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LECTURE LAYOUT

= Digital Modulation Block Diagram

= Digital Baseband Modulation

= Binary Pulse Amplitude Modulation
= 4 — Ary Amplitude Modulation

= Bandwidth Efficiency of M-Ary
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INTRODUCTION

Analog Signal

S

Bit sequence

0001101110......
A-D Digital Digital
('()nr\crsi()n Baseband Bandpass
. Modulation Modulation
Baseband Bandpass
Channel Channel
D-A Digital Digital
Goaversion Baseband Bandpass
Demodulation Demodulation
]
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8} sequehce Modulated signal
0001101110......
Digital Bandpass
Bandpass Channel ’
Modulation q n H “ ” A A A A ‘)
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* How to choose proper digital waveform to carry the digits?

LOPE3203: Communication Systems

12/19/2017




12/20/2017

DIGITAL MODULATION

Digital Modulation | oo ated

Bit Sequence g1 ulati Signal B h 1

: (Baseband - aseband Channe

001011011001 Bandpass Channel
Bandpass)

= Bite Rate (Rj): Number of bits transmitted per unit of time (e.g. 10kbps : Ten
Thousands bits per one second transmitted over the channel).

= Channel Bandwidth (B): based on the modulated signal.
= Bandwidth Efficiency:
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DIGITAL BASEBAND MODULATION

= Choose baseband signals to carry the digits.
= Each baseband signal can carry multiple bits.
= Base on the number of bits carried by the baseband signal, the modulation can be:

> Binary:

0 Carrying single bit only per baseband signal.

0 The bit Rate = 1/7.

0 Total number of baseband signals required for transmission is TWO.
> M- ary:

QO Carrying M — symbols per single baseband signal.

O Number of bits per symbol is log, M bps (Bits per Symbol).

O Symbol rate =1/t Bit rate = log, M /7

0 Total numbers of baseband signals required for transmission is M.
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DIGITAL BASEBAND MODULATION

= We focus on “Amplitude Modulation”.
= The signal of the same shape having different amplitudes.

* The time-domain representation of PAM:

s(t) = Z Zp.v(t —nT) Time

n=—oo

a. Analog signal

= Z,: discrete random variable with Pr{Z,, = a;) = 1/M i=1,2,..

= v(t):is a unit baseband signal
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Amplitude Amplitude
'y '

,M

b. PAM signal
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Time

DIGITAL BASEBAND MODULATION

= The power spectrum of the modulated signal of the PAM is:
2

6D = VPP (oz + ) 8 %))

= ¢g:is the variance.

= u:is the mean value.
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PULSE AMPLITUDE MODULATION (PAMN)

T 10 1 09 1

= Bit “1” to represents the +ve s(7) A
A

+A rectangular pulse of amplitude
+A and width ’7 —‘

i i 0 r 2t "
FT %i |

= Bit “0” to represents the -ve " 5() = Lo Zn- v(t — 17)

rectangular pulse of amplitude
-A -A and width 7

- Pr{Z, = ¥1}=0.5

A 0<st<rt
v(t) = {O, otherwise
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POWER SPECTRAL DENSITY

G.(N =V -[oi = ff[f—’")J ’

r

With Binary PAM: V(f)= Arsine(f7) [ Gypyy (f) = A’rsine® (1)

u, =0, 0'/ =1
GBI’AM (f)

/\A\/\

2/t 1z 0 /7 2/t f
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EFFECTIVE BANDWIDTH OF BINARY PAM

Gppa(f) = A’rsinc® (f7)

2z -lr 0 1/t 2/t i
; 90% power | ; 90% bandwidth: 1/7
95% power ‘ 95% bandwidth: 2/7
* Suppose 90% of signal power must pass through the channel (90% in-band power):
Required Channel Bandwidth: B, o, =1/7 7 i "
Bit rate: R =1/t I Bh_ome =1

» Suppose 95% of signal power must pass through the channel (95% in-band power):

Required Channel Bandwidth: B, o, =2/7 =2R,

LOPES3203: Communication Systems 12/20/2017 @

BINARY ON — OFF KEYING

= Bit “1” to represents the +ve s(t) 4
rectangular pulse of amplitude

A
+A +A and width 7 ’_‘ ﬂ ......

* s(t) = Xpt-oo Zp. v(t —nT)

= Bit “0” to represents the ZERO
rectangular pulse of amplitude * Pr{Z, = 1}=Pr{Z,, = 0}=0.5
ZERO and width
A 0<Zt<~t
n U(t) = {0

, otherwise
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POWER SPECTRAL DENSITY

G,(f)%]l'(f)ll -[aﬁ +% 5 o‘(f—’")) 3

m=—wn T

With Binary OOK: V(f)= Arsinc(f7)

=12 o =114

GH()()K (f)

G/;r)u/\ (/) = ;( AZ’SinC(fT))

=2/t -1/t 0
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4 — ARY PULSE AMPLITUDE MODULATION

= Bit “11” to represents the +ve
rectangular pulse of amplitude
+A and width

i = Bit “10” to represents the ZERO
+ .
rectangular pulse of amplitude

+A/3 and width

= Bit “00” to represents the ZERO
rectangular pulse of amplitude
—A and width 7

-A

= Bit “0Oq” to represents the ZERO
rectangular pulse of amplitude
-A/3 and width 7

l
3
3

A/
T
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* s(8) = Enz—o0 Zy. v(t — 17)

« Pr{Z, = 1}=Pr{Z, = 1/3} =
Pr{Z, = —1}=Pr{Z, = —1/3} = 0.25

A 0<t<rt
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POWER SPECTRUM OF 4-ARY PAM

G_v(f)=%|V(f)|2 -(a; +*‘7 X 5( f_mD .

T

m=—um

With 4-ary PAM:  V(f) = Arsine(f7)  ~ Gapan () =5 A’z8inc* (f7)
u, =0, O’j =5/9 J

e ——

2/t 1z 0 Uz 2/t f

* Required channel bandwidth with 90% in-band power: B, ., =1/7
+ Required channel bandwidth with 95% in-band power: B, o, =2/7
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BANDWIDTH EFFICIENCY OF M-ARY PAM

» Suppose there are totally M distinct amplitude (power) levels.

+ How many bits are carried by each symbol?
M=2"= k=log,M

* What is the relationship between symbol rate R and bit rate R,?
Ry=R,/k or R,=kR,

* What is the required channel bandwidth with 90% in-band power?
B, g, =R;=R, [k

Tradeoff between bandwidth efficiency]
- Bandwidth Efficiency of (M}ary PAM and fidelity performance

Vpan =k =log, M with 90% in-band power

* A larger M also leads to a smaller minimal amplitude difference — higher error
probability (to be discussed). O
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