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6.1 Introduction

Destinations

» Move the signal to the suitable frequency band.

» In wireless communications, the reasonable size of antenna is
desired, which is proportional to the wavelength.

Classifications

Carrier Acosw,t + ¢ is applied and in it there are three changeable
parameters: amplitude A, carrier frequency f., and phase . There
are three elementary digital modulation system:

» Amplitude shift keying (ASK): linear modulation;
» Frequency shift keying (FSK): nonlinear modulation;
» Phase shift keying (PSK): linear modulation.
There are also some advanced modulations, such as QAM, OFDM,
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6.2 Binary Amplitude shift Keying

1. 2ASK Modulation

» bit “1" — cosw.t

» bit “0" — zero level.
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2. 2ASK Demodulation
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Waveforms in the Demodulator
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3. Power Spectral Density of 2ASK Signals

» Time expression: esask(t) = s(t) coswet.

> Re(t,t+7)=E(s(t)s(t + 7)coswetcoswe(t + 7)) =
LR (7) coswer.
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» Power Spectral Density:
Paask (f) = 3[Ps(f + fo) + Ps(f = o).

» Because s(t) is unipolar waveform, PSD of s(t) is
Py(f) = §Sa*(n fT.) + 16(f).
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» Frequency band width: Boask = 2fs.
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6.3 Binary Frequency Shift Keying (2FSK)

6.3.1 Basic Principle — Modulation

» bit “1"— coswit

» bit “0"— coswat
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6.3.1 Basic Principle — 2FSK Demodulation
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6.3.2 2FSK Power Spectral Density

2FSK signal can be regarded as consisting of two 2ASK signals.

Bapsk =2B+| /i = /1]
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> |f1 — fa] < fs, one peak;
> |f1 — f2| < fs, two peaks.
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6.4 Binary Phase Shift Keying 2BPSK

1. Modulation
» bit “1" — 0° coswet
» bit “0" — 7™ — cosw.t
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2. 2PSK — Demodulation
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3. Power spectral density

Because egpsk(t) = s(t) coswet, we have

Popsic(f) = [Ps(f + fo) + Ps(f — fe)]. We also know that s(t) is,
specifically, bipolar rectify waveform. Power spectral density of s(t)
is Ps(f) = TsSa?(mfTs). So Bapsk = 2fs and PSD of egpex(t)
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» Bandwidth: B = 2f;

» Only continuous spectral and no discrete spectral.
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4. Performance of Anti-Noise — Symbol Error Probability

€ px (1) (1) a c d [ - output
() e e e |
b

TTiming

n(r) cosw,t

> In [0, T5], the received signal

Acoswct+n(t) — —“1"

r(t) = eapai(t) +n(t) = { —Acoswet +n(t) — —<0""

» 2PSK signal, eapsk(t) , can pass through the BPF;

» After passing through the BPF, the noise, n(t), becomes
narrow band white noise, i.e.,

ni(t) = ne(t) coswet — ng(t) sinw,t
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Assume that the current symbol in [0, T3] is "1".
> For signal,
2 LPF
eapsk(t) - 2 coswet = 2A cos” wet = A+ Acos 2wt —— A.
» For noise,

n;i(t) - 2 coswet = 2n(t) cos® wet — 2n4(t) sin wet cos wet

= n¢(t) coswt + ne(t) cos 2wt — ng(t) sin 2wt

LPF

—— nc(t)
The input of the sampling&decision )
unit is ¢ = A 4+ n, and the 1-dim pdf i
is :
flr) = ep[ - A 5
= e —_ >
v 2o P 202 > 0 A *
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» Let the decision threshold V; = 0, and then the error
probability of the transmitted symbol “1" is

0 0 I — A)2
Pelz/oof(:c)dx: \/%U/Ooexp[_(zjf)]d:c
).

1

= ierfc(—

142
> Let signal-to-noise ratio (SNR) r = £ = 2(;2 . We have
Pe; = Jerfc(y/r). Similar we derive Peg = ferfe(y/r).
» While P(0) = P(1) = 3, symbol error rate of 2BPSK system
is

Pe = %erfe(\ﬁ).
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5. Phase ambiguity

> In the receiver, the square-loop is used widely to recover
carrier cos wet.

» |t is also named invert-7 case. If the recovered carrier is
cosw.t + 7, the demodulated bits are inverted in comparison
with the transmitted bits.

» The solution is the use of differential phase keying (2DPSK).
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6.5 Binary differential Phase Shift Keying (2DPSK)
1. Modulation

> the relative value of the carrier phases of the adjacent symbols
is used to express bits

> ASO — 0 _ “0”; AS@  — “1”, yl — yl_]_ @ :,UZ
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Relative code y; 0

=]
o OoO|| OO
R
=y || oo
—=|3||olo

ol o3|~

oo |~

€ ppsk (1)
Y

Relative

Information ode
bits 1, ®
Code Vi=X% Oy,
converter
y

i1

[SES 2o+
—17 /9Q



State Key Lab. on ISN, Xidian University

2. 2DPSK demodulation

» Coherent demodulation

€p5x (1) a c d
BPF LPF
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code
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» Phase comparison method
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Waveforms in the Phase comparison method

o~
- r—
ELNEECN
o (=)
Al \
NN
A
— O
— O

JISN
[ ExErzas

10 /9270

How about PSD of 2DPSK signals.
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3. Performance of Anti-noise

2PSK > Inverse §ode

Demodulator conversion

T [wi]---
Error bit: error right Pe (1-Pe)
right error Pe (1-Pe)

Peappsk = 2Peapsk (1 — Peapsk).
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6.6 Performance Comparison of Binary Digital Modulations

» 1.Pe Comparison

Yongchao Wang

Keying modes

Bit Error Rate —Pe

Coherent Noncoherent
2ASK %erfc(\/g) ze T/
2FSK %erfc(\/g) ze /2
2PSK serfc(y/r) se "
2DPSK Peoppsk = 2Pespsk (1 — Pegpsk)

Performance of anti-noise:
2PSK > 2DPSK > 2FSK > 2ASK, 3dB difference.

» 2. Frequency band width: Boask = Bapsk = 2fs.,
Bopsk = |fa = fil + #-
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» 3. Robustness:

Yongchao Wang

2ASK 2FSK 2PSK
Compare the
Decision % fading values of two 0
signals
Sensitive to .. . . ) .
sensitive Insensitive Insensitive
Channel?
Conclusions

» Signals of 2PSK and 2DPSK have the best BER performance
and the best frequency band efficiency. They can be used
widely in constant parameters channel.

» 2FSK signal is insensitive to channel’s variation. It can be
applied to random parameter channel.
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6.7 M-ary Digital Keying

1. Introduction

» Under the condition of constant information transmission rate
(bit/s), the symbol transmission rate or the bandwidth of the
signal can be reduced by increasing the ary number M;

» Under the condition of constant symbol transmission rate

(Baud) or given frequency band, the information transmission
rate can be higher.
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2. M-ary ASK and 3. M-ary FSK

Shask (1)

» MASK: Use the different
amplitude of the carrier to
denote the digital
information. The carrier
amplitudes is of M values. In
[0, Ts], one of the M values
is sent.

» MFSK: Use the different
frequency of the carrier to e ®
denote the digital 3 0 2 1
information. The carrier
frequency is of M values. In
[0, T}], one of the M values
is sent.
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4. M-ary PSK
> In [0,T}], the MPSK symbol can be expressed as

s(t) = Acoswet + ¢ = Re(Aej(wct+¢))

» Each symbol can be described by vector. (constellation)
» QPSK: vector diagram

1/

Reference Reference
# phase p phase
R 1 ] .......... 01

01
Mode A Mode B
| Info. Bits [11[10[01]00[11]
cos ¢ - | - |+ |+ | -
sin ¢ - |+ | - + | -
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2. QPSK Modulation

» Approach |: Phase selection

ial-to- €y (1)
Serial-to Phas'e M BPF
parallel »  selection
45°135°025°315

4 phase carrier
generation

» Approach II: I-Q modulation
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3. QPSK Demodulation

1 1
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Advanced Mod./Demod.

QAM - Quadrature Amplitude Modulation
Mod. 1/Q mod. Demod. 1/Q demod

) 16QAM
10
0 o ‘*\‘%;\\ﬁ;
[ ] [ ] 3 e [ ]
S 10 x
@ AR
° ° 1 e ° 5
1 u Aoy
3 i i 3 g
° ° 1 e . \\
10°
\\
. . 3 e ° N\
Q
10° L L L L L L L L
5 6 7 8 9 10 1 12 13 14

E,/N, (dB)




State Key Lab. ?n I?N, Xidian University . . Yongchao Wang
MSK - Minimum frequency Shift Keying
» Belong to CPM. (Continuous Phase Modulation)
,_fc"‘ﬁ; ',_fc_ﬁ
> SMSK = cos(wct + o7tt + 9.

0(;)_ (k=T <t<kT,

MSK Phase Trajectory
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