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Outline

1. Electromagnetic Signalsô 
Characteristics

2. Data, Signal, and Transmission

3. Analog Transmission of Digital Data

4. Digital Transmission of Analog Data
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Electromagnetic Signals

ÈFunction of time

Â Analog

Èvaries smoothly over time

ÂDigital

Èconstant level over time, followed by a change to 
another level

ÈFunction of frequency

Â Spectrum (range of frequencies)

Â Bandwidth (width of the spectrum)
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Periodic Signal Characteristics

Â Amplitude (A) : signal value, measured in volts

Â Frequency ( f ) : repetition rate, cycles per 
second or Hertz

Â Period (T): amount of time it takes for one 
repetition, T=1/ f

Â Phase ( f) : relative position in time, measured 
in degrees or radians
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Analog Signal

ÈRepresented by sine waves 
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Phase

Frequency: 1 Period/Sec = 1 Hertz
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Data

ÈAnalog data

Â Voice

Â Images

ÈDigital data

Â Text

ÂDigitized voice
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Data Transmissions

ÈAnalog Transmission of Analog Data 
Â Telephone networks (PSTN)

ÈDigital Transmission of Digital Data
Â A computer system

ÈAnalog Transmission of Digital Data
ÂUses Modulation/Demodulation (Modem)

ÈDigital Transmission of Analog Data
ÂUses Coder/Decoder (CODEC)
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Analog Encoding of Digital Data

ÈData encoding and decoding technique to 
represent data using the properties of 
analog waves

ÈModulation : the conversion of digital 
signals to analog form

ÈDemodulation : the conversion of analog 
data signals back to digital form
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Methods of Modulation

ÈAmplitude Modulation (AM) or 
Amplitude Shift Keying (ASK)

ÈFrequency Modulation (FM) or 
Frequency Shift Keying (FSK)

ÈPhase Modulation (PM) or Phase Shift 
Keying (PSK) 

ÈDifferential Phase Shift Keying (DPSK)
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Amplitude Modulation (AM)

ÈThe amplitude (or height) of the sine 
wave varies to transmit the ones and zeros

ÈDigital Version: ASK

ÈMajor disadvantage : Telephone lines are 
susceptible to variations in transmission 
quality that can affect amplitude

May 6, 2018 11



AM and ASK

Time
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Frequency Modulation (FM)

ÈFrequency of the carrier wave varies in 
accordance with the signal to be sent

ÈSignal transmitted at constant amplitude

ÈAdvantage : More resistant to noise than ASK

ÈDisadvantage : Less attractive because it 
requires more analog bandwidth than ASK
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FM and FSK

Time
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Phase Modulation (PM)

ÈFrequency and amplitude of the signal 
are constant

ÈSignal shifted in phase according to the 
input data stream

ÈEach phase has a constant value

May 6, 2018 15



PM and PSK

Time
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0 1 1

Differential Phase Shift Keying 
(DPSK)

0

Based on whether or not phase changes
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Sending Multiple Bits 
Simultaneously (AM)
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Sending Multiple Bits 
Simultaneously (PM)
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PSK and Constellation
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PSK Modulated Signal
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QPSK and Constellations

ÈQuadrature Phase Shift Keying (QPSK) 
Â Interpreted as two independent BPSK systems 

Â Same performance but twice bandwidth efficiency

Â 2 bits are transmitted in single modulation symbol 

Carrier phases 

{0, p/2, p, 3p/2} 
Carrier phases 

{p/4, 3p/4, 5p/4, 7p/4} 
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QPSK Modulated Signal

For QPSK bit rate = 2 * baud rate
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Sending More Bits

Ç In practice, the maximum number of bits sent 
with any one of these techniques is about five.  

ÇSending more Bits : Combine modulations.

ÇPopular technique is Quadrature Amplitude 
Modulation (QAM) 

Ç Involves splitting the signal into different 
phases and different amplitudes . 
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16 QAM Constellations (1)
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16 QAM Constellations (2)
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64 and 256 QAM Constellations 
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Example

ÈUse a drawing to show how the bit 
pattern 11100100 would be sent using 
a combination of 1-bit Amplitude 
Modulation and 1-bit Phase Modulation 
(1AM+1PM). 
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OFDM ïBasics

Ç 48 data subcarriers + 4 pilot subcarriers. 
Ç A NULL at center carrier. 
Ç Around each data subcarrier is a subchannel
ÇCarrying a low bitrate signal ïlow intersymbol 
interference).
Ç Phase difference of adjacent subcarrier = 90 degree so that interference = 0. as cos 90 = 0

Frequency16.25 MHz

Data SubcarriersPilot subcarrier

52 subcarriers
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High Data Rates ïCalculation 

Symbol duration = 4 ms

Data -carrying subcarriers = 48

Bits / subchannel = 6  (64 -QAM)

Bits / OFDM symbol = 6 x 48 = 288

Channel coding: Reduced to 3/4 x 288           
= 216 bits/symbol 

=> Bit rate = 216 bits / 4 ms = 54 Mbit /s
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Adaptive Modulation & Coding 

Modulation

BPSK 1/2

BPSK 3/4

QPSK 1/2

QPSK 3/4

16-QAM 1/2

16-QAM 3/4

64-QAM 2/3

64-QAM 3/4

Bit rate

6 Mbit/s

9 Mbit/s

12 Mbit/s

18 Mbit/s

24 Mbit/s

36 Mbit/s

48 Mbit/s

54 Mbit/s
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