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" J
Modulacoes Banda Canal

m Um sinal modulador vai modular uma portadora sinusoidal.

m O sinal modulador ¢ uma sequéncia binaria de 0’s e 1°’s

m Os parametros da portadora sdo modificados assumindo um
nimero de estados discretos

m Transmite-se informacao na forma dum simbolo durante um
Intervalo de tempo, mas na recepcao so importa decidir no
Instante de amostragem qual o simbolo
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Modulacoes Banda Canal

m Variando um dos trés parametros duma sinusoide
temos

ASK (Amplitude Shift Keying)

s OOK (On-Off Keying) é um caso particular de ASK

PSK (Phase Shift Keying)

FSK (FrequencyShift Keying)

m Temos um espectro do tipo passa-banda (banda canal)
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Sinails com espectro passa-banda
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" J
Modulacoes Banda Canal

m ModulacoOes a considerar
ASK (e OOK) binaria e M-aria
PSK binaria e M-aria
m (QPSK - Quaternary PSK, M=4)
= M-PSK, M =8, 16, ...

FSK binaria e M-aria
QAM — Quadrature Amplitude Modulation

s Também designado de APK — Amplitude Phase Keying
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Modulacoes binarias (M=2 niveis)
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Modulacoes M-arias (M=4)
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ModulacOes M-arias

m Aumentam o ritmo de transmissao, face as
modulacoes binarias

m Usam M>2 niveis e transmitem

log, (M) bit/simbolo

m O ritmo binario é
R, =R, log,(M) bit/segundo

Rs é 0 numero de simbolos enviados por segundo
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On-Off Keying (OOK)
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Binary O
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elsewhere

fe=n/T,=nR,, n=1,23,...
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Espectro do OOK

A [Vonrz(D A |V D

AM Lower sideband Upper sideband

—> f

» f 1,

» Sg(h

R

m S;(f) =sinc’(fT,) normalizada

Densidade espectral de poténcia
fo=1 duma sequéncia aleatdria de bits

codificada em NRZ

0 Ry, 2R, 3R,

ISEL - DEETC -
Comunicagbes




Phase Shift Keying (PSK)
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““ESpectro do PSK

A [YoorkDI $ sl

DSB Lower sideband Upper sideband

m S;(f) — densidade espectral de
poténcia apos modulacdo PSK duma
sequéncia aleatoria de bits

codificada em NRZ
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Frequency Shift K

eving (FSK)
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Espectro do FSK

4 Ss(N)

1, ; ; ‘ : N
foRo fo  fotRy =Ry, fi+Ry,

m S;(f) — densidade espectral de poténcia apds modulagdo FSK

duma sequéncia aleatoria de bits codificada em BNRZ
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Exemplo M-PSK: constelacédo 8-PSK

—

Codificacao de Gray -
entre simbolos
consecutivos, muda
apenas um bit.

—
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PSK M-ario

sin
~ 011
m Constelacao 8-PSK o s
e 001
ouo‘f .
@ 000
Todos os sinais tém a : s D
mesma energia '
10® ,.
#3100
Amplitude constante A
n? e
: 101
m Genericamente
8i(t)=A.cos2nft +ai+¢), i=0,1,2,...,M-1
o =2r/M; L=n2l, n=1,23..
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Espaco de sinais do QPSK (M=4)

o o 40
A& E/2 : ]
TN cos : S B 8 | ——a—cn8
E/2
g A
© ® ® 1
01 sin L sin
BPSK BPSK
QP3K L with sine carrier with cosine carrier
A norma do vector Sooll) = —7—2'— cos(2rf.t) - %sin(anCt)
corresponde a raiz =, casfPpfi] WJ)
quadrada da energia A. . .
do sinal utilizado na. ~ 801(f) = —T cos(2nf.t)+ ﬁSlﬂ(Zﬂfct) A, cos(2rf.t +225°)
codificacao. A, A
10(t)= ﬁ cos(2nf.t) - N/ sin(2xf t) = A.cos(2rft + 45°)
t = e 2nf.t Lo 2nft)=A.cos(2rf.t+315°)
$11(8) =~ Cos(2nft) + = sin(2rfct) = Ac cos(2nfc
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QPSK - Quaternary PSK (M=4)

Input
bit stream | Bit
splitter
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B¢ cos(2nf.t)

V2
+1
X
QY}—' QPSK
signal
+1 9
A Soolt) = -%COS(ZEI'J) - %sin(anCt)
J_éc-sin(thfct) = A, cos(2nf.t +135°)
So1(t)= —% cos(2nf.t)+ %sin(erfct) = A.cos(2rf.t +225°)
S10(t) = % cos(2nf.t)— % sin(2xf.t) = A.cos(2nf t +45°)
()= % cos(2nf.t)+ % sin(2zf t) = A. cos(2rft +315°)
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QAM - Quadrature Amplitude Modulation
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16-QAM: cqr;stelagéo QAM com M=16
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Deteccao coerente do OOK

ASK signal
RS Matched filter WTp)
_’ t e —]
r(t) L) OB
Matched to sample at
Accos(2rf ) t=1Ty,

Filtro Adaptado
(Matched Filter)
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Deteccao coerente do PSK
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Deteccao coerente do FSK

(@
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Deteccao coerente do QPSK

Decision
. T
o Matched filter o\c Yol 5)" i |
(0 yuld) threshold = 0 ¢
: Matched to sample at
PSK signal 2 Parallel Outout
¢ g—-‘ ﬁcos(2nrfct) t=Ts 1o serial T bit sF:ream
[0 N5
converter
; T Decision T
. Matchhetd filter ﬂ\\} yi( 5)"i L
L0 n( i threshold = 0
AMatched to samp;e at
ZLsin(2rf.t) t=1s
2 ¢
ISEL - DEETC - s

Comunicacgoes



BN
Banco de correladores

Ts
L% N

» O correlador &
equivalente ao ;
filtro adaptado @l Signal
Received
_ symbol | [r's S vector
- Para realizar a st e i > .
descodificacéo de gt —
QAM, basta usar .oy (D)
dois correladores :
T
fo —> Sn
Pn(1)
Rece'ved matched filter
symbol h(t) =
L 5 T.) =s;
gi(t) Go(T—t) y(t) > YdT9) =sio
sample at
t=T,
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Utilizacao das modulacoes digitais
m ADSL

Carrierless Amplitude Phase (CAP) modulation

Discrete Multi-Tone (DMT) modulation

m ambas variantes do QAM
m http://members.tripod.com/e99ie/ADSL Tutorial/Modulation.htm

m Wireless

BPSK, QPSK, 16-QAM, 64-QAM
m http://sss-mag.com/pdf/lmod intro.pdf

m GSM

Gaussian MSK (variante do FSK)  http://www.cwt.vt.edu/fag/gsm.htm
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" JEE
Aplicacoes
m ADSL — Asymetric Digital Subscrlﬁer Line

Linha telefonica
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http://upload.wikimedia.org/wikipedia/commons/1/13/Modem_ADSL.jpg

Aplicacoes
m ADSL — Asymetric Digital Subscriber Line

Modem = Modulator/Demodulator

| |
I I
: . ADSL : TEI'I:I‘III"IEI:S
-+——» Spliter 4—+— Multimédia
MODEM PC
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http://upload.wikimedia.org/wikipedia/commons/1/13/Modem_ADSL.jpg

Aplicacoes
m ADSL — Asymetric Digital Subscriber Line

: ) i
E Modem e
| !
Modem
Phone connected to modem

<

Phone or Fax
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" JEE
Aplicacoes
m GSM - Global System Mobile

Base Station

Sub #3
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Aplicacoes

m Comparacao de normas e servicos
Ocupacao do espectro de frequéncia
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Aplicacoes
m Comparacao de normas e servigcos

Ritmos

E

1 Gbit/s __ _
100 Mbit/s - a

10 Mbit/s 802.119.a WCDMA/MSDFA
7 CDMAZQ0D EV
1 Mbit/s - W °
100 kbit/s
Cqbertura

PAN LAN MAN/WAN WAN
Regional Global roaming
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