KECE321 Communication Systems I

(Haykin Sec. 2.6 and Ziemer Sec. 2.7)

Lecture #7, March 26, 2012
Prof. Young-Chai Ko
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Review

® Fourier transform

X(f) = /OO x(t)e 72Tt dt

— OO

x(t) = /_OO X(f)e??™It d¢

® Impulse function
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| t
21_13(1) Krect (K) = (1)

/OO St)=1c— > 6(t)-e=1

-

For kA <t < (k+1)A
we approximate (1) as
r(kA)-6(t — kEA)A
for A — 0




r(t)~ Y x(nAt)d(t — nAt)At, At << 1

n=——aoo
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Summary

® Linear Time-Invariant (LTI) Systems
Time response
Frequency response
® Convolution theorem
m Filter
Low-pass filter
Band-pass filter

High-pass filter




System Response

Time response

z(t) » System

Frequency response
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Linear Time-Invariant (LTI) System

® Linear system if

= a1y1(t) + aya(1)

M|

y1(t)

—

y2(t)

11 (t) —+ o9 (t)

—

M|

® Time invariant system if y(t — to) = H[z(t — to)]

x(t)—

Hl|

—y(t)

y(t) = Hla1z1(t) + aewa(t)] = arH[z1(t)] + Hlwa (1))

a1y (t) + azya(t)

ZB(t — t())——>

——y(t — to)




Impulse Response to LTI System

® Impulse response

| ;zs,[t?ms _}@

Impulse response

Impulse signal

m Response of linear sum of the impulse signals with time shift

z(t) = a10(t — t1) + a2d( 2)—)LTI Systems—) y(1) = arh(t —t1) + ash(t — to)

Hl |
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® In more general, we have the following relation in the LTI system:

r(t) =Y and(t —t,) —>

LTI Systems

— y(t) = a,h(t —t,)

m Recall the definition of the impulse response

-/

(NSt — ) dX

Approximation the integral as a sum:

x(t) ~

@)

Y z(nADs(t — nAt)At, At << 1

n=——oo
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t;
0
*’*¢'A-‘A' 5 ﬁ ~“~~-.. Area p— aj(l{,‘At)At
¢¢"’ .* -------
—At 0 At 2At 3At 4At kAt t:

@)

r(t)~ Y  x(nAt)s(t —nAt)AL, At <<1

n=——oo




T(t) ~ i r(nAt)d(t — nAt) At ————>

n—=——oo

LTI Systems

H |

S ——71())

t) = 1 (1) = 1
y(t) = lim 5(t) = lim|

/.

- /OO 2(\A(t — ) dX

— OO

By change of variable such as ' =t — )\, we can show that

y(t) = /OO 2t — A)h(\) dA

i r(nAt)h(t — nAt)At

nN=—oo

A A dA
r(nADA(




Convolution

® Definition of Convolution

®m Signal response by convolution operation

r(t) —

LTI Systems
h(t)
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Example:

t
5(t) — ML ~
(t) rect (T)

Systems
W h(t)
" T T t
2 2
. . . ¢
What is the output response for the input signal x(¢) = rect (T) 7




z(t — A)

. .
y(1) = (1) = h(t) = / (N a(t — A) dA
ﬂHt+§<—§,mﬂmJ<—T
y(t) =0
T T T
2) It —§§t+§<§,thatis, -T<t<0
y(t) =
= >\
t— 5 T

no | N

t+ 1T
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z(t — A) B\

)
T T
t—5 L+ _%
T T T .
If —= <t— = <= ,thatis, 0<t<T
2 2 "2
T
2
y(t):/ dt
;)\ t_%
s
t_z t+§
2
4)If t>T,
y(t) =0
> )\
g i+

no | N

=T —1{
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t+T, —T<t<O0
t—1T, 0<t<T
0, otherwise

y(t) =

124 3

[l

ne

fli

kO
ne



Convolution Theorem in Fourier Transtorm

® Convolution theorem

21 (1) * 2o (1) = /_OO 1 (N2t — ) d = /_OO 21 (t— Naa(\) dA

< 0, X1(f)Xa2(f)
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Proof:

1 (t) * 22(1)

ot — A) = / Xz(f)ej%f(t_M dA

/ T (Nt — A) dA




Frequency Response in LTI Systems

® Frequency response

O(t) —— . LII > h(t)
H(J) = FIn) e

x(t) * h(t) -~ X(f)H(f)
LTI LTI
r(l)— stem stem
i H()

Equivalent
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Example:

(1)
h(t)
{
T T -
DY 2 T T " 1
2 2

Find Y(f) .
Sol:

X(f) = H(f) = Tsine(T )

Hence, we have

Y(f) = X(P)H(f) = (Tsinc<TF>)2




Low-Pass/Pass-Band/High-Pass Filter

Low-pass filter High-pass filter
HLP(f) Hpp (f)
f
_fcut 0 fcut _fcut 0 fcut

Pass-band filter
Hpp(f)

_fcutZ _fcutl 0 fcutl fcut2
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Example:

—5500 5500 i
Hrp(f)
1
~1000 1000 '
Draw the amplitude spectrum of Y (f).
19
b
~._—1 > f [Hz]
—1000 1000
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