) = x3(t)

e Two output signals

y1(n) = Hlxa ()] = X (t)

Nonlinear

ya(n) = Hpe(t)] = %5 (t)
e LHS:

H[alxl(t) + 32X2(t)] = [alxl(t) + 32X2(t)]2
e RHS:

atH[xa(t)] + a2 Hpo(1)] = avd (1) + 2253 (t)

LHS # RHS. Hence, system is NON-LINEAR.
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Linear vs. Nonlinear Example

y(n) = x(n)x(n —1)

e Two output signals
yi(n) = Hpxa(n)] = x1(n)xi(n —1)

y2(n) = H[x(n)] = x2(n)x(n — 1)

Hlaix1(n)+ axxa(n)] = arxa(n)x1(n—1)+ axxz(n)x2(n—1)

= a1 H[x1(n)] + a2H[x2(n)]
a1y1(n) + azy2(n)
Hence, system is LINEAR.
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e Two output signals

() = Hpa ()] = (1)

yaln) = Ha(t)] = <o)

Linear vs.
Nonlinear

e LHS:
d
H[alxl(t) + 32X2(t)] = E[alxl(t) + 32X2(t)]
d d
= alaxl(t) + 32$X2(t)
e RHS:

1A (0)] + a2 Hbo(t)] = a1 5 (8) + 22 1)

| HS — RHS Hence c<vetem ic | INFAR
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Time-invariant vs. Time-variant

e H is called time-invariant if the following is true:
Hix(t)] = y(t) = H[x(t — to)] = y(t — to)

Time-invariant e l.e., a time-shift to in the input x(t) results in an identical

Time-variant time-shift to in the output.
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Time-invariant
vs.
Time-variant
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y(t) = g(t)x(t)

H(x(t — to) = g(t)x(t — to))
y(t —to) = g(t — to)x(t — to)
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y(t) = cos t.x(t)

Time-invariant

H(x(t — tp) = cos t.x(t — to))

Time-variant
y(t — tp) = cos(t — to).x(t — to)
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e Problem: y(t) = ft/Z x(7)dT

—00

ya(t) /jﬂ z(r — d)dr

t/2—d
Time-invariant f :r(“:’}ds
—oo

VS.

Time-variant (t—2d) /2
/ z(s)ds

oo

y(t — 2d).
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e Problem: y(t) = ft/Z x(7)dT

—00

ya(t) /jﬂ z(r — d)dr

t/2—d
Time-invariant f :r(“:’}ds

o0

VS.

Time-variant (t—2d) /2
= / z(s)ds

oo

= y(t —2d).

e Time-variant: Therefore, it does not obey the
time-invariance condition.
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e Problem: y(t) = f_tOOX(T)dT

Time-invariant
vs.
Time-variant
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e Problem: y(t) = [*_ x(7)dT

The integrator system is also a time-invariant system. To prove this, we replace x(t) in (9.30) by x(r — ¢;) obtaining

the output wir)
I

w(t) = f x(r — to)dt (9.35)

-0

Time-invariant
vs.
Time-variant

Now, to prove time-invariance, we must manipulate the integral in (9.35) into a form that is recognizable in terms of the
original output y(r). This is done by changing the “dummy variable™ of integration to & = t — 1. In this substitution,
dt is replaced by do. the lower limit T = —o00 becomes o = —oc. and the upper limit r = 1 becomes o =1 — t;.
Therefore (9.35) becomes

-1
wir) = x(o)do
—s0

Y and it is now clear that w(r) = y(r — fy). so the integrator system is seen to be time-invariant. [ ]
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e Problem: y(t) = %x(t)
e The derivative of a time-shifted signal is
Time-invariant d dr d dr

S variant va(t) = ot —d)] = —(t —d)=(t —d) = —(t —d) = y(t - d).
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o Problem: y(t) = 4x(t)

e The derivative of a time-shifted signal is

Time-invariant d dr d dr
VEb ya(t) = —=[x(t —d)] = —(t —d)—=(t —d) = —(t —d) = y(t — d).
wat) = Zla(t = d)) = St =) Tt —d) = St = d) = ylt = )

e Time-invariant
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e Problem: y(n) = 2x(n)u(n)

Time-invariant
vs.
Time-variant
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e Problem: y(n) = 2x(n)u(n)

e e Not Time Invariant. The time-invariance condition does

oA not hold, because the signal that is being multiplied by
x(n) varies with time.

Time-variant
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e Problem: y(t) = x(2 — t)

Time-invariant
vs.
Time-variant
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Time-invariant
vs.
Time-variant

Time-invariant vs. Time-variant EXAMPLE

e Problem: y(t) = x(2 —t)

H(x(t — to) = x(2 — t — tp))
y(t —to) =x(2—(t — t0)) = x(2 — t + to)
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Time-invariant
vs.
Time-variant

Time-invariant vs. Time-variant EXAMPLE

e Problem: y(t) = x(2 —t)

H(x(t — to) = x(2 — t — tp))
y(t —to) =x(2—(t — t0)) = x(2 — t + to)

e Time-variant



198Cas Time-invariant vs. Time-variant EXAMPLE

e Problem: y(n) = nx(n)

Time-invariant
vs.
Time-variant
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Time-invariant vs

e Problem: y(n) = nx(n)
e Answer: Time-variant
Time-invariant

vs.
Time-variant

. Time-variant EXAMPLE
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e Problem: y(n) = nx(n)
e Answer: Time-variant

e Problem: y(n) = x(n)x(n—1)

Time-invariant
vs.
Time-variant
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Problem: y(n) = nx(n)

Answer: Time-variant

Problem: y(n) = x(n)x(n— 1)

Time-invariant
vs.
Time-variant

Answer: Time-invariant




198Cas Time-invariant vs. Time-variant EXAMPLE

Problem: y(n) = nx(n)
Answer: Time-variant
Problem: y(n) = x(n)x(n— 1)
Answer: Time-invariant
Problem: y(t) = x(2 — t)

Time-invariant
vs.
Time-variant
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Problem: y(n) = nx(n)
Answer: Time-variant
Problem: y(n) = x(n)x(n— 1)
Answer: Time-invariant
Problem: y(t) = x(2 — t)

Answer: Time-variant

Time-invariant
vs.
Time-variant




10EC34 Stable Vs Non-stable

e A system is said to be Bounded Input Bounded Output
(BIBO) stable if and only if every bounded input results in
bounded output.

e System H is BIBO stable if |x(t)] < My < co then
Stable Vs ly(t)] < M, < oo for all t

Non-stable
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e Problem: y(t) = x(t — to)
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e Problem: y(t) = x(t — to)

e Bounded Input
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e By shifting input x(t) by to

Ix(t — to)] < My < o0

Stable Vs
Non-stable
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Problem: y(t) = x(t — to)
Bounded Input

[x(t)] < My < 00

By shifting input x(t) by to

Ix(t — to)] < My < o0

Stable Vs
Non-stable

Taking magnitude on both sides of input-output
relationship,

y(8)] = Ix(t — )| < My < o0
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Problem: y(t) = x(t — to)
Bounded Input

[x(t)] < My < 00

By shifting input x(t) by to

Ix(t — to)] < My < o0

Stable Vs
Non-stable

Taking magnitude on both sides of input-output
relationship,

y(8)] = Ix(t — )| < My < o0

BIBO condition satisfied. Hence, stable.
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e Problem: y(n) = x(—n)
e Bounded Input
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e By time reversing input x(n) by

[x(—=n)| < My < o0

Stable Vs
Non-stable
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Problem: y(n) = x(—n)

Bounded Input
|x(n)] < My < 00

By time reversing input x(n) by

[x(—=n)| < My < o0

Stable Vs
Non-stable

Taking magnitude on both sides of input-output
relationship,

ly(n)| = [x(=n)] < My < o0

BIBO condition satisfied. Hence, stable.
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e Problem: y(t) = [sin 6t]x(t)
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e Bounded Input

Stable Vs
Non-stable

Stable Vs Non-stable EXAMPLE

e Problem: y(t) = [sin 6t]x(t)

[x(t)] < My < 00
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e Problem: y(t) = [sin 6t]x(t)
e Bounded Input
[x(t)] < My < o0

e Taking magnitude on both sides of input-output
relationship,

y(2)] = [sin6t[|x(t)]

Stable Vs NOW’
Non-stable | Sin 6t| < 1

Ix(t)] < My < 00

y(t) is also bounded.
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e Problem: y(t) = [sin 6t]x(t)
e Bounded Input
[x(t)] < My < o0

e Taking magnitude on both sides of input-output
relationship,

y(2)] = [sin6t[|x(t)]

Stable Vs NOW’
Non-stable | Sin 6t| < 1

[x(t)] < My < o0

y(t) is also bounded.
e BIBO condition satisfied. Hence, stable.




19EC34 Stable Vs Non-stable EXAMPLE

e Problem: y(n) = x(n) + n




19EC34 Stable Vs Non-stable EXAMPLE

e Problem: y(n) = x(n) + n

e Bounded Input
Ix(n)] < My < 00

Stable Vs
Non-stable




19EC34 Stable Vs Non-stable EXAMPLE

e Problem: y(n) = x(n)+n

e Bounded Input
Ix(n)] < My < 00

e Taking magnitude on both sides of input-output
relationship,

Stable Vs ’y(n)’ = ’X(n) + ’7‘ = ‘X(n)’ + ‘”’

Non-stable

As n — 00, y(n) — 0o means output is not bounded.
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Problem: y(n) = x(n) + n

Bounded Input
Ix(n)] < My < 00

Taking magnitude on both sides of input-output
relationship,

Stable Vs ’y(n)’ = ’X(n) + ’7‘ = ‘X(n)’ + ‘”’

Non-stable

As n — 00, y(n) — 0o means output is not bounded.
BIBO condition not-satisfied. Hence, Unstable.
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By shifting input x(t) by to
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|x(§)] < M, < o0

Stable Vs
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Taking magnitude on both sides of input-output
relationship,

Y(0)] = Ix()] < My < o0
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Problem: y(t) = x(3)
Bounded Input

[x(t)] < My < o0

By shifting input x(t) by to

t
|x(§)] < M, < o0

Stable Vs
Non-stable

Taking magnitude on both sides of input-output
relationship,

Y(0)] = Ix()] < My < o0

BIBO condition satisfied. Hence, stable.
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Problem: y(t) = eX(t)
Bounded Input

[x(t)] < My < 00

By shifting input x(t) by to

1eX()] < M, < o0

Stable Vs
Non-stable

Taking magnitude on both sides of input-output
relationship,

y(0)l = |e9] < My < 0
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Problem: y(t) = eX(t)
Bounded Input

[x(t)] < My < 00

By shifting input x(t) by to

1eX()] < M, < o0

Stable Vs
Non-stable

Taking magnitude on both sides of input-output
relationship,

y(0)l = |e9] < My < 0

BIBO condition satisfied. Hence, stable.
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e Problem: y(n) = cos[x(n)]

e Bounded Input
Ix(n)] < My < o0

e Taking magnitude on both sides of input-output
relationship,
Stable Ve ly(m)] = | cos[x(n)]]

Non-stable

As | cos[x(n)| <1, y(n) — oo means output is bounded.
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Problem: y(n) = cos[x(n)]

Bounded Input
Ix(n)] < My < o0

Taking magnitude on both sides of input-output
relationship,

Stable Vs y(n)] = | cos[x(n)]|

Non-stable

As | cos[x(n)| <1, y(n) — oo means output is bounded.

BIBO condition satisfied. Hence, stable.
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e Problem: y(n) = x(n)?

e Bounded Input
Ix(n)] < My < o0

e Taking magnitude on both sides of input-output
relationship,
Stable Vs |}/(”)’ = ’X(n)2|

Non-stable

As |x(n)?| < M2 < oo means output is bounded.




19EC34 Stable Vs Non-stable EXAMPLE

Problem: y(n) = x(n)?
Bounded Input

Ix(n)| < My < o0

Taking magnitude on both sides of input-output
relationship,

Stable Vs |}/(”)’ = ’X(n)2|

Non-stable

As |x(n)?| < M2 < oo means output is bounded.

BIBO condition satisfied. Hence, stable.
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e Problem: y(t) = f_tOOX(T)dT
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Stable Vs Non-stable EXAMPLE

e Problem: y(t) = f_tOOX(T)dT

Ix(t)] < My < 00
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e Problem: y(t) = f_too x(7T)dT
e Bounded Input
Ix(t)] < My < 00

e Taking magnitude on both sides of input-output

relationship,
t
0 = / x(r)dr|
—0o0

let's take x(t) = u(t)

Stable Vs
Non-stable

u(t)] =1

!—I/ dT|—|/ 1dr| =[]t . = t + o0

if t — oo then |y(t)] — oo
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e Problem: y(t) = fjoo x(r)dt
e Bounded Input
[x(t)] < My < o0

e Taking magnitude on both sides of input-output

relationship,
D=1 [ e

let's take x(t) = u(t)
u(t)] =1

!—I/ dT|—|/ ldr| = [r]t., =t + o0

if t — oo then |y(t)| — oo
e BIBO condition not satisfied. Hence, Unstable.

Stable Vs
Non-stable
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e A system is said to be invertible if the input to the system
may be uniquely determined from the output.

e Distinct inputs produce distinct outputs

e A system is said to be invertible, if the inverse of that
system exists.

y(t) = Tx(8)] = x(t) = Tily(t)]
H— y(t) = Tx(t)] = 10x(t) = x(t) = Ti[y(t)] = 0.1y(t)
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Test for Invertibility

To test for invertibiity, we use two different techniques:

e We may show that a system is invertible by designing an
inverse system that uniquely recovers the input from
output.

Invertibility
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Test for Invertibility

Ripal Patel

To test for invertibiity, we use two different techniques:

e We may show that a system is invertible by designing an
inverse system that uniquely recovers the input from
output.

e We may show that system is not invertible by finding two
different inputs that produce the same output.

Invertibility
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y[n] = 2x[n]
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y[n] = 2x[n]

e For given output y[n]|, we may recover the input using

xlo] = Syl

Invertibility




19EC34 Invertible Vs Not-Invertible EXAMPLE

y[n] = 2x[n]

e For given output y[n]|, we may recover the input using

<[] = 3yl

Invertibility e Hence, system is invertible.
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y(n) = Re[x(n)]

e Two different inputs can produce same output.
y(n) = Re[x(n)] = Re[2 — j2] = 2

y(n) = Re[x(n)] = Re[2+ j2] =2




19EC34 Invertible Vs Not-Invertible EXAMPLE

y(n) = Re[x(n)]

e Two different inputs can produce same output.
y(n) = Re[x(n)] = Re[2 — j2] = 2

y(n) = Re[x(n)] = Re[2+ j2] =2

Invertibility

e Hence, system is not-invertible.
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19EC34 Invertible Vs Not-Invertible EXAMPLE

y(t) = cos[x(t)]

e Two different inputs can produce same output.
y(t) = cos[x(t)] = cos[0] =1

y(t) = cos[x(t)] = cos[2n] =1
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Invertibility

Invertible Vs Not-Invertible EXAMPLE

y(t) = cos[x(t)]

e Two different inputs can produce same output.
y(t) = cos[x(t)] = cos[0] =1

y(t) = cos[x(t)] = cos[2n] =1

e Hence, system is not-invertible.



19EC34 Invertible Vs Not-Invertible EXAMPLE

y(n) = x[n] + 0.5x[n — 1]
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y(n) = x[n] + 0.5x[n — 1]

e For the given system the inverse of the system is possible,

x(n) = y[n] — 0.5x[n — 1]

Invertibility




19EC34 Invertible Vs Not-Invertible EXAMPLE

y(n) = x[n] + 0.5x[n — 1]

e For the given system the inverse of the system is possible,
x(n) = y[n] — 0.5x[n — 1]

e Hence, system is Invertible.

Invertibility
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y(n) = x2[n]

e Two different inputs can produce same output.
y(n) = x*[n] = (-2)* = 4

y(n) = x2[n] = (22 = 4

Invertibility




19EC34 Invertible Vs Not-Invertible EXAMPLE

y(n) = x2[n]

e Two different inputs can produce same output.
y(n) = x*[n] = (-2)* = 4

y(n) = x2[n] = (22 = 4

e Hence, system is not-invertible.

Invertibility
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y(t) =270

e For the given system, input can be find out using

x(t) = log, y(t)

Invertibility




19EC34 Invertible Vs Not-Invertible EXAMPLE

y(t) =270
e For the given system, input can be find out using
x(t) = logy y(t)

e Hence, system is not-invertible.

Invertibility
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y[n] = x[n] — x[n — 1]
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yln] = x[n] = x[n —1]

e Two different inputs can produce same output.
y[n] = x[n] = x[n—1] =5—-3=2

y[n] =x[n] —x[n—-1=9-7=2

Invertibility
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yln] = x[n] = x[n —1]

e Two different inputs can produce same output.
y[n] = x[n] = x[n—1] =5—-3=2

y[n] =x[n] —x[n—-1=9-7=2

Invertibility

e Hence, system is not-invertible.
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e Not-invertible

Invertibility
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e Not-invertible
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e Not-invertible

Invertible

Invertibility
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e Not-invertible

e |nvertible

y(t) = Ax(t) + B
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y(t) = x*(t)
e Not-invertible
[ ]

y(t) = Ax(t)
e Invertible
[ ]

y(t) = Ax(t) + B

e Invertible

Invertibility
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y(t) = x*(t)
e Not-invertible
[ ]

y(t) = Ax(t)
e Invertible
[ ]

y(t) = Ax(t) + B

e Invertible

y(n) = x(=n)
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y(t) = x*(t)
e Not-invertible
[ ]

y(t) = Ax(t)
e Invertible
[ ]

y(t) = Ax(t) + B
e Invertible
Invertibility 4

y(n) = x(~n)
Invertible
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y(t) = x*(t)
e Not-invertible
[ ]

y(t) = Ax(t)
e Invertible
[ ]

y(t) = Ax(t) + B
e Invertible
Invertibility 4

y(n) = x(—n)

e Invertible

y(t) = >
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y(t) = x*(t)
e Not-invertible
[ ]

y(t) = Ax(t)
e Invertible
[ ]

y(t) = Ax(t) + B
e Invertible
Invertibility 4

y(n) = x(—n)

e Invertible

y(t) = >

Invertible
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A continuous-time system is described by the following
input-output relationship:
y(t) = [sin 6t]x(t)

Determine whether this system is Memoryless, Time invariant,
Linear, Causal and Stable?

e Memoryless?
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Linear, Causal and Stable?
e Memoryless?

e Yes
e Time invariant?
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Invertibility

Common Example

A continuous-time system is described by the following
input-output relationship:

y(t) = [sin 6t]x(t)

Determine whether this system is Memoryless, Time invariant,
Linear, Causal and Stable?

e Memoryless?

e Yes

e Time invariant?

e No
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Invertibility

Common Example

A continuous-time system is described by the following
input-output relationship:

y(t) = [sin 6t]x(t)

Determine whether this system is Memoryless, Time invariant,
Linear, Causal and Stable?

e Memoryless?

e Yes

e Time invariant?

e No

e Linear?
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Invertibility

Common Example

A continuous-time system is described by the following
input-output relationship:

y(t) = [sin 6t]x(t)

Determine whether this system is Memoryless, Time invariant,
Linear, Causal and Stable?

e Memoryless?

e Yes

e Time invariant?

e No

e Linear?

e Yes
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Invertibility

Common Example

A continuous-time system is described by the following
input-output relationship:

y(t) = [sin 6t]x(t)

Determine whether this system is Memoryless, Time invariant,
Linear, Causal and Stable?

e Memoryless?

e Yes

e Time invariant?
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e Linear?

e Yes

e Causal?
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A continuous-time system is described by the following
input-output relationship:
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e Yes

e Time invariant?
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e Causal?
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A continuous-time system is described by the following
input-output relationship:

y(t) = [sin 6t]x(t)
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e Yes

e Time invariant?
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e Linear?
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e Causal?
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Invertibility

Common Example

A continuous-time system is described by the following
input-output relationship:
y(t) = [sin 6t]x(t)

Determine whether this system is Memoryless, Time invariant,
Linear, Causal and Stable?

e Memoryless?

e Yes

e Time invariant?

e No

e Linear?

e Yes

e Causal?

e Yes

e Stable?

e Yes
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Common Example

A Discrete-time system is described by the following
input-output relationship:
y(n) = x(n) +

Determine whether this system is Memoryless, Time invariant,
Linear, Causal and Stable?

e Memoryless?

Invertibility
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Common Example

A Discrete-time system is described by the following
input-output relationship:

y(n) = x(n) +

Determine whether this system is Memoryless, Time invariant,
Linear, Causal and Stable?

e Memoryless?

e Yes

Invertibility
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Common Example

A Discrete-time system is described by the following
input-output relationship:

y(n) = x(n)+n
Determine whether this system is Memoryless, Time invariant,
Linear, Causal and Stable?
e Memoryless?
e Yes
e Time invariant?

Invertibility
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e Time invariant?

e No
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input-output relationship:
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e Time invariant?
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A Discrete-time system is described by the following
input-output relationship:

y(n)=x(n)+n

Determine whether this system is Memoryless, Time invariant,
Linear, Causal and Stable?

e Memoryless?

e Yes

e Time invariant?

e No

e Linear?

e No

Invertibility
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A Discrete-time system is described by the following
input-output relationship:

y(n)=x(n)+n

Determine whether this system is Memoryless, Time invariant,
Linear, Causal and Stable?

e Memoryless?

e Yes

e Time invariant?

e No

e Linear?

e No

e Causal?

Invertibility
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A Discrete-time system is described by the following

input-output relationship:
y(n)=x(n)+n

Determine whether this system is Memoryless, Time invariant,
Linear, Causal and Stable?

e Memoryless?

e Yes

e Time invariant?

e No

e Linear?

e No

e Causal?

Invertibility

e Yes
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A Discrete-time system is described by the following
input-output relationship:

y(n)=x(n)+n

Determine whether this system is Memoryless, Time invariant,
Linear, Causal and Stable?

e Memoryless?

e Yes

e Time invariant?

e No

e Linear?

e No

e Causal?

Invertibility

e Yes
e Stable?
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A Discrete-time system is described by the following
input-output relationship:

y(n)=x(n)+n

Determine whether this system is Memoryless, Time invariant,
Linear, Causal and Stable?

e Memoryless?

e Yes

e Time invariant?

e No

e Linear?

e No

e Causal?

Invertibility

e Yes
e Stable?
e No
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not depend on when an input was applied. These
properties make LTI systems easy to represent and
understand graphically.
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e Used to predict long-term behavior in a system
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LTI systems
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A class of systems used in signals and systems that are
both linear and time-invariant

e Linear systems are systems whose outputs for a linear
combination of inputs are the same as a linear
combination of individual responses to those inputs.

e Time-invariant systems are systems where the output does
not depend on when an input was applied. These
properties make LTI systems easy to represent and
understand graphically.

e Used to predict long-term behavior in a system

e The behavior of an LTI system is completely defined by its
impulse response
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Impulse Function

The discrete version of impulse function is defined by
1, n=0
o(n) = { 0, n#0
The continuous time version of impulse function,

0={ 5 t 70
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Impulse Response

e The impulse response” of a system, h[n], is the output
that it produces in response to an impulse input.
Definition: if and only if x[n] = d[n] then y[n] = h[n]
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Impulse Response
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e The impulse response” of a system, h[n], is the output
that it produces in response to an impulse input.
Definition: if and only if x[n] = d[n] then y[n] = h[n]

e Given the system equation, the impulse response can be
found out just by feeding x[n] = d[n] into the system.
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Impulse Response Example

e Consider the system
yln] = 5(xln] + xln — 1)
e Suppose we insert an impulse:
x[n] = &[n]

e Then whatever we get at the output, by Definition, is the
impulse response. In this case it is

0.5, n=0,1
0, otherwise

Al = 50001+ 600~ 1) = {
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Convolution Sum

Input x[n] Qutput y[n]

LTI system

] sl = x[n]* h[n] = h[n]* x[n]

where, h[n]=impulse response of LTI system
x[n]=Input Signal
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Input x[n] Qutput y[n]

LTI system
] sl = x[n]* h[n] = h[n]* x[n]

where, h[n]=impulse response of LTI system
x[n]=Input Signal

o0

ylnl= Y x[Klh[n— K]

k=—o00
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Convolution Sum

Input x[n] Qutput y[n]

LTI system
] sl = x[n]* h[n] = h[n]* x[n]

where, h[n]=impulse response of LTI system
x[n]=Input Signal

o0

ylnl= Y x[Klh[n— K]

k=—o00

e input-excitation output-response
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Convolution Sum Example

Find the response y[n] of following LTI system.

x(m)=[0,1,2,3,1,0] and h(n)=[0,1,§,z,0]
{
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Convolution Sum (Graphical method)




Convolution Sum (Graphical method)

—

-
I
1= g
. -3
@
oy
o
—]
]
\|1|.|O
o o4
= T
= o
= h
b
o
¥y
-
-
o
—_— o
o
o
i
po
Yol
- 7
1l
=]



Convolution Sum (Graphical method)

(1

k

e

o

o

—

—ec
x

= T

= o

= )

b

§ oo

oy

-

— o

o
=

po

2 3

- ;
1l
=]

itk |,
3 i
Al
F]

ik

m

@
()



Convolution Sum (Graphical method)
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Ripal Patel

Convolution Sum

Convolution Sum (Graphical method)
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y(n) = [...0, 1,£T1,9, 11,8,2,0,..]]
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h(n) is starting from -1 index np=-1
ni + np = —1, range of n=-1to 4



19EC34

Convolution Sum (Analytical method)

e Size of x(n)=A=4, Size of h(n)=B=3
Length of y(n)=A+B-1=4+3-1=6

e x(n) is starting from 0 index n;=0
h(n) is starting from -1 index np=-1
ni + np = —1, range of n=-1to 4

e For n=-1
3

y[=11 = x[kIh[-1— K] =
k=0
x[0]A[~1] + x[1]A[—2] = (1x1) + (2x0) = 1
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Convolution Sum (Analytical method)

Ripal Patel

e Size of x(n)=A=4, Size of h(n)=B=3
Length of y(n)=A+B-1=4+3-1=6

e x(n) is starting from 0 index n;=0
h(n) is starting from -1 index ny=-1
ni + np = —1, range of n=-1to 4

e For n=-1 s
y[=11 = x[Kh[-1— K] =
k=0
x[0]h[—1] + x[1]h[—2] = (1x1) + (2x0) = 1
e For n=0 s
y[0] = x[k]h[0 — k] =
k=0

x[0]h[0]4+x[1]A[—1]+x[2]h[—2] = (1x2)+(2x1)+(3x0) = 4
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Ripal Patel

Convolution Sum (Analytical method)

Size of x(n)=A=4, Size of h(n)=B=3
Length of y(n)=A+B-1=4+3-1=6
x(n) is starting from 0 index n;=0
h(n) is starting from -1 index ny=-1

ni + np = —1, range of n=-1to 4
For n=-1
3
y[=11 = x[Kh[-1— K] =
k=0

x[0]A[~1] + x[1]A[—2] = (1x1) + (2x0) = 1

For n=0
3

ylol = 3" x[k]A0 — K] =
k=0
x[0]h[0]4+x[1]A[—1]+x[2]h[—2] = (1x2)+(2x1)+(3x0) = 4
Likewise for all the values of n
y(n) = [...0, 1,£T1,9, 11,8,2,0,...]
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Convolution Sum (Analytical method)

xi(n) = [%,2,3]
X2(n) = [%7 1a4]

[e.9]

vl = 3" xalkleln ]

k=—00

e Size of x1(n)=A=3, Size of xo(n)=B=3
Length of y(n)=A+B-1=3+43-1=5
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Convolution Sum (Analytical method)

xi(n) = [%,2,3]
X2(n) = [%7 1a4]

[e.9]

vl = 3" xalkleln ]

k=—00

e Size of x1(n)=A=3, Size of xo(n)=B=3
Length of y(n)=A+B-1=3+43-1=5

e x1(n) is starting from 0 index n;=0
x2(n) is starting from 0 index n,=0
ny + np =0, range of n=0 to 4
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Convolution Sum (Analytical method)

e For n=0

2
yl0 =) xlkbel-K =
k=0

x[0]x2[0] + x1[1]x2[—1] + x1[2]x2[—2]
= (1x2) + (2x0) + (3x0) = 2
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Convolution Sum (Analytical method)

e For n=0

2
yl0 =) xlkbel-K =
k=0

x[0]x2[0] + x1[1]x2[—1] + x1[2]x2[—2]
= (1x2) + (2x0) + (3x0) =2
o Likewise for all the values of n y(n) = [%,5, 12,11,12]
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The End
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