7.8 Output signal-to-noise
ratios for analog systems
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Output SNR for analog system

In this section, we will evaluate the output signal-to-noise
ratios for analog systems (AM, DSB-SC, SSB, PM, FM)

For systems with additive noise channels the input to the
receiver is

r(t) =s(t) + n(t)

For bandpass communication systems having a transmission
bandwidth of B,

r(t) = Refg, (t)e %) 1+ Relg, (t)e %) |
~Re{[9,(1) + g, (O] &/}

Or r(t)=Rejg; (e
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Output SNR for analog system

where g (1) =9g,(t)+g,(t)
=[x, (t) + X, ()] + J[Yy, () + Yy, ()]
= X; (1) + Jy; (1)

_ RT (t)ejé’T(t)
To compare the SNRs for various types of bandpass systems
(AM, DSB-SC, SSB, PM, FM),

assume:
®The power of the modulated signals at the inputs of
these receivers is set to the same value P, the bandwidth

of the baseband modulating signal is B.

®The PSD of the input noise is N,/2 e iaean
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Output SNR for analog system

Comparison with baseband systems

Common measurement criterion

The received signal power P, divided by the amount of
power in the white noise that is contained in a bandwidth
equal to the message bandwidth.

(Vo W
N baseband NOB
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““AM systems with product detection

The output of the product detector is:
M(t) = R.{gs ()= A + Am(t) + X, (t)

r(t) = s(t) + n(z) = Rc{_g_!_(r) el(@d + b)) Product detector
TR R iR R |
1 I
Modulated signal IF filter | i mip) =
plus noise in Band 2B, for AM and | Low-pass (Re{gr (1)}
o Bt | Tpspsc” | e (O e
WICK2 = \ B, for SSB | Bandwidth = B 4S/N)__
| | ’
I x ,
| |
m(t)=s(t) Baseband r)=s(t)+n(t) : |
—  SySteN — | 2cos(wt + 6,) 1
[
B ________________________
Figure 7-19 Coherent receiver.
The baseband SNR The intput SNR The output SNR
(S/N)baseband (S/N)in (S/N)out
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The output SNR Is:

(i) COAImMA(t)  AZmA(t)
N .. xﬁ(t) 2N,B

(S/N)y,  2m’
(S/N)i,  14+m?

(S/TN),u m?

(S/N)baseband B 1"‘?
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AM systems with envelope detection

r(t) = s(t) + n(z) RL{L{ (1) efl@ct *

Modulated signal IF filter
plus noise in ) 2B, for AM and ) }
> sand | DSB-SC
WIS = \ B, for SSB S/N)

(b) Waveforms Associated with the Diode Envelope Detector

The output of the envelope detector is:

m(t) = KR; (t) = K\[A0+Acm(t)+>< (O1+ Ly, ]

.iéﬂﬁ,}-@
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“For the case of large (S/N);,:

The detector output power Is:

[KR, ()] = (KA.)? + K>AZm? + K 2x2

The output SNR is:

(ij M APm?
2
out .

N X2

For large (S/N).,, the performance of the envelope detector
IS Identical to that of the product detector
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“For small (S/N);.:
The detector output is:

KR; (t) = K|g; ()| =

|

For small (S/N), <1: imaginary

KRy (t) ~ K{A[1+m(t)]cos 6, (t) + R, (1)}

,f
/ /
/'/ \

jo, (t)‘

gs(1) = AJ1 + m(t)}

—h’

/\
7/— — g7(t) = R,(t)e’

Real ———p-

Figure 7-20 Vector diagram for AM, (S/N)i, < 1.
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DSB-SC system

- ! (t t Rc{_g’(.{r Product detect
ittt
Modulated signal IF filter : : ”';;': _,
plus noise in Band 2B, for AM and \‘. I ]_,0\\'—1);155 | Re 87 (1)}
and- R_QC ! S Ree |l e——
- it [‘)SB ‘S( —f—»@—» hl.lu | —
B, for SSB J [ Bandwidth = B (S/N),,

\ J |
. | |
| |

| I

I I

| I

coslw |

DSB-SC signal : g.(t) = A.m(t)
noise : 9, (t) = X, (t) + Jyn (t)
signal + noise : g, (t) = [Acm(t) + X (t)]+ 1y, (t)

The output of the product detector is:
m(t) = R, {g: (1) = Am(t) +x, (t)
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DSB-SC system

The SNR for DSB-SC Is:

(ij _AZm? (1)
N /. 2N,B
(S/N)gy _
(S/N)m

(S/N)
(S / N )baseband

The noise performance of a DSB-SC system is the same
as that of basedband signaling system, although the
bandwidth requirement is twice as large (i.e., B:=2B)
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The receiver for an SSB signal:

i
!
Modulated signal IF filter |
plus noise in Band- 2B, for AM and | Low-pass
o Band- | pep ge —¢—>®—> filter
Width =\ B for SSB | Bandwidth = B

Figure 7-19 Coherent receiver.

The output of the product detector is:
m(t) = R.{gr (1)} = Am(t) +x, (1)
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The output SNR is:

(gj _AImME(t) _ APm(1)

N X (t) N,B
(S/N)aw _ 4 (S/N)yy
(S /' N )in (S / N)baseband

« SSB Is exactly equivalent to baseband signaling, in terms of

both the noise performance and the bandwidth requirement
(1.e., B.=B)

e DSB, SSB and baseband signaling systems are all equivalent
In output SNR.
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The receiver for an PM sighal:

ro(t) =/ gr(t), for PM

Angle modulated . ~ d|gr(1)

signal plus noise r(t) = Re{g (1) el e rolt) = - d ke
\ll\ \lllll'.
'\ '|II
) . \ Low-pass )
IF filter jram Detector  |_\ filter —_—
Bandwidth = By (PM or FM) - Bandwidth = B

Figure 7-21 Receiver for angle-modulated signals.

The complex envelope at the detector input is:

g; (t) =|g; ()’ =[g,(t) + g, )]
_ Acejes(t) +R (t)ejen(t)
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The phase detector output is proportional to ¢ (t)

|

gn(t) = R, (t)et(®)

ro (t) = Kég_l_ (t) — K 9_'_ (t) Imaginary ?” 6 — 0
(1) 4 e b1 n \
/\// »
il

Figure 7-22 Vector diagram for angle modulation, (S/N);, > 1.

For A >>R,(t), the composite phase angle Is approximated by

R, (1)
A

r(t) = Ko, (t) ~ K{HS (t) +

1o

sin[@, (t) - 6, (t)]}
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For large (S/N)
output Is approximated by

o (t) = o (t) + N (t)

where  sy(t) = Ko, (t) = KD m(t)

the relevant part of the PM detector

in?

o (t) = % Y, (t)

c

The PSD of the output noise ny(t) is:

KK2
o () ENO’ | f|<B; /2
no :<

0, f otherwise

.
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P (1

AZ(t) —)

I
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o
S
—~~
—
—r
Q.
—y

-B By -B B B,
-F _T i S—
2 K 2 N B (a) PM Detector
- 2 Paolf
l
=5 -B B By
_: ™ —_—

(b) FM Detector

Figure 7-23 PSD for noise out of detectors for receivers of angle-modulated
signals.

Using Eqgs. (5-46) and (5-47), we can write the sensitivity constant of the PM transmitter
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The output SNR is:

T N

Because D, =g, /V,

Thus, the output SNR becomes:

(s) A B (mIV )
N ). 2N,B
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The input SNR ro(t) = [ g7 (2), for PM

Angle modulated | o . dler(t)
signal plus noise r(t]N\ Relg (1) el = L) rolf) = o , for FM
ni '\Hﬁ
: \ \ Low-pass =0
IF filter \ L5 Detector ™ Flter =
Bandwidth = By (PM or FM) - Bandwidth = B

Figure 7-21 Receiver for angle-modulated signals.

(3} CAZ2 A
N In I\loBT 2|\IOBT

According to Carson’s rule: B =2(5,+1)B

(i) A
N ), 4Ny(B,+1)B

19 e Sk

ARSRETHER

Your site here



The ratio of output to input SNR:

(SIN)ay o o m)
SINY —2ﬂp(ﬂp+1)[vp]

The ratio of output to baseband SNR:

2
(S/N)y, Z,BZ m
(S / N )baseband i V

P

The improvement of a PM system over a baseband
signaling system depends on £ =4 ¢
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:I'he receiver for an FM signal:

ro(t) = | 81 (1), for PM

Angle modulated y el o dlgr(t)
signal plus noise r{t) = RC{\%’},-(") e\ et} rolt) = — , for FM

\ \

. \

.,\ :

: \ \ Low-pass = o
IF filter \ Detector \ 1) m|
e ———- : > e filter i
Randaagth = 5y (EM or EM): Bandwidth = B

Figure 7-21 Receiver for angle-modulated signals.

The complex envelope at the detector input is:

g; (t) =|g; (t)e’ " =[g,(t) + g, (t)]
_ Acejes(t) +R (t)ejen(t)
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The FM detector output is proportional to the
derivative of & (t)

r(t)_(Kjdng(t)_(KjdeT(t)
o 2x dt \ 27 dt

ng" R, (¢)

l \\ \
[maginary R sin( 6, — 6,

/\

// ,4,
\ Real ——»
Figure 7-22 Vector diagram for angle modulation, (S/N);, > 1.
t&#ﬂ*ﬁ
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For large (S/N), >>1, we can approximate the FM
detector output by

Ko (1) = So () + n, (t)
where ¢ :( K jd&s(t) :[KDf ]m(t)

27 dt 27

K 1dy,(t)

t) =

ol (277ch dt
For FM, the PSD of the output noise n(t) is:

FKZ
— N, f*, |f /2

p ()= Az o TS
- 0, f otherwise
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0= [p, (Ndf =

:g ﬁ NOBS

3\ A

P
|
- B; B B By
(a) PM Detector
@
np
By -B B B,
=t Lr r

(b) FM Detector

Figure 7-23 PSD for noise out of detectors for receivers of angle-modulated
signals.
Using Eqgs. (5-46) and (5-47), we can write the sensitivity constant of the PM transmitter
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The output SNR is:

(ij s 3A’[D, /(27B)]*'m?
N o A2 2N, B
Because D :ﬂ_f

278V,

Thus, the output SNR becomes:

( S j C3AZBE(mIV,)’
out

N 2N, B

25 Your site here

OLinury

ARSRETHER



The input SNR Is:

S AZ /2 A’

(Wj (N, /2)(2B;)  2N,B,

The transmission bandwidth B of the FM signal is given
by Carson’s rule:

B, =2(5; +1)B

Thus:
%), ma
N in - 4N0(ﬂf +1)B
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The ratio of output to input SNR:

(SIN)uy o 1o m)
STNT BB, +1)[ij

The ratio of output to baseband SNR:

2
S/N

( )out :3ﬂf2 ﬂ
(S / N )baseband Vp

For the case of sinusoidal modulation, (m/v,f =1/2,

(STN) gy 3 .
. ,Bf
(S / N )baseband 2
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(S/N)gu(dB)

60

50

20

10

Baseband

Lh

10 15 20 25 30
(S/N Jh_m;"l'!\!nul" dB)

Figure 7-24 Noise performance of an FM discriminator for a sinusoidal mod-
ulated FM signal plus Gaussian noise (no deemphasis).
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7.9 comparison of analog
signaling systems
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Comparison

-
Transmission
Bandwidth (S/N Jout
Type Linearity Required” (S/N )paseband Comments
Baseband I B 1 (7-84) No modulation
I
e
AM Ls 2B == (7-90) Valid for all (S/N )i, with
| Y T . ;
coherent detection; valid
above the threshold for envelope
detection and |m(z)| = 1
DSB-SC L 2B 1 (7-98) Coherent detection required
SSB L B 1 (7-105) Coherent detection required;
performance identical to
baseband system
o m\?
PM NL 2(B, + 1)B B’:’(V) (7-120) Coherent detection required; valid
P for (S/N )in above the threshold
=
m\2
FM NL 2(Br + 1)B 3)6%(1/) (7-130) Valid for (S/N )i, above the threshold
P
_ : o B\%2 [m\? ’
FM with deemphasis NL 2(Bs + 1)B B; = \v (7-140) Valid for (S/N )i, above the threshold
J1 P
PCM NL d M?2/(S/N paseband  (7-82) Valid for (S/N);, above the

threshold (i.e., P, — 0)
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Comparison

¢ For the case of large (S/N);,:

®The nonlinear modulation systems provide significant
Improvement in the noise performance.

®But the Improvement is obtained at the expense of
having to use a wider transmission bandwidth.

eFor small (S/N),.:

®The linear systems outperform the nonlinear systems.

®SSB is the best in terms of small bandwidth, and it has
one of the best noise characteristics at low input SNR.
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Comparison

70
-
FM with deemphasis
=5 JB) =12
i By=5, (B;/B) =12
Ideal
(By/B) =12
50 FM no deemphasis
B;=S5, (B;/B) =12
= 40
2
ﬁ V4
t" PCM with BPSK signaling
30 i
* Baseband (By/B) =12
\\
DSB \
SSB O\ \
20 | N e Vg
AM
(envelope
10 detection)
”
=< AM
,4’ (product detection)
”
0 le” I |
0 5 10 15 20 25 30 35
( S N Jh:urh:mll{ dB)
Figure 7-27 Comparison of the noise performance of analog systems.
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