o~ Chuong 7: Nhiéu trong cac
e hé thong diéu ché twong tw
7.1. Nhiéu bing dai
7.2. Nhiéu trong hé thong diéu ché song mang
11én tuc
7.3. Nhiéu trong cac hé thong diéu ché gdc

Th.S. Nguyén Thanh Tuan 1
https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Van dé tin hiéu thu
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CHANNEL

r(t) = Acos((wg + Aw)(t — 1) + 6; + 8) + n(t)
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‘B’) 7.1 Nhiéu bing dai
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Bandpass fillered white noise. |a] Block diagram; [b) power spectrum.
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‘Bﬂg Pic tinh nhiéu bang dai

n(t) = nt) cos wt — ny(f) sin wz = A,t) cos [w s + @,(t)]

n

_ —— — g
n=n,=0  n(n(t)=0 Ai=ni+ng ¢, = tanl —
[

H?:Hg_—*ﬂzz.oﬁ:NR E=Ancosqbn Hq:AnSin(rbn

G (f) = G, (f) = G f + foulf ~ fo) + Gu(f = fIL — u(f — fo)

The envelope 4_has the Rayleigh distribution: P(A, > a) = ¢™9/2%
A _ _
Pa(An) = ;"e‘“‘"/*”ﬂ w(A,) A, = VaNg/2 A= 2Ng
R

The phase ¢, has a uniform distribution over [0, 27]
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CJ Mo hinh bo thu co giai dicu ché

i
G(f)=5

ult) = x (i} + nlf)
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n(t)=m(t)cos@ i +n,(t)sinws n°=n-=n"=Np
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7.2 SNR diéu bién

= Tach song dong bd: chi cho ngd ra thanh phan
cung pha voi tin hi€u song mang va tri¢t ti€u
thanh phan vuong pha vai tin hi€u song mang .

* Tach song duwong bao: chi cho ngo ra thanh
phan duong bao duong (bién do) cia tin hiéu
ngd vao (thuong c6 thém chirc nang loai bo
thanh phan DC trong tin hiéu ngd ra).
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‘Bﬂg Tach song dong bo cho DSB

x(t) = A, x(t) cos w.t
v(t) = [A, x(2) + nit)] cos wt — n,(t) sin wt

y() = vft) = A, x(2) + n(r)
yp(t) = Ax(t) + nt)
G, (f) = Nol1(f/2W)

Np=n? Sp=A2x>=425. Sp=x =-A475,

(B30 -
NJ» N, NoBr \N/Jg Nw
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Tach song dong bo cho AM
(100%)

x.(1)=A.[1+ x(t)]cos
yp(t)=y(t) = A.x(t) +n;(1)

SD=AC2*S_1" ‘h"rﬂzmj Sﬁ’:%Acz(l—l_‘S'x)
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‘ag Tach song dong bo cho SSB/VSB

x (¢)= % A [x(t)cosa{_t F i(r)sina;_t]
yo(t) = 3A:x(r) + ni(t)
B =W, S,=1/44"S and S, =1/44"S =S,
(f) *H(fﬁW) Np = ni = NoW
S S
W) (&)=
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SNR véi tach song dong bo

25 S
G et o
N Jn I + 5. \N /g 1 + 5.
DEERCT
Nl “\NJe Nw !
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» Dac tinh nhi€u
‘J vO1 tach song dong bo
By assuming that the average transmission power is fixed, the results
derived above show that:

* The message and noise are additive at the output if they are additive at

the detector input.

If the pre-detection noise spectrum is reasonably flat over
transmission bandwidth, the destination noise spectrum is essentially
constant over the message bandwidth.

= Relative to S/N ratio after the detection, VSB and SSB have no
particular advantage over AM and DSB, respectively.

* The same S/N ratio can be achieved with the linear modulations
as with the baseband transmission (assuming flat noise spectrum).

* Modulations with suppressed carrier (DSB, SSB) provide better S/N

ratio than modulations where the carrier is not suppressed (AM,
VSB+C).
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Tach song duong bao cho AM
(100%)

v(t) = AJ1 + x(2)] cos wt + [n,(t) cos wt — n,(r) sin w.t]

)

= VIA[L + x(1)] + nf)}P +[q(:]/—]"
¢,(t) = tan™! () ' L% - -

Al + x(0)] + () | A+

(1) Large signal power: Acz >> n:? = (§/N)p>>1
A1) = A1 + x(1)] + ny(r)
yp(t) = A1) — A, = Ax(r) + nyt)

Th.S. Nguyén Thanh Tuan 12
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‘Bag Tach song duong bao that bai

(2) Small signal power: Acz << nfz = (§/N)p<<l

n(t) = A, (t)cos| @ .t + ¢, (1)) A 1+ 3]

A1) = A1) + A1 + x(2)] cos ¢.(2)
yp(t)=4,(t)+ 4.x(1) cos g, (1) - 4, A, = V7Ng/2

Through signal and noise were additive at input, the detected

message term 1s multiplied by noise in form of cosg, (), which
1s random. Thus, the message is hopelessly mutilated.
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» Hi¢u irng nguong
e trong tach song dudong bao

There 1s a threshold effect when using the envelope detection: for
moderate-to-high (S/N); ratio (i.e., pre-detection SNR), the envelope
detector works as well as the synchronous detector. But, under certain
threshold SNR level, the message signal is lost in noise.

It 1s difficult to determine the threshold. One criterion is the level where
A.> A, with the probability 0of 0.99. Then (S'/ N),=4In10 = 10 dB.

In audio broadcasting, the smallest useful S/N ratio is about 30 dB, and
thus, the threshold effect 1s not a problem. However, the threshold effect
is a problem in some digital modulation methods, which are used in much
lower S/N ratios.
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‘Bﬂg 7.3 SNR diéu goc

o(t)=¢ Ax(f) PM - modulation

X, (1) = A, cos|lw.t + ¢(1)] d(1) = 27f , x(t)  FM - modulation

u(t) = x. (1) + n(t) = A1) cos [w.t + ¢, (1)]

\ . O\ BPF
4“ Limiter ——'{ DISCflmlﬂa[Df —\—P -HD(f) ——l""_}‘[_}(f)

(3) =42 $,(5) PM
N /R NOBT _}I(f) = < 1 M
carrier-to-noise ratio (CNR) h P P, (1) Kl

v(t) = A, cos [t + ¢(2)] + A,(2) cos [ws + ¢,(1)]
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Nhiéu trong diéu ché goc

Ae) sin [$o(t — ()] A,
Al) = $0) +tan™ ) cos () — 0] g
TR A

O Simplified noise model: Large signal powers A, >> A4 (7)

assume that ¢ (7) - #1) = ¢,(1) SO (S/N), >>1

A A sin cf)n(t) 1
bo{t) = () + (1) ylr) = A \/2? ng(t)

9,(t) = (1) + n, (1) n, (1) = 4,(t)sin[ ¢, (1)]

ZSH
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Nhiéu trong tach song pha
(Gia1 diéu ché PM)

GAf) ~ ﬂﬁ[ﬂir)

25,

By By /
T2 2
Ny = PM
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Nhiéu trong tach song tan so
(Gia1 diéu ché FM)

f"»f’mf2 (f )
5 = (2
{F) = @rf e Ga(£) = ST
/\ Ny
I
- . Hfﬁ: ,,,, B ¥
Br W 0 W Br
-] a
W N W?r
Ny = J Ge( f)df = 35 FM
— R
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1 ] ‘f| << B,
, Aull)= fz{B;’f 7158,
‘_g ’,) ]+j S :-"E*J’ de
2 /M B,
o e o f|<<B,
< ’ Hl}c(f)zl_}_JB_ﬁ }'IIB ‘ |}:3'B
; FM with deemphasis o LI B / «
! | f;]
0 B, 4
FM
e [;H:J{f) . [ Modulation [—» Channel
reemphasis
Channel .
FM H,(f) Lowpass
—? Demodulation [~ Deemphasis ™ Filter
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50 us Europe
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» Nhiéu trong tach song tan so
& (Giai didu ché FM c6 giai nhin)

lHD(f)|=|H(,(,(f)!H(%W) [/ W)

J1+(f/B,)’

Np = j |Ho( P Gelf)df = f*[(ﬁ:) - ‘(BE")]

In the case of W/B, >> 1, then
~ NoB3W/Sz  Deemphasized FM
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SNR cho PM/FM

y(t) = (;bu(f) = (;b&x(f) 0 ‘/’(f) SD = C.t)ﬁ).’.z = ¢§S‘t
S qbi'n. x 2
—_ - — — — P
(N )u (NoW/ Sg) an = #aSy v
Y1) = 5= ) = fuxld) + &) Sp = £35,

S\ _ _fis (&) Se
(N)ﬂ sy \w) Sy =08y M
= So sanh d6 cai thién SNR t6i da?
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» Hi¢u ung ngudng
&2 trong gidi didu ché FM/PM
small signal condition: A4.<<A4 (7) (S/N)p <<1.

A sin [$(1) = ¢a(1)]

A,(2)
Therefore in the case (S/N), <<I1, the noise dominates and the message
contained in ¢(¢) can not be recovered.

(S/N)gw =10 37
5|

Ve = lﬁﬁ' _Ol J :

Even small noise variations may then produce large spikes to the
demodulated FM signal.

by(2) = @a(t) +

Th.S. Nguyén Thanh Tuin | 23
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-

cg Yéu cau SNR ung dung thuc té
éignal Type | Frequency Range_ ﬂ
Barely intelligible voice ~ S00Hzto2kHz  5-10
Telephone-quality voice 200 Hzwo 3.2 KHz 25-35
AM broadcast quality audio 100 Hz to 5 kHz 40-50
High-fidelity audio 20Hz 10 20 kHz 33635
Video 60 Hzwo 4.2 MHz  45-55
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Can nhiéu

= Nhiéu dong kénh (CCI)
= Nhiéu kénh ké (ACI)

v(t)=A_cos(w.t)+ A cos((w, + @)t + ¢,
desire:irsignal interFe;'ence ’

P = Ai/A. 0.(1) 2 w;t + ¢,

v(t) = Ay(t) cos [ .t + ¢ (1) ]

Th.S. Nguyén Thanh Tuan 25
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A, psin 0,(1)

L
1
|
i
1
I
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1
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1
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1
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§

—— — W W — i

A [l + pcos§,5]

A1) = ANV 1 + p? + 2p cos 01)
p sin 8(t)
1 + pcos 6t)

Th.S. Nguyén Thanh Tuin
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”
<D

For p << 1, interference can cause tone modulation at frequency /.
with amplitude modulation (modulation index 1= p) and frequency
modulation or phase modulation (modulation index = p).

Ayt) = Al + pcos(wt + ¢))]
¢(t) = psin (w;t + @)

For p >> 1, interference still cause tone modulation at frequency f,
with amplitude modulation (modulation index #= p') but the phase
corresponds to a shifted carrier frequency /. + /; plus the constant ¢.

A1) = Al + pTlcos (w;t + ¢))]
¢,(t) = wit + @,

Th.S. Nguyén Thanh Tuin 27
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”
<D

For different modulation methods, the detected signal 1s (here ¢, = 0 and

i<W, p<<l):
Ko (pcasai) AM g AM and
v, () =< K, psinwt PM :é' PM \
<
K, pf cosat EM N
A
° W

* In AM and PM a tone interference produces a tone to reception
whose amplitude 1s comparable to p.

* |n FM, the interference 1s more severe the more distant the
interfering tone 1s from the carrier (adjacent channel interference).

* On the other hand, 1t can be seen that FM 1s much better that AM or
PM when the disturbing frequency 1s close to the carrier frequency
(co-channel interference).

Th.S. Nguyén Thanh Tuan
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‘Bag Hiéu tng bat trong FM

Capture effect 1s a phenomenon that takes place in FM systems, when
there are two FM modulated signals in the same channel and the
amplitude of these signals 1s nearly the same.

The stronger dominates or “captures” the output (annoying results
when listening to a distant FM station). When the strengths of the two FM
signals begin to be nearly the same, the capture effect may cause the
signals to alternate in their domination of the frequency. Small variations
in the relative amplitude levels cause sudden change in the station.

Th.S. Nguyén Thanh Tuin 29
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‘Bag So sanh cac diéu ché tuong tu

Type b=ByW (S/N)p =+~ Y DC Complexity Comments
Baseband 1 1 e No’ Minor No modulation
2
K Ss . .
AM 2 — 20 No Minor Envelope detection
1+ p°S;
w =1
DSB 2 1 e Yes Major Synchronous detection
SSB 1 1 2R No Moderate Synchronous detection
VSB 1+ 1 ) - Yes Major Synchronous detection
T
VSB + C 1+ — 20 Yes? Moderate Envelope detection
1 + ws,
w <l
PM? 2ZM(4) S, 10 Yes Moderate Phase detection,
constant amplitude
o=
FM34 2M(D) 3D2S, 106 Yes Moderate Frequency detection,

constant amplitude
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‘B’g Tém tit

= Pic tinh nhiéu bang dai?
= Pic tinh nhiéu bién do va nhiéu pha?
= Anh hudng cua nhiéu trong moi loai diéu ché?

= SNR trudce va sau moi loar giai di€u che?
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Bai tap 1

White noise with Ny, = 10 is applied to a BPF having |Hg(f)|> plotted in Fig.
P10.1-1. Sketch G, (f) taking f, = f,, and show therefrom that n? = n?.

|2b|

- - 0 fi-b fi £ F+2b

10.1-2 Do Prob. 10.1-1 taking f. = f5.

Th.S. Nguyén Thanh Tuan 32
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Bai tap 2

10.2-1* A DSB signal plus noise is demodulated by synchronous detection. Find (S/N)p in
dB given that §; = 20 nW, W = 5 MHz, and 9, = 109,

10.2-2 An AM signal plus noise is demodulated by synchronous detection. Find (S/N), in
dB given that S, = 0.4, §p = 200W, W=5MHz, u = 1, and T, = 109,

10.2-3 A DSB signal plus noise is demodulated by a product detector with phase emor ¢'.
Take the local oscillator signal to be 2 cos (w s + ¢") and show that (S/N)p = v cos® ¢'.

Th.S. Nguyén Thanh Tuin 33
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Bai tap 3

10.2-6  Explain why an SSB receiver should have a nearly rectangular BPF with bandwidth
By = W, whereas predetection filtering is not critical for DSB.

10.2-10 Explain why an AM receiver should have a nearly rectangular BPF with bandwidth

By = 2W for envelope detection, whereas predetection filtering is not critical for
synchronous detection.

Th.S. Nguyén Thanh Tuin 34
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Bai tap 4

10.2-11* An AM system with envelope detection is operating at the threshold point. Find the
power gain in dB needed at the transmitter to get up to (S/V)p = 40 dB with full-
load tone modulation.

10.2-12

An AM system with envelope detection has (S/N), = 30 dB under full-load tone-
modulation conditions with W = 8 kHz. If all bandwidths are increased accordingly,
while other parameters are held fixed, what is the largest useable value of W?

Th.S. Nguyén Thanh Tuan
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”
<D

10.3-4

Bai tap 5

An FM signal plus noise has §; = 1 nW, W = 500 kHz, §, = 0.1, f, = 2 MHz, and
T n = 10J . Find (S/N)p in dB for FM detection and for deemphasized FM detec-
tion with B,, = 5 kHz.
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Bai tap 6

10.3-6* Thesignal x(t) = cos 27200¢ is sent via FM without preemphasis. Calculate (S/N),
when f, = 1 kHz, Sz = S00N,, and the postdetection filter is an ideal BPF passing
100 = |f| = 300 Hz.

10.3-7

Obtain an expression for (S/N), for FM with a gaussian deemphasis filter having

|Heo(f)|? = e~ //2Y_ Calculate the resulting deemphasis improvement factor when

Th.S. Nguyén Thanh Tuan
CuuDuongThanCong.com

37

https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

‘% Baitap 7

10.3-8 A certain PM system has (S/N), = 30 dB. Find the new value of (S/N), when the
modulation is changed to preemphasized FM with B;, = W/10, while By and all
other parameters are held fixed.

Th.S. Nguyén Thanh Tuin 38
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Bai tap &

10.4-1*  An analog communication system has x? = 1/2, W = 10 kHz, N, = 1075 W/Hz,
and transmission loss L = 100 dB. Calculate S; needed to get (S/V)p = 40 dB when
the modulation is: (a) SSB; (6) AM with i = 1 and i = 0.5; (¢) PM with ¢, = 7,

(d) FM with D = 1, 5, and 10. Omit deemphasis in the FM case, but check for
threshold limitations.

10.4-2 Do Prob. 10.4-1 with x2 = 1 and W = 20 kHz.
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Baitap 9

10.4-3 An analog communication system has x*> = 1/2, W= 10kHz, S; = 10 W, and N, =
10~ W/Hz. Calculate the path length corresponding to (S/N)p = 40 dB for a trans-
mission cable with loss factor @ = 1 dB/km when the modulation is: (a) SSB;
(&) AM with w = 1; (¢) FM with D = 2 and 8.

10.4-4 Do Prob. 10.4-3 for line-of-sight radio transmission at f, = 300 MHz with antenna
gains of 26 dB at transmitter and receiver.

Th.S. Nguyén Thanh Tuin 40
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10.4-5*

Bai tap 10

A signal with x> = 1/2 is transmitted via AM with u = 1 and (S/N), = 13 dB. If
the modulation is changed to FM (without deemphasis) and the bandwidths are
increased accordingly while other parameters remain fixed, what’s the largest usable
deviation ratio and the resulting value of (S/N)p?
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