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*s* Noise in CW Modulation System



Noise in CW Modulation System

®5.1 Introduction
® . Receiver Noise (Channel Noise) :

. additive, White, and Gaussian 2 & JI &

®5.2 Receiver Model

® 5, RX Model
° Modulated
signal Output

s(e) + Band-pass x(t) signal

filter ——3= Demodulator p———3e

Moise
wit)

Figure 5.1 Noisy receiver model.

- w(t):additive, white, and Gaussian, power spectral density :%
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® N, =KT, where K = Boltzmann'’s constant

" T, = equivalent noise Temp.

Average noise power per unit bandwidth




® - Band Pass Filter (Ideal case) +Suis Sno
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Figure 5.2 Idealized characteristic of band-pass fil-

tered noise.
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= w(t) n(t)

® . filtered noise as narrow-band noise
® n(t) = n(t)cos(2nft) - ny(t)sin(2mf t)

° where n(t) is inphase, n(t) is quadrature component

® - .. filteredsignal x(t)
®  x(t)=s(t) + n(t)

® - Average Noise Power = N B,

average power of the modulated signal s(t)
average power of the filtered noise n(t)

.' (SNR), =

average power of the demodulate d message signal |

average power of the noise |receiver
output
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® -5(t) by each system has the same average power
® -noise w(t) has the same average power measured in the message
° BW =W

® 1) Channel SNR

Message signal with Low-pass filter
the same power as the of bandwidth W f—> Output
modulated wave + o

w(t)

average power of the modulated signal |

(SNR)C = S
average power of the noise in the message BW\f‘etceiver
input
. . (SNR),
Figure of merit=-———
o 2) (SNR)C
®Noise in DSB-SC Receivers
°
DSB-SC  + Band-pass | ¥1t)| Product vit) Low-pass
signal fiter 21 modulator [~ filter (o)
st +
Noise T cos (2mf.t)
wit)
Local
oscillator




s(t) = CA cos(2r f-t)m(t)
where C : scaling factor
Power spectral density of m(t): S,,(f)
W :message bandwidth

Average signal power
P=[ X Su( df
C*AZP

Average power of s(t)=

Average noise power =2W x N—2° = WN,

(baseband)

C*AZP
2WN,

(SNR)C,DSB =

- X(t) = s(t) +n(t)
=CA cos(2r fot)m(t) +n,(t) cos(2n fot) —ng (t) sin(2r fet)
- V(t) = x(t)cos(2n f.t)

=5 (S%\UR)@I) + % n(t)+ % [CAm(t) +n,(t)]cos(4n ft) - %ACnQ(t)sin(mt fat)

Soy(t) = % CA-mM(t) +%n|(t)




C2AZP

- Average signal power =

- Average noise power = %(Z\I\I)N0 = %WN0 (passband)

" Power(n,(t)) = Power of band pass filtered noise n(t) = 2WN,
C?A2P/4 C2AZP
WN,/2  2WN,
.. Figure of merit
(SNR), _1
(SNR)c DSB-SC

- " (SNR)g =

o 5T HAE B R c0h(
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= m(t) and m(t) are uncorrelated
= their power spectral densities are additive
e m(t) and m(t) has the same power spectral density

C°AZP - C*AZ P _ C°ACP
4 2 4 2 4
(half of DSB)
- Average noise power = WN, (.- message BW 2} 2| Noise) (baseband)
C°AZP
AWN,

- Message power =

(SNR)C,SSB -
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Combined output

y(t) = %CACm(t) + %nl(t) cos(m Wt) + %nQ(t) sin(m Wt)

Average signal power = % CZAéP

Average noise power = 1WN,  TWNp _ }WNO (passband)
4 2 4 2 4

C°AZP
AWN,

(SNR)O,SSB .

(SNR)q
(SNR)c s

Figure of merit =1 sameasDSB-SC

AM signal
s(t)=Ac[1+k m(t)lcos(2r f.t)

®5.4 Noise in AM Receiver

- Average signal power = AZ(1+k2P)/2

[
- Average noise power = WN, < (2W x%)
(SNR)w 51r = AZ(1+KkzP)
CAN 2WN,

- Filtered signal
X(t) =s(t)+ n(t)
=[Ac +Ack,m(t) +n (H)]cos(2r ft) - ng (t)sin(2r fct)
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Figure 5.6 Noisy model of AM receiver.

y(t) = envelop of x(t)
1
= {Ac +Ackm® +n ()] +n3 ()2
Assume Ac[1+k,m(t)] >> n(t),ng(t)
y(t) = Ac + Ack,m(t) +n,(t) ==

Resultant y(t)

A2K2P S
- (SNR)O,AM = 2W§|0 AL+ hom(0)] ny(t)
~ o AV carrier power > Avg noise power
3N k,< 1
2
- Figure of merit SNR)o =~ kaPZ <1
(SNR)c |,y  1+Kk5P

2
= ef)@)%Sm@ter-ﬁI;oneM(ﬁ?UIatlon
S(t) = Ac[1+u cos(2r ft)jcos(2r f-t) where p =k, A,
(SNR)o| _ keAm _ '’
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B Threshold Effect

® Carrier-to-noise <1
® narrow-band noise n(t)

n(t) = r()cos[2m fc (1) +w(t)]
where r(t) is envelope, w(t)is phase

X(t) = s(t) + n(t)
=Ac[1+k,m(t)]cos(2r f.t) + r(t)cos(2r f-t +w(t))

Resultant y(1)
SZ AL + km(t)]
——— _—

r(t) }

y(t)

y(t) = r(t) + Ac[1+k m(t)]cos[w(t)]
= r(t) + Accosfw(t)] + Ack m(t)cosfw(t)]
where w(t) is uniformly distribute d over [0,27 ]

= complete loss of informatio n

® Threshold Effect : loss of message in an envelope detector
that

° operates at a low CNR.
[




®Noise in FM Receivers

FM signal
g Band-pass
s(t) )
+ filter
+

x(t) v(t)
= Limiter =3 Discriminator e

Baseband
low-pass
filter

Qutput
signal

MNoise
wit)

® w(t): zero mean white Gaussian noise with psd = No/2
® s(t):carrier=f, BW=B; = (f +B¢/2)

- BPF : [f. - By/2 ~ f. + B{/2]
- Amplitude limiter : remove amplitude variations
by clipping and BPF

- Discriminator

® slope network or differentiator : varies linearly with frequency

® envelope detector

- Baseband LPF:

- FM signal

- Filtered noise

S(t) = A cos[2r ot + 2r k¢ [ §m(t)dt]

O(t) = 2 k¢ J sm(t)dt

S(t) = Ac cos[2r f-t +P(t)]

n(t) = n,(t)cos(2n fct) + ng () sin(2r f.t)

=r(t)cos[2r f-t +y(t)]

r(t) = (0, ()% + (g (1))?
4 (\‘ll:\h’\el’e

n(t)

y(t) = tan 1{”‘?—(0}



SoX(0) = s() +n(t)
= A cos[2n f-t +d(t)] +r(t)cos[2r f-t +y(t)]

Resultant
8(1) — o) ri)
A, ;T

Vit —ole)

where O(t) =q>(t)+tan'1{ r(t) sinfy(t) - (1) }
Ac +r(t)cosfw(t) —d(t)]

Assume A >> r()

o) = o) + ()sm[qf(t) ()]

= 2k, gm(t)ct + Aﬁ )sinfu(t) -0 ()]
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® Pre-emphasis and de-emphasis in FM

® P.S.D. of noise at FM Rx output

Sn, N
Pre-emphasis + De-emphasis
" FM FM N Message plus
(i) =g filter - . h - filter =4 !
Hp]t.ﬂ transmitter receiver Hy(f) noise

+ W

wit)

Figure 5.17 Use of pre-emphasis and de-emphasis in an FM system.
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