AM and FM Noise Immunity (10)

« Telecommunication system with noisy transmission channel:
- AM - envelope detection

- FM - detection by phase angle detection
and differentiation

* Summary
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Transmission System with Noise
x(t) y(t)

—|ILPF -/ MOD | JIBPF }—

y(t)+ AWGN lc(t) _/&{/

Transmission

channel
_{iBPF| IDEMOD ILPF

y(t)+ ANGN I c(t) X(t)= x(t)+ noise

7/| :SNRl 7/0 :SNRO

SNR = (signal power )/(noise power)=S/N [dB]
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Transmission System Noise Immunity

y(t)+ AWGN(7)  y(t)+ANGN(7) %(t)= x(t)+ noise
— | IBPF] »| DEMOD
7, =SNR, =R /N, C(t) W o =SNR; =R, /Ng
W sz_ o,

m
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ANGN - Lowpass Representation

Additive Wideband Additive Narrowband
Gaussian Noise (AWGN) Gaussian Noise (ANGN)
] IBPF | .

2(t) n(t)

Sn(a)) AWGN, 77

aNen (W 0,

>
Lowpass representation
n(t) = n, (t)cos m,t — Ny (t)sin et

Lowpass representation of the ANGN consists of two lowpass noise
components (inphase comp. n((t), quadrature comp. nq(t)) modulating ,
carriers in quadrature.



ANGN — double sideband case — power

budget ( )
S (@
" W
| I i s
— ), + @),
S|(a)) SQ(CO)
21n
| W /2 W
— ), + @),

Lowpass representation allows for analyzing the detection proces in the
lowpass bandwidth (in the modulating signal bandwidth).
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AM system - envelope detection

n(t)

77 77NI /\\‘ !/\\ No
i) | IBPF |yu@ =] Seoee | [ =7 PR | S
Pam | Pam \, ; A ’/I P,
W, _2a)mh:?:|_, 7 :F,)Q\—“IA e(t) | | X(t)
“ “m Yo = o/No
e(f) =Ay | 1+ kx(?) |
Y o (1) = A4, [1+ kx(t)]cosm,t /\ (\
e(t)=| A1+ kx(t)] = Ao[1+ kx(t)} 1+ kx(t) > 0 Y

Y am (1) +0(t) = 45[1+kx(t)]cos myt +n, (t)cosa,t — N, (t)sinayt

Yo (D)4 0(0) = 1A, +KAX() + 1, (OF +nd(t) cos[ayt + o(t)]

-
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AM system - envelope detection

n(t)
\ s

77 7N,

[ = — 3| Envelope — | |ILPF+ | ——

Yam (£) IBPF Yam (1) _'> detector I' | dcout > Il >
/

During the envelope detection of the AM signal
the information signal and lowpass noise components get

mixed in a highly nonlinear way. ;
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Overthreshold Envelope Detection
(signal dominates noise)

Receiver output signal (dc out):

Linear approximation — Maclaurin power series:
f(x,y)~ £(0,0)+ f,(0,0)x+ f/(0,0)y,...x,y ~ 0
f(x,y;t):e(x:n,/AO,yan/Ao;t) 8
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Modulation Gain - AM

/4
I :K_7c/)| Wam =200, K =Wan/@n =2
1 1 — W 2
7/':P'/N| I:)I:F)AM:_'A‘g"‘_kzp\ozx2 N|:77 AM 11%m
2 2 g T
2 p2y2 -  2nw,
Yo =Fo/No P, =k“A; X N, =n’= .

The AM system (envelope
detection) provides
the modulation loss.
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Modulation loss - single tone AM

x(t) = acosa, t ¥2 — EaZ
2

9. = Yo _ kZF

AN KY, 1+k2X2

The single tone AM system (envelope
detection) provides the modulation loss.
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AM Noise Characteristics

AM noise Yo =97

characteristic 7o|dB]=10log g[dB]+ 7|dB]
I Yo [dB]

Lowpass

system
Yo [dB] = V:dB]

AM noise characteristic:
m Threshold effect,
= Modulation loss,

m Tradeoff 1: 1 (neutral) or 1: 2 (unfavorable)
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AM threshold effect

(overthreshold operation)
(unmodulated carrier transmission)

+Im

e(t)

Ny (t)

Ao | n, (t

Signhal dominates noise.
N, Ny << A
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AM threshold effect

(subthreshold operation)
(unmodulated carrier transmission)

“Im
o) D
/\ | | N, (’[{ Q:{e

A O

Noise captures the signal.
n,Ng >> A
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Envelope Detection - AM
Output signal

2.9

0 002 004 006 008 01 012 014 016 018 0.2
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Envelope Detection - AM
Output signal

1.5
1+
051
ot

VYW

=y i
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Envelope Detection - AM
Output signal

1.5
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»olgnals & Systems” ©Zdzistaw Papir




Envelope Detection - AM
Output signal

1.5

1 .
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Envelope Detection - AM
Output signal

3

|
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y,=0dB <y, .
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aherent detection of the AM-DSB
signal

Find the modulation gain and noise characteristic for a
coherent detection of the AM-DSB signal x(t)cosw,t where x(t)

is a stationary random proces with the power X~

Does the noise chracteristic of the coherently detected

AM-DSB signal have the threshold?

WORKIIN \
PROGRESS/
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Envelope detection - overthreshold
operation - sighal/noise separation

Prove that for the overthreshold operation the output signal
of the envelope detector is a sum of two components
(signal/noise separation):
« modulating signal provided noiseless transmission
* noise component provided no modulation

(unmodulated carrier transmitted)

Ao/ A, =C
e(t) = e(t)‘ n=0 T E(t)( x=0

e(t)= A [L+kx(t)]+ A, +n,(t)
X (t) = FDPle(t)] = kA x(t) + n, (t)
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FM detection (by phase angle
differentiation)

n(t)

AWGN 77 7 N, [\
—| — | Freq. _— =
Yewm (1) I B P F Yewm (1) . Detector . I L P F ( : >
PFM PF'V' A \\, /I i(t)
ml W, =2A¢0,, =2Aw :I

o(t)
Yeu (1) = A, cos[m,t +k j; X(z 7]

X(t
PHASE ANGLE |1, d ( ):
DEV. DETECTOR K dt

\ }
f

FREQUENCY DETECTOR
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FM Noise Characteristic

8

“rYo [dB] I

k=4

k=2

SN | W WA W

V=K,
"[dB]=10log x + y;[dB]=10logx +10

«wr | baseband
0l system _
- 0 é 1I0 1I5 ZEJ ZIS 30
1
Threshold effect for y; =10dB !
|
1
1

---- Extending the FM bandwidth results

R

In a higher output SNR
(SNR - bandwidth tradeoff).

8

The SNR - bandwidth tradeoff
Is limited by a threshold effect.
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FM detection — overthreshold operation

[ 1m m

6(t)

Ny (t)

n,(t)
Re

kj dr+ noise angle deviation

For an overthreshold operation n,/A;,n,/A, =0
It may be proved that the FM detector fed by the FM signal

corrupted by the ANGN @gy (t) +n(t)

[prase aneLe |21 d x(t)

DEVIATION
DETECTOR

k dt

Ve (1) = Aocos[a)ot+kj r)de]

produces on its output corrupted modulating signal: X(t)+

FREQUENCY

DETECTOR

X(t)+

Ng (1)
KAy

|

LOWPASS
FILTER

X(t)

Vo

o(t)

WORK IN
PROGRES

()

——

X(t)+ noise



FM detection - overthreshold operation
(approach by signal/noise separation)

Overthreshold operation

[m (signal/noise separation)
Pem (1) + (1)

24



Modulation Gain - single tone FM
(output SNR)
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Modulation Gain - single tone FM

(input SNR)
PP, AJ2 A _ Yo _ 3N 2qW,, o,

— — — gFM 2 X
N, ”WFM/” WWFM/” 2nWe,, K 477wm 7Z'A0 WFM

Ap=2
Jd-y =06~8dB

FM noise characteristic

N =

K=Yy
k=W, /@, =2A0/w,, =2A¢p

Bandwidth — SNR tradeoff

SNR improves by 6 dB for each
2:1 (3 dec) increase in a bandwidth.
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FM Threshold Effect
(phasor explanation)

A,COSm,t + N, (t)cosw,t — N, (t)sina,t =

= Re{[A, +n,() + iny (" |

PHASE DIFFEREN
ANGLE ' TIATOR [
DETECTOR
— 7
~—

Frequency detector
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FM Threshold Effect

(phasor explanation) NG << A,
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FM Threshold Effect
(phasor explanation) N Ng >> A,
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Summary

Immunity of a modulation to channel noise is expressed
with a modulation gain (loss).

Modulation gain is expressed as a ratio of an output SNR
to an input SNR related to a system bandwidth.

Noise characteristic (in a dB-dB scale) is a plot

of an output SNR to an input SNR.

Both AM and FM detection are nonlinear processess

so their noise characteristics exhibit threshold effect.
FM modulation makes possible to trade an output SNR
to a system bandwidth. The trade-off is restricted

by a threshold effect.
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