EC 551 Telecommunication Systems
Engineering

Section 1

Overview of Digital
Modulation Techniques
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Types of digital-to-analog conversion

Digital-to-analog
conversion

Amplitude shift keying
(ASK)

Frequency shift keying
(FSK)

Quadrature amplitude modulation
(QAM)

Phase shift keying
(PSK)




T
[ Nore ]

> Bit rate is the number of bits per second.

»Baud rate Is the humber of signal elements
per second.

»The Baud rate is less than or equal to
the bit rate.



i Example 1

An signal carries 4 bits per signal element. If 1000
signal elements are sent per second, find the bit rate.

Solution
In this case, r =4, S = 1000, and N is unknown. We can

find the value of N from




i Example 2

An signal has a bit rate of 8000 bps and a baud rate of
1000 baud. How many data elements are carried by

each signal element? How many signal elements do we
need?

Solution

In this example, S = 1000, N = 8000, and r and L are

unknown. We find first the value of r and then the value
of L.
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Digital Modulation

Amplitude Shift Keying
(ASK)



Binary amplitude shift keying

Amplitude Bit rate: 5
I B 0 r=1  S=N  B=(1+d)
| | | | |
| | | |
| |
| | ' Time . Bandwidth Ny
|
1 signal L signal L signal | 1 signal 1 signal I
element : element : element : element : element : ( w
< 1s s 0
Baud rate: 5

d = Rolloff factor

d= 1 (Rectangular pulse)




i Example 3

We have an available bandwidth of 100 kHz which
spans from 200 to 300 kHz. What are the carrier

frequency and the bit rate if we modulated our data by
using ASK withd = 1?

Solution

The middle of the bandwidth is located at 250 kHz. This
means that our carrier frequency can be at f, = 250 kHz.
We can use the formula for bandwidth to find the bit rate
(withd=1andr=1).




Digital Modulation

Frequency Shift Keying
(FSK)



Binary frequency shift keying

= In Binary FSK system, Symbol 0 and 1 are distinguished
from each other By transmitting one of two sinusoidal
wave that differ in frequency by a fixed amount.

: 2F
s.(1) = 2
Tb

cos(27 1)

[, XT, = Intgral

Eb : transmitted signal energy per bit




Binary frequency shift keying

Amplitude
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i Example 4

We have an available bandwidth of 100 kHz which
spans from 200 to 300 kHz. What should be the carrier
frequency and the bit rate if we modulated our data by
using FSK withd = 1?

Solution

This problem is similar to Example 3, but we are
modulating by using FSK. The midpoint of the band is at
250 kHz. We choose 2Af to be 50 kHz; this means




i Example 5

We need to send data 3 bits at a time at a bit rate of 3
Mbps. The carrier frequency is 10 MHz. Calculate the

number of levels (different frequencies), the baud rate,
and the bandwidth.

Solution

We can have L = 2"3=8. The baud rate is S = 3 MHz7/3 =
1000 Mbaud. This means that the carrier frequencies
must be 1 MHz apart (2Af = 1 MHz). The bandwidth is B
=8 x 1000 = 8000. Figure 1 shows the allocation of
frequencies and bandwidth.



Figure 1 Bandwidth of MFSK used in Example 5

Bandwidth =8 MHz
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Concept of a constellation diagram

Y (Quadrature carrier)
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Signal Space of FSK




Digital Modulation

Phase Shift Keying
(PSK)



Binary phase shift keying

= The pair of signals S1(t) and S2(t) used to
represent binary symbols 1 and 0

s, (1) = 2k, cos(27f .t)
Tb
s, (1) = 2L, cos(2af t+ 1) =— 2L, cos(27f 1)

L, L,



Signal Space of BPSK
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Binary phase shift keying

Amplitude
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M-array PSK

s, (1) = 27E cos(2af t—6,) 0, = %(21'—1)
2E, . 7
P, =0( N SlnM)
Quadriphase-shift keying (QPSK)
5 (6= | 2E cosart—) I'=mx1,
d E=mxE,

9_7z37257z77z
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Quadriphase-shift keying (QPSK)




i Example 6

Find the bandwidth for a signal transmitting at 12
Mbps for OPSK. The value of d = 0.

Solution

For OQPSK, 2 bits is carried by one signal element. This
means that r = 2. So the signal rate (baud rate) is S = N x
(1/r) = 6 Mbaud. With a value of d = 0, we have B=5 =6
MH?.



i Example 7

Show the constellation diagrams for an ASK (OOK),
BPSK, and QPSK signals.

Solution

a. ASK (OOK) b. BPSK c.QPSK
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Probability of symbol error for
binary modulation

0 Binary modulation
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‘ Note I

Quadrature amplitude modulation is a
combination of ASK and PSK.
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