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The output of the pulse generator X(t),is given byThe output of the pulse generator X(t),is given by
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PPgg(t) is the basic pulse whose amplitude (t) is the basic pulse whose amplitude aakk depends on depends on 
.the .the kkthth input bitinput bit
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5.2.1 Baseband pulse shaping

The ISI can be eliminated by proper choice 
of received pulse shape pr (t).

Doe’s not Uniquely Specify Pr(t) for all 
values of t.



20

�
�
�

≠
=

=

<=+�
∞

−∞=

0nfor0
0nfor1

)nT(pThen

T2/1fforT)
T
k

f(Pif

br

k
bb

b
r

      

      
     

                

� �

�

∞

−∞=

+

−

∞

∞−

π=

π=

k

T2/)1k2(

T2/)1k2(
rr

rr

b

b

df)ft2jexp()f(p)t(p

df)ft2jexp()f(p)t(p

TheoremTheorem

ProofProof

To meet the constraint, Fourier Transform Pr(f) of Pr(t), shouldTo meet the constraint, Fourier Transform Pr(f) of Pr(t), should
satisfy a simple condition given by the following theoremsatisfy a simple condition given by the following theorem
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The condition for removal of ISI given in the theorem is calledThe condition for removal of ISI given in the theorem is called
NyquistNyquist (Pulse Shaping) Criterion(Pulse Shaping) Criterion
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The Theorem gives a condition for the removal of ISI using a Pr(The Theorem gives a condition for the removal of ISI using a Pr(f) withf) with
a bandwidth larger then rb/2/. a bandwidth larger then rb/2/. 

ISI canISI can’’t be removed if the bandwidth of Pr(f) is less then rb/2.t be removed if the bandwidth of Pr(f) is less then rb/2.
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Rate of decay
of pr(t)

Shaping filters

pr(t)

Particular choice of Pr(t) for a 
given application

The smallest values near Tb, 2Tb, The smallest values near Tb, 2Tb, ……
In such that timing error (Jitter)In such that timing error (Jitter)

will not Cause large ISIwill not Cause large ISI

Shape of Pr(f) determines the easeShape of Pr(f) determines the ease
with which shaping filters can be with which shaping filters can be 

realized.realized.
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A Pr(f) with a smooth roll A Pr(f) with a smooth roll -- off characteristics is preferable off characteristics is preferable 
over one with arbitrarily sharp cut off characteristics.over one with arbitrarily sharp cut off characteristics.

Pr(f)Pr(f) Pr(f)Pr(f)
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In practical systems where the bandwidth available for In practical systems where the bandwidth available for 
transmitting data at a rate of transmitting data at a rate of rrbb bitsbits\\sec is between rsec is between rbb\\2 to 2 to rrbb

Hz, a class of pHz, a class of prr(t) with a (t) with a raised cosine frequency raised cosine frequency 
characteristiccharacteristic is most commonly used.is most commonly used.
A raise Cosine Frequency spectrum consist of a flat amplitude poA raise Cosine Frequency spectrum consist of a flat amplitude portion and a roll off rtion and a roll off 
portion that has a sinusoidal form.portion that has a sinusoidal form.
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raised cosine frequency characteristicraised cosine frequency characteristic
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The BW occupied by the pulse spectrum is The BW occupied by the pulse spectrum is B=rB=rbb/2+/2+ββββββββ. . 
The minimum value of B is rb/2 and the maximum value is The minimum value of B is rb/2 and the maximum value is rrbb..

Larger values ofLarger values of ββββββββ imply that moreimply that more bandwidth is required for a bandwidth is required for a 
given bit rate, however it lead for faster decaying pulses, whicgiven bit rate, however it lead for faster decaying pulses, whichh
means that synchronization will be less critical and will not means that synchronization will be less critical and will not 
cause cause 
large ISI.large ISI.

ββββββββ =rb/2 leads to a pulse shape with two convenient properties. =rb/2 leads to a pulse shape with two convenient properties. 
The half amplitude pulse width is equal to Tb, and there are zerThe half amplitude pulse width is equal to Tb, and there are zero o 
crossings at t=3/2Tb, 5/2Tbcrossings at t=3/2Tb, 5/2Tb……. In addition to the zero crossing. In addition to the zero crossing
at Tb, 2Tb, 3Tb,at Tb, 2Tb, 3Tb,……......

SummarySummary
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5.2.25.2.2

Optimum transmitting and receiving Optimum transmitting and receiving 
filtersfilters

pulse shaping noise immunity

HT ,HR

The transmitting and receiving filters are chosen to provideThe transmitting and receiving filters are chosen to provide
a propera proper
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)22exp()()()()( drcRTg ftjfPKfHfHfp π−=

--One of design constraints that we have for selecting  the filterOne of design constraints that we have for selecting  the filters s 
is the relationship between the Fourier transform of pis the relationship between the Fourier transform of prr(t) and (t) and 
ppgg(t).(t).

In order to design optimum filter Ht(f) & Hr(f), we will assume In order to design optimum filter Ht(f) & Hr(f), we will assume that Pr(f), that Pr(f), 
Hc(fHc(f) and Pg(f) are known. ) and Pg(f) are known. 

Where tWhere tdd,  is the time delay ,  is the time delay KcKc normalizing constant.normalizing constant.

Portion of a Portion of a basebandbaseband PAM systemPAM system
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If we choose Pr(t) {Pr(f)} to produce Zero ISI  we are left If we choose Pr(t) {Pr(f)} to produce Zero ISI  we are left 
only to be concerned with noise immunity, that is will chooseonly to be concerned with noise immunity, that is will choose

HHTT(f) (f) HHcc(f(f) H) HRR(f)(f)PPgg(f)(f) PPrr(f)(f)

{ } { } effects noise of minimum      �)f(Hand)f(H RT
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Noise ImmunityNoise Immunity

Problem definition:Problem definition:

For a givenFor a given ::
••Data Rate Data Rate -- rrbb

••Transmission power Transmission power -- SSTT

••Noise power Spectral Density  Noise power Spectral Density  -- Gn(fGn(f))
••Channel transfer function  Channel transfer function  -- Hc(fHc(f))
••Raised cosine pulse  Raised cosine pulse  -- Pr(f)Pr(f)

Choose Choose 

{ } { } effects noise of minimum      �)f(Hand)f(H RT
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Error probability CalculationsError probability Calculations
At the At the mm--thth sampling time the input to the A/D is:sampling time the input to the A/D is:
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RatioNoisetoSignal
N
A

0

         =

PPerrorerror decreases as decreases as 0N/A increaseincrease

Hence we need to maximize the signalHence we need to maximize the signal
to noise Ratioto noise Ratio

Thus for maximum noise immunity the filter transfer functions HThus for maximum noise immunity the filter transfer functions HTT(f)(f)
and Hand HRR(f) must be chosen to maximize the SNR(f) must be chosen to maximize the SNR
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Optimum filters design calculationsOptimum filters design calculations

We will express the SNR in terms of HWe will express the SNR in terms of HTT(f) and H(f) and HRR(f) (f) 

We will start with the signal:We will start with the signal:

�
∞

−∞=

−=
k

bgk kTtpatX )()(

{ }
b

2

g
2

2
k

b

g
X T

)f(pa
aE

T

)f(p
)f(G ==

The The psdpsd of the transmitted signal is given by::of the transmitted signal is given by::

)f(G)f(H)f(G X
2

TX ⋅=



42

df)f(H)f(P
TK

A
S

df)f(H)f(P
T
a

S

2
T

2

g
b

2
c

2

T

aKA
aKA

2
T

2

g
b

2

T
c

kck

�

�

∞

∞−

=
=

∞

∞−

⋅==

=⋅=

And the average transmitted power ST isAnd the average transmitted power ST is
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The average output noise  power of nThe average output noise  power of n00(t) is given by:(t) is given by:
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The SNR we need to maximize is The SNR we need to maximize is 
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Using SchwartzUsing Schwartz’’s inequality s inequality 
2
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The minimum of the left side The minimum of the left side equaityequaity is reached whenis reached when

V(f)=const*W(f)V(f)=const*W(f)
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  whenminimized is 2γ

constant positivearbitrary  anK
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The filter should have The filter should have alinearalinear phase response in a total time delay of tdphase response in a total time delay of td
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Finally we obtain the maximum value of the SNR to be:Finally we obtain the maximum value of the SNR to be:
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For AWGN with For AWGN with 

andand

ppgg(f) is chosen such that it does not change much over the (f) is chosen such that it does not change much over the 
bandwidth of interest we get. bandwidth of interest we get. 
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Rectangular pulse  can be used at the input of HRectangular pulse  can be used at the input of HTT(f).(f).
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