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Binary Modulated Bandpass Signals
(5-9 in text)

EELE445-13
Lecture 35
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EELE445  Exam 2

•Exam Monday April 14th

•One 8x11page-both sides,
•10 questions, 10 points per question,

divided among 4-5 problems
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Exam 2 EELE445
The exam will concentrate on lectures 17-32
and homework 5-7.

• Be sure to review and understand the Homework
problems.  The exam questions  center on the
material covered by the homework.

•Review the example problems worked in class

•Concepts highlighted in green or blue on the
slides.

The following slides are indicative of the
areas that will be covered on the exam,
BUT ARE NOT ALL INCLUSIVE!

TOPICS- exam 2
• Review of Signals and Spectra
• Analysis and Transmission of Signals
• Sampling and pulse code modulation
• Principles of Digital Baseband Signals
• Bandpass Signaling Principles and Circuits
• Bandpass Modulated Systems-DSB_SC,AM,PM/FM
• Simple Digital Systems- OOK, FSK, PSK
• Introduction to the theory of probability
• Analog systems in the presence of noise
• Behavior of digital systems in the presence of noise
• Error correcting codes
• Example systems
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Exam 2 TOPICS
• Line Codes 3-4

– Multi-level signaling  3-4
– Line codes 3-5 fig 3-15

• types
• power spectra for Unipolar, polar, NRZ, RZ eq 3-36a, fig 3-16
• Differential Coding fig 3-17
• multi-level power spectra for Polar NRZ eq3-53
• ISI and Raised Cosine-Rolloff filter

• Bandpass Signals
– Complex Envelope g(t) –

• relationship to s(t)
• polar and rect forms
• voltage and power spectrums
• form for DSB-SC, SSB, AM, PM/FM

– AM
• envelope, modulation index, bandwidth
• power-sideband, carrier, PEP, modulation efficiency
• detection or demodulation

– FM
• sinewave spectrum- voltage and power using Bessel functions
• Carson’s Rule

• Superhet Receiver- review the lab on the AM radio
– Image, IF, RF, Mixers, AGC, envelope detection,

• Simple digital systems- OOK, FSK, PSK

Simple Binary Bandpass Signals: 1-bit per
symbol

• ASK- amplitude shift keying, OOK- on-
off keying

• BPSK- Bi-phase Shift Keying
• FSK- Frequency Shift Keying
• MSK- Minimum Shift Keying
• GSMK- Gaussian pulse MSK



4

Binary Signals: OOK On-Off Keying

• Also called ASK - Amplitude Shift
Keying

• DSB-SC with a unipolar binary line code
• Simple electronics to produce
• Morse code is OOK
• Simple envelope detection may be

employed

Couch, Digital and Analog Communication Systems, Seventh Edition                                                                               ©2007 Pearson Education, Inc. All rights reserved. 0-13-142492-0

Figure 5–19 Bandpass digitally modulated signals.
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Binary Signals: OOK, On-Off Keying
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Figure 5–20 PSD of bandpass digital signals (positive frequencies shown).

see: eq 5-72, 3-39b and note R=1/Tb
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Binary Signals: OOK with raised cosine-rolloff
filtering for bandwidth and ISI control
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Figure 5–21 Detection of OOK.
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Figure 5–21 Matched Detection of OOK.

Matched Detection
provides the

lowest BER (bit error rate)
but requires more hardware

Binary Signals: BPSK-Binary Phase Shift Keying

• The phase of the carrier is shifted +/-q degrees
– most common is +/-p/2

• The line code may take two forms
– PM with unipolar line code for 0 or q phase (not

common)
– PM with Polar line code for +/- q phase (symmetrical

phase shift from unmodulated carrier)
– DSB-SC with a Polar line code, q=+90, -90 degrees

• Simple electronics to produce
• Requires a form of synchronous demodulation

unless DPSK is used
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Binary Signals: BPSK- Binary Phase Shift Keying
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Binary Signals: BPSK- Binary Phase Shift Keying
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Figure 5–20 PSD of  BPSK  (positive frequencies shown).

see: eq 5-79, 5-2b,3-41 and note R=1/Tb

Couch, Digital and Analog Communication Systems, Seventh Edition                                                                               ©2007 Pearson Education, Inc. All rights reserved. 0-13-142492-0

Figure 5–22 Detection of BPSK and DPSK.

The low-pass filter is often a
matched filter, (integrate and dump)
for the lowest BER
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FSK- Frequency Shift Keying
MSK – Minimum Shift Keying

GMSK- Gaussian MSK

EELE445-13
Lecture 34

Text Section 5-9,11

Binary Signals: BPSK- Binary Phase Shift Keying
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Binary Signals: FSK - Frequency Shift Keying
• The Frequency of the carrier is shifted by Df

between sending binary 0 to binary 1
• FM signal line codes with 0-1 symmetry

(polar etc) are used for the binary modulating
signal

• FM demodulator: PLL, Ratio Detector, Foster
Seeley Discriminator
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deviationfrequencypeakis
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Figure 5–23 Generation of FSK.
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Figure 5–24 Computer communication using FSK signaling.

Couch, Digital and Analog Communication Systems, Seventh Edition                                                                               ©2007 Pearson Education, Inc. All rights reserved. 0-13-142492-0

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

R
fh D= 2
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Figure 5–26 FSK spectra for alternating data modulation
(positive frequencies shown with one-sided magnitude values).

R
fh D= 2

Couch, Digital and Analog Communication Systems, Seventh Edition                                                                               ©2007 Pearson Education, Inc. All rights reserved. 0-13-142492-0

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

R
fh D= 2
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Figure 5–27 PSD for the complex envelope of FSK
(positive frequencies shown).

Couch, Digital and Analog Communication Systems, Seventh Edition                                                                               ©2007 Pearson Education, Inc. All rights reserved. 0-13-142492-0

Figure 5–28 Detection of FSK.
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Binary Signals:  MSK- Minimum Shift Keying

• MSK definition: Continuous-phase FSK with a minimum
modulation index (h=0.5) that will produce orthogonal
signaling. (see text for derivation)

• bandwidth conservation technique that has a constant
envelope and low spectral side lobes

• Type 1 MSK pulse shape is alternating positive and
negative half-cosinusoids. This reduces side-lobe
amplitudes.  Also called FFSK (fast frequency shift
keying) when h=0.5

• When h>0.5, MSK is FSK with cosinusoidal pulses

bits/secinratedatatheis
deviationfrequencypeakis

indexorconstantmodulationdigitalfmthe

R
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R
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º
2

MSK, GMSK- Minimum-Shift Keying
• these are a type of M=4 modulation
• equivalent to OQPSK with sinusoidal pulse

shaping
• Type 1 MSK- pulse is always pos ½

sinusoid
• Type 2 MSK- pulse alternates +/-

amplitude ½ sinusoid.
• GMSK is MSK with Gaussian pulses
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Figure 5–34 MSK quadrature component waveforms (Type II MSK).

Signal examples using National Instruments:

This software (81Mb) is free at
https://decibel.ni.com/content/groups/rf-developers-network/blog/2008/11/17/baseband-developers-kit
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Figure 5–35 PSD for complex envelope of MSK, GMSK, QPSK, and OQPSK,
where R is the bit rate (positive frequencies shown).

36

5-10  Multilevel Modulated
Bandpass Signaling

EELE445-13
Lecture 35
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Complex Envelope

Couch, Digital and Analog Communication Systems, Seventh Edition                                                                               ©2007 Pearson Education, Inc. All rights reserved. 0-13-142492-0

Figure 5–29 Multilevel digital transmission system.

rateBitbRRateSymbol
l

b
s

RRD ==

M = number of required  waveform possibilities per Ts
R = is the binary bit rate
Tb = is the binary symbol duration
D = the symbol Rate
Ts = the symbol duration

note that symbol error rate is not the same as bit error rate
since a symbol error may result in more than one bit error.
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Figure 5–31 Generation of QAM signals.

Couch, Digital and Analog Communication Systems, Seventh Edition                                                                               ©2007 Pearson Education, Inc. All rights reserved. 0-13-142492-0

Figure 5–31 Generation of QAM signals.
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M=4- QPSK, OQPSK,  and MPSK

• When M=4-level digital, M-ary phase shift keying
is generated -MPSK.

• The complex envelope contains 4 points, one for
each possible bit combination.

• This M-ary case is called Quadrature Phase Shift
Keying- QPSK

M=4 QPSK, OQPSK,  and MPSK

• OQPSK, Offset QPSK, the I and Q data streams
are filtered and offset by ½ symbol.  This reduces
the magnitude of the envelope fluctuations.

• For MPSK with M>4, the possible states (symbols)
are on a circle with a magnitude of Ac.  All symbols
have equal power, <|g(t)|2> is constant



22

M=4:  QPSK, OQPSK,  and MPSK
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Figure 5–30 QPSK and p/4 QPSK signal constellations
(permitted values of the complex envelope).



23

Figure 5–32 16-symbol QAM constellation
(four levels per dimension).

Multi-level: QAM and MPSK

16QAMforQPSK,for
codelinepolaraforoneorzeroaofvoltagepeaktheis

symbol;kthepulsesretangularfor
:QAM

th

42

2
1

2

2)(

)()()()( )(

==

=
-

+-=÷÷
ø

ö
çç
è

æ
P=

+==

ll
A

MkM
AAA

T
tAtx

tjytxetRtg

l
k

s
kk

tjq

patternbitthetoingcorrespondsymboltheis1..Mmwhere

ofvaluesPossible

thth

m

tj

mm

m
M

t

tjAtAAetgMPSK

=

+=

+==
360:)(

))(sin())(cos()(:

0

)(

qqq

qqq



24

TABLE 5–6 V.32 MODEM STANDARD

TABLE 5–6 (continued) V.32 MODEM STANDARD
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TABLE 5–7 V.32BIS AND V.33 MODEM
STANDARDS

data pulses, where
R is the bit rate, and

is the baud rate (positive
frequencies shown). Use

for PSD
of QPSK, OQPSK, and π/4
QPSK complex envelope.

(See Example5_12.m.)

M = 2 l

R / l = D l = 2
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EFFICIENCY FOR QAM
SIGNALING WITH RAISED
COSINE-ROLLOFF PULSE
SHAPING (USE M = 4 for
QPSK, OQPSK, and π/4

QPSK signaling)

Figure 5–34 MSK
quadrature component

waveforms (Type II MSK).
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Figure 5–35 PSD for
complex envelope of MSK,

GMSK, QPSK, and OQPSK,
where R is the bit rate

(positive frequencies shown).

Figure 5–36 Generation of
MSK signals.
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TABLE 5–9 SPECTRAL
EFFICIENCY OF DIGITAL

SIGNALS

Couch, Digital and Analog Communication Systems, Seventh Edition                                                                               ©2007 Pearson Education, Inc. All rights reserved. 0-13-142492-0

Figure 5–32 16-symbol QAM constellation four levels per dimension).

Constant power
Radius- MPSK


