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Binary Modulated Bandpass Signals
]

B Digitally modulated bandpass signals are
generated by using the complex envelops for
AM, PM, FM or QM (quadrature modulation)
signaling.

B For digital modulated signals, the modulating
signal /m(?) Is a binary or multilevel digital
signal.

B The most common binary signaling techniques
are as follows:

B On-off keying (OOK), also called amplitude shift
keying (ASK).

B Binary phase-shift keying (BPSK).

B Frequency-shift keying (FSK)



On-Off Keying

-
B Also called amplitude shift keying (ASK), which

consists of keying (switching) a carrier sinusoid on and
off with a unipolar binary signal.

B OOK is identical to unipolar binary modulation on a
DSB-SC signal.
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OOK Demodulation

B OOK may be detected by using either an envelope
detector (noncoherent detection) or a product detector

(coherent detection).

OOK i Binary output
in ,.| Envelope ary outp -
detector
(a) Noncoherent Detection

OOK in Binary output

ey Low-pass s
filter
cos(w,t)

(b) Coherent Detection with Low-Pass Filter Processing



Binary Phase-Shift Keying (BPSK)

B BPSK consists of shifting the phase of a carrier 0° or
180° with a unipolar binary signal. BPSK is equivalent
to PM or DSB-SC with a polar binary modulation.

BINARY DATA
1 0 1 0 I 0

—'—"Tb=—“—

(b) Polar m(t)
Modulation

—t t P

(d) BPSK Signal s(t)




BPS

m(t) =1 polar baseband data signal
s(t) = Re{g(t)e'*'} = A cos[a,t + D,m(t)]
= A, cos[D m(t)]cos o .t — A sin[D m(t)]sin ot
= A cos(D,)cos ot — A sin(D )m(t)sin et
pilot carrier data

B The level of the pilot carrier term is set by the value of
the peak deviation, A6=D,
2A0

B The digital modulation index h is defined by h=—

T
The maximum signaling efficiency is obtained by letting

AG=D, =90°=7/2
s(t)=—Am(t)sinw.t
g(t) = JAm(t) =+ JA
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Spectrum of BPSK
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(b) BPSK (See Fig 5-15 for a more detailed spectral plot)

Figure 5-20 PSD of bandpass digital signals (positive frequencies shown).
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BPSK Generation

(8)
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BPSK Demodulation

BPSK in >_®

COS ¢, f

(a) Detection of BPSK (Coherent Detection)

| Low-pass

filter

Binary output

o
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Differential Phase-Shift Keying (DPSK)

B PSK signals cannot be detected incoherently.
B In differential encoding, the information is conveyed by

phase shifts between any two successive signal intervals.

Message

Encoded ———
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DPSK Generation

N
B Differential encoding and decoding:

start, say witha =1

Input message 101 1 01 0 O ]

Encoded message 1 1-0 0 0->1 1»0-—1 {'f m, = 1, set a =4a
Transmitted phase nn 00 0 n n 0 = -

Phase-comparison sign + -+ + - + = = It m, = 0, set a #a,
Regenerated message 101 1.0 1 0 O

B Decoding is obtained by the simple rule:

m;
dk =4, ® a, ay
Delay

that is realized by the circuit shown flip- XOR
right. flop
_ _ _ ABY |
B Note that no local oscillator is required 001
B How would you construct the encoder? 010
100
111
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DPSK Demodulation

B In practice, DPSK is often used instead of BPSK, because
the DPSK receiver does not require a carrier
synchronizer circuit.

DPSK in L )
OW-Dass

filter

Decoded binary output
o

One-bit
delay, T},

o |

(b) Detection of DPSK (Partially Coherent Detection)



Frequency-Shift Keying (FSK)

B FSK consists of shifting the frequency of a carrier from

a mark frequency to a space frequency according to
the baseband binary signal. FSK is identical to FM with

a binary modulation.

BINARY DATA

1 0 1

-----Tb=—-—-—

(b) Polar m(t)

0

Modulation
_—

P o

tﬁ-
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FSK Generation (1)

B The FSK signal can be characterized as one of two
different types, depending on the method used to
generate it. One type is called

. It Is generated by switching the output line
between two different oscillators.

I

I

Oscillator 1
Freq. = f; |
|

I

|

FSK
output

Oscillator
Freq. = f;

Control
Binary data input line

m(r)
(a) Discontinuous-Phase FSK
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Discontinuous-Phase FSK

A, cos(wt+6,), whenlisbeingsent
s(t) = A, cos[w t+6(t)] = o

A, cos(w,t+6,), when 0is being sent
f, 2 mark (bianry1) frequency
f, :space (binary 0) frequency
@, :start - up phase of oscillator one
0,

. start - up phase of oscillator two

t+06 t+0 —wt
a)ct+¢9(t):{wl 1:9(0:{”1 1T %

w,t +06, w,t+6, -t

19



FSK Generation

B Another type is called tis
generated by feeding the data signal into a frequency
modulator.

Binary data input Frequency
e modulator -
m(t) (carrier freq. = f,) FSK
output

(b) Continuous-Phase FSK
Figure 5-23 Generation of FSK.

s(t) = A, cos[wt + D, [ m(2)dA]
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Example

B Spectrum of the Bell-Type 103 FSK Modem

Keyboard
computer
terminal

Digital
data

FSK
modem
(originate)

Dial-up phone line | Tejephone
office
modem Compuler
(answer) |[@——q CCDIE

Figure 5-24 Computer communication using FSK signaling.




Table 5-5 MARK AND SPACE FREQUENCIES FOR THE BELL-TYPE 103 MODEM

Originate Modem Answer Modem
(Hz) (Hz)

Transmit frequencies

Mark (binary 1) A = 1,270 fi = 2,225

Space (binary 0) £ = 1,070 H = 2,025
Receive frequencies

Mark (binary 1) fi = 2,225 fi = 1,270

Space (binary 0) £ = 2,025 = 1,070

Bit rate : R = 300 bits/s

Bitinterval : T, =1/R

Peak - to - peak deviation : 2AF =200 Hz

The spectrum will be evaluated for the case of the widest -
bandwidth FSK signal, corresponding to an alternating
data pattern (i.e.,10101010).
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period of modulating signal : T, = 2T,

m(t)=+lorm(t)= > 2m( e

N=—o0 b

)1

Peak frequency deviation : AF = zi D, max[m(t)] =
T

6(t)=D, [ m(2)di
Assume #(0) =0
For—T,/2<t<T,/2,0(t)=D, [ (+di=D;t

ForT, /2 <t<3T, /2 6(t)=D, T?b+ D, [ (~1)dA

T, /2

=-D,t+D,T,
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A6 =max[4(t)] = D, T?b

D.T D.T
Digital modulation index :h = 280 Dl _Pilo _

T T 27
=2AFT, = 2AF = 200 ~ 0.67
R 300
o _2m
TO
27

FOI’—TO/4£'[STO/4, g(t): th:T—t:C()Oht

0

ForT,/4<t<3T,/4,6(t)=-D,t+D,T,

27n, 270 T,
— t+
TO TO

= —w,ht + 7h

AFT,
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(a) FSK Spectrum with f, = 1,070 Hz, f; = 1,270 Hz, and R = 300 bits/sec
(Bell 103 Parameters, Originate mode) for A = 0.67
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(c) FSK Spectrum with f, = 1,070 Hz, f, = 2,070 Hz, and R = 300 bits/sec
forh = 3.33

Figure 5-26 FSK spectra for alternating data modulation (positive frequen-
cies shown with one-sided magnitude values).



PSD of FSK

B The PSD for the complex envelope of the continuous-
phase FSK signal is

Pg(f):Ac2Tb

{A7(F)[1+ By ()I+ A (F)[L+ By, (1)1+2B, (F)A(F)A ()}

where

A (f)=Sa{xT [f —AF(2n-3)]}

and

By ()=

cos{2z[f —AF(n+m—3)]T, }—cos(27AFT, ) cos[27AF (n+ m—3)T, ]
1+cos® (27AFT, ) — 2cos(27AFT, ) cos(24fT, )

h=2AF/R#0,1,2,...

(Whenh=0,1, 2,..., there are also discrete terms in the spectrum)
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PSD of FSK (con't)

30 -
25+

20}

P (f)

0 0.5R R L5R 2R

Figure 5-27 PSD for the complex envelope of FSK (positive frequencies
shown).
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FSK Demodulation

-
B FSK can be detected by using either a frequency

(noncoherent) detector or two product detectors
(coherent detection).

Low-pass

filter
Bi .
FSKin ouput  psgin | Y i oo
Frequency - o
detector

Low-pass

filter
cos(wy 1)

(a) Noncoherent Detection (b) Coherent (Synchronous) Detection

Figure 5-28 Detection of FSK.



Homework

.
W | C 5-46, 5-47, 5-52, 5-53
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