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Digital Modulation

& Cosne-wave modulation waveform
G v(t)= Acos(2z ft+0)

= Therearethreebasic ways of modulating a carrier
G Amplitude A
G Frequency f,
G Phase @

= Any one of the three quantities, frequency f., amplitude A or
phase @, may bevaried in accordance with the information-
carrying, or modulating signal.
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Digital Modulation

= Baseband binary data (0,1,0)
& Amplitude modulation
G Werepresent a 0 by a high-amplitude signal
G Werepresent a1 by alow-amplitude signal
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Digital Modulation

= Baseband binary data (0,1,0)
¢ Frequency modulation
G Werepresent a0 by alow frequency signal
G Werepresent a 1 by a high-frequency signal

Baseband binary data (0,1,0). (b)frequency modulation
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Digital Modulation

= Baseband binary data (0,1,0)
(- Phase modulation
G Werepresent a0 by a signal with phase 0f
G Werepresent a 1 by a signal with phase
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Digital Modulation

< Digital modulation includes
G Amplitude Shift Keying
( Phase Shift Keying
G Frequency Shift Keying
¢ Quadrature Amplitude M odulation

= Phase Shift Keying (PSK) and Quadrature Amplitude Modulation (QAM)
arethe popular types of modulation in combined with OFDM.

= |In This Appendix, wejust consider
( Phase Shift Keying
Binary Phase Shift Keying
Quadriphase shift Keying
M-ary Phase Shift Keying
Differential Phase Shift Keying
¢ Quadrature Amplitude M odulation
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B.1 Phase Shift Keying

= Theinformation iscarried by phase of modulated carrier.
# Coherent phase shift keying
G Coherent meansdoing with known carrier phase information

= Non-coherent coherent shift keying
( Non-coherent means doing without carrier phase information.
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B.1.1 Binary Phase Shift Keying

<= |n binary phase shift keying the phase of a carrier isswitched
between two values accor ding to the to possible messages s, (t)

and s (t) .

.

where 6, and 6, areconstant phase shift. Thetwo phases

5, (t) = Acos(2x f t + 6,)
< s, (t)= Acos(2rz ft+6,)

are usually separated by 77 radians.
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B.1.1 Binary Phase Shift Keying

== Signal constellation
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B.1.2 Quadriphase Shift Keying

<= |n binary phase shift keying the phase of a carrier isswitched
between four values according to theto possible messages

$(t), s(t) ,s(t) and s(t) .

7 [ (t) = Acos(2x f t + 6,)
s, (t)= Acos(2z f t+6,)

< S, (t) = Acos(2z f t +6,)
s,(t) = Acos(27 f t +6;)

where & , €1 | 6, and 05 areconstant phase shift. The
four phases are usually separated by 7;— radians. *
@
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B.1.2 Quadriphase Shift Keying

== Signal constellation
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B.1.3 M-ary Phase Shift Keying

= Consider M-ary Phase Shift Keying (M PSK) for which the
signal set is

s (1) = /%COS(Z%]‘CI—I—Zﬂ-E\Iﬂ_l)j 0<t<T, i=12,..,M

where E_ isthesignal energy per symbol, T, isthesymbol
duration, and f, isthecarrier frequency. Thisphase of the
carrier takes on one of the M possible values, namely,

6, = 2(] 7Z'/M where i =1.2..... M .
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B.1.3 M-ary Phase Shift Keying

= |t iseader to usetrigonometric identities as

s(t)—\/E{COSZ”f\i/I_l)\/ECOSZﬂfCt—QnZ”f\;_l)\/Tiisinanct}
:\/E{coswqﬁl(t)—sinw@(t)} 0<t<T,

where it follows that

¢1(t)=\/Tzcos(27szt), 0<t<T,
2 .
¢2(t)=\/_|_:sm(27zfct), 0<t<T,

12,...,M.

NCCU
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B.1.3 M-ary Phase Shift Keying

“ That iIsto say, each s (t) may be expanded in terms of the
same two orthogonal basisfunctions ¢, (t) and ¢,(t).

= The signal constellation of M-ary PSK istherefore two-
dimensional.
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B.1.3 M-ary Phase Shift Keying

== Signal constellation
¢ For example, 8-PSK
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B.1.3 M-ary Phase Shift Keying

== Signal constellation
( Thesignal-space diagram iscircularly symmetric.

G The best decision strategy choosesthe signal point in the signal space
closest in Euclidean distanceto the received data point.

C The Euclidean distance of each of adjacent two pointsis

d= A/Eﬁn(%j

(- The average probability of symbol error for coherent M-ary PSK is

ootz

whereitisassumedthat M >4
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B.1.3 M-ary Phase Shift Keying

= M-ary PSK
G BPSK

Pespsk = %erfc (\/;)

G QPSK with Gray code
1
Peopsk = Eerfc(\/;)

GM-ary PSK
E. . ( T j
p, = erfc sin| —

erfc(x) :%jwexp(—zz)dz
T X

where
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B.1.3 M-ary Phase Shift Keying

+ BER versus SNR curvesfor the OFDM system in AWGN channel using

BPSK, QPSK, 8PSK,16-PSK .

SNR Vs BER

—— BPSK theoretical result
& BPSK simulation
QPSK theoretical result
+  QPSK simulation
8PSK approximate result
2 8PSK simulation
—— 16PSK approximate result
16PSK simulation
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B.1.4 Differential Phase Shift Keying

= Two basic operations of DPSK
C Differential encoding of the input binary wave
¢ Phase shift keying

= A differentially encoded phase-modulated signal allows non-
coherent demodulation that does not require the estimation of

thecarrier phase.

= The performance of DPSK is3dB better than that of PSK.
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B.2 Quadrature Amplitude M odulation

= Quadrature Amplitude M odulation (QAM) isthe most
popular type of modulation in combined with OFDM.

= Rectangular constellations are especially easy to be
Implemented asthey can be split into independent pulse
amplitude modulation (PAM) componentsfor both thein-
phase and the quadrature part.
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B.2 Quadrature Amplitude M odulation

= Thetransmitted M-ary QAM signal for symbol n can be
expressed as

sh(t):\/%anoos(Zﬂfct)—\/%bnsin(anct), O0<t<T, n=0+12,...,

where 2E isthe energy of the signal with the lowest amplitude,
a, and bn are amplitudestaking on the values

a,.b, =ta,+3a,...,x(log, M —1)a.

< Notethat M isassumed to be a power of 4.
= The parameter a can berelated to the average signal energy

b o
’ a:\/Z(?I:/IIE—l)
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B.2 Quadrature Amplitude M odulation
== Signal constellation
(G Therectangular constellations of 16-QAM with Gray code.
F bn
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B.2 Quadrature Amplitude M odulation

= The probability of symbol error for M-ary QAM is

o = OgiM {1 L (i~ pfcln)+4 M -2 p(C|II)+4p(C|[[I)}}

3E,

o o o —+ O O o a:\/Z(M _1)

o o o -+ o o o p(CII)—I:le( ZI\T J:l

| | | ’ | - ~ 2a° 2a°

o o ] __________ I p(clll){lzcg( Noﬂ{lc{ No]]
o o o + O o o p(CIIH)_[lQ( 2Na2 }]

0 o o —+ © o 0 ‘I
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B.2 Quadrature Amplitude M odulation

+ BER versus SNR curvesfor the OFDM system in AWGN channel using

BPSK/QPSK , 16QAM, 64QAM, 256QAM

BER

Eb/NO Vs
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BPSK/QPSK theorem
¢ BPSK/QPSK simulation

16QAM theorem
+ 16 QAM simulation

64 QAM simulation

64 QAM theorem
* 256 QAM simulation
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