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Chapter Three

Principles of Digital Data Transmission




Section A

Linear Modulation Schemes
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Instantaneous Transmitted Signal
Sm(t) = Real{Ap,g(t)e™/ et om)y

Sm,pe(t) = Real{A,,g(t)e ~Jom}

Linear Modulation Types

Linear Modulation An Om Constellation
A,,: amplitude defined by mapping ASK/PAM Variable Fixed 1D
¢om: phase offset defined by mapping j[> PSK Fixed | Variable 2D
g(®): the pulse-shaping filter QAM Variable | Variable 2D

Transmitted Data

-1 N-1

N
Xy = z Sp(t —nTy) = Real{ Y Apg(t —nTy)e@Hc(t=nTs)+om)
n=0 n=0
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Instantaneous Transmitted Signal

@ < >
3
Sm(t) = Apg(t) cos2rmf.t) = Am\/% @(t) ‘
(a) M=2
M-ary amplitude: 00 01 ‘ 1 o
Ay = +1,+£2,...,2(M — 1) ‘
(byM=4
1D orthogonal basis:
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& & o—

2
@(t) = J;g(t)cos(Zﬂfct) o
g c) M=



M-ary Phase Shift-Keying (M-PSK)

Instantaneous Transmitted Signal

Sm(t) = g(t) cosnf.t + @) 0

2
= 2 cosC m~ 1010 + |2 sinCr (m — 1)pa(®

2D orthogonal basis:

2
p1(t) = jg:g(t)cos(anct)
g _I.l

2
@2(0) = - Eg(t)sin(zw)
g
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M-ary Quadrature Amplitude Modulation (M-QAM)

Instantaneous Transmitted Signal

Sm(t) = Ang(t) cos2nf .t + @)

€g €g
= A o @, (t) + Amq o @2 (1)

A
A, = \/A,Zm- + A2, ¢m = tan~} (=)

mi

2D orthogonal basis:

2
p1(t) = j;g(t)cos(Zﬂfct)
g
2
P, (t) = — \/e:g(t)sin(Zﬂfct)
g
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MQAM = Mysg Mpsgk

Koam = Kask + Kpsk

M=16




Section B

Non-Linear Modulation Schemes
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M-ary Non-Linear Modulation Techniques

Instantaneous Transmitted Signal

Sm(t) = Real{S,, gze’?™<t}

FSK is a special case of the
construction of the orthogonal
signals.

—)

Non-Linear Modulation Types
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Non-Linear Modulation
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Instantaneous Transmitted Signal . .
Modulation Types with Memory

Sn(t) = \/E cos(2rf.t + @(t;1) + @) Modulation
r CPM
= CPFSK
(p(t; I) = 27 Z IthQ(t — kT) MSK
fe=—o GMSK
OQPSK

t
q(t) = j g(t)dr h,: modulation index
0

« The phase of the signal is constrained to be continuous.

« This constraint results in a phase or frequency modulator that has memory.

« To avoid the use of signals having large spectral side lobes, the information-bearing signal
frequency modulates a single carrier whose frequency is changed continuously.



Section C

Pulse-Shaping Filters




Pulse-Shaping Filters

h(t)

Mapped
Signal

Pulse-Shaping Filter

H(f)

Filter Types

* Rectangular

* Gaussian

» Raised Cosine

* Root-Raised Cosine

Modulated
Signal

Roll-off factor
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Section D

Channel Coding/Decoding




Wireless Digital Communications Slide 15 of 18

Source Channel Pulse-Shaping
Coding Coding Filter
Compression
& Encryption Wireless
Medium
Channel Matched Filter &
De-coding Signal Recovery } I
1 |
I De-compression '\ Line De-coding Compensate for ,' :: :
\ & Decryption \ Channel Effects 7,/ !
\\ \\ ________________________ /,/ \\ /,

Baseband Coding Antenna & RF



Channel Coding/Decoding Techniques
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Forward error
correction
(FEC)

Block codes

Linear block codes

Cyclic codes

Linear block codes BCH codes

Reed-Solomon
codes

Convolutional codes | -

Turbo codes -

Space-time coding | Alamouti

Trellis

Application

Transport

Network
Link

Physical
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Section E

GNU Radio and SDR
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Preferred GRC Blocks:

Transmitter Wireless Channel Receiver

Wav. file source

Signal source

Low Pass Filter

Packet Encoder
QAM Modulator
Throttle

Time sink

Frequency sink

Constellation sink

Note: You may need other essential blocks.



