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Analogue and digital information (CEP 1.5.2 — 1.5.2.2)

e Analogue information is continuous in time (or space) and continuous in value

— e.g. the temperature in this room has a value at every possible time and that
value can be anything above —273.15°C.

— Other types of analogue information include pressure, audio signals, images
captured on film (these are continuous in space rather than in time).

e Digital information is discrete in time (or space) and discrete in value

— e.g. a 1080p30 video signal displays 30 frames per second, each comprising
1920 x 1080 pixels.

— A 1080p30 video signal is discrete in time and space because it does not have a
value in between pixels and in between frames.

— A 1080p30 video signal is discrete in value because each pixel has a colour
selected from a limited set of (only!) 16.7 million.

— Other types of digital information include Binary diglTs (bits) {0,1}, decimal
digits {0,1,2,...,9} and letters {a,b,c,...,z}.
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Channel (CEP 1.4.5 - 1.4.5.3)

e Closed channels use a physical connection between the transmitter and the receiver.

® c.g.

— Twisted pair uses two wires twisted together that convey a voltage differential.
Used for telephone, Ethernet and ADSL.

— Coaxial cable uses a conductor within an earthed sheath. This has a longer range
and higher data rate than twisted pair, but has been mostly replaced by optical
fibre.

— Waveguides are metallic tubes in which radio waves are guided by reflection.

— Optical fibres are waveguides for light. They are made of glass and the light
reflects off the interface with the surrounding sheath, which is made of glass
having a lower refractive index. Optical fibres allow very high data rates and are
used as the backbone of the Internet and telephone networks. They are immune
to electrical interference and cross talk. Also they insulate the transmitter from
the receiver and are small and cheap.
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e Radio is an open
broadcast and mobility.

Radio (CEP 1.4.5.4)
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Electromagnetic spectrum
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Figure 1.14 The electromagnetic spectrum. ELF = extremely low frequencies
(30-300 Hz); VF = voice frequencies (300-3000 Hz). For the abbreviations in
the radio band see Table 1.6.

Table 1.6 Typical services in various radio frequency bands.

Frequency band

Typical services

VLF (3-30 kHz)
Very low frequency
LF (30-300 kHz)
Low frequency

MF (300-3000 kHz)
Medium frequency

HF (3-30 MHz)
High frequency

VHF (30-300 MHz)
Very high frequency

UHF (0.3-3 GHz)
Ultra high frequency
Sub-bands:

L band = 1-2 GHz

S band = 2-4 GHz

SHF (3-30 GHz)
Super high frequency

Sub-bands: C = 4-8; X =
8-12; Ku=12-18; K =
18-27GHz

EHF (30-300 GHz)
Extra high frequency

. Long-range navigation

Ky =

Submarine communication
Long-range navigation

Marine communication

w N =

Radio beacons

AM broadcast (550 kHz-1.6 MHz)
Direction finding

sl e

Maritime radio

1. Amateur radio

2. International broadcasting

3. Long distance aircraft and ship communication
4. Military communication

5. Telephone, telegraph and fax

1 Aircraft navigational aid

2 AM aircraft communication

3. FM radio broadcast (88-108 MHz)

4.

VHF Television (54-88 MHz for channels 2-6; and
174-216MHz for channels 7-13)

. Cellular telephone

. Microwave links

. Navigational aids

. Personal communication systems (PCS)
Radar

- UHF TV (470-890 MHz for channels 14-83)

o L AW N =

-

. Satellite communication
2. Radar

3. Microwave links

1. Experimental
2. Radar

Sub-bands: Ka = 27— 40; V 3. Satellite communication

=40-75 GHz

Sub-bands above 300 GHz: Sub-millimetric (300 GHz-3 THz); far-infrared (3-30
THz); near-infrared (30-430 THz) used for optical fibre communication; and visible

light (430-860) THz
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Radio propagation (CEP 1.4.5.4)

e Different frequencies propagate in different ways.

— Diffraction causes ground wave propagation for frequencies below 2 MHz, like

AM broadcast signals.

— Varying refractive indices in the layers of atmosphere cause reflection for
frequencies between 2 and 30 MHz. The Earth and the atmosphere create
an atmospheric waveguide, allowing very long range communications when the
weather permits.

— Frequencies above 30 MHz will only propagate using line of sight.

lonosphere —

Sky wave
lonospheric scatter

Tropospheric scatter
Line-of-sight (LOS)

Ground wave

Figure 1.15 Different radio wave propagation modes in the
atmosphere.
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Relaying techniques (CEP 1.4.5.4)

e Satellites allows broad-area coverage and can act as relays for round-the-world
communication.

— Satellites at an altitude of 35874 km will have geostationary orbits, having a
period equal to that of the Earth’s rotation. They can therefore stay above any
fixed point on the equator. The long distance imposes a 0.24 s round-trip delay
and weak signals. This doesn’'t matter for broadcast TV, which uses directional
satellite dishes.

— Low and medium Earth orbits are used when stronger signals and lower delays
are required, like in GPS. When used for communications, the satellites must be
able to hand calls over to each other when they disappear over the horizon.

e Cellular communications uses a network of geographically separated basestations,
which communicate with each other using closed channels. Mobile handsets
communicate with each other via the nearest basestations, which act as relays.
Basestations must be able to hand calls over to each other when the mobile handset
moves out of range.
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Engineering Principles, © Ifiok Otung, published 2001 by Palgrave

e (a) Simplex channels pass information in only

one direction from transmitters to receivers,
like with audio/television broadcast, pagers, IR
remote controls, radar.

(b) Half-duplex channels pass information in
both directions between transceivers, but only
one direction at a time, like with walkie-talkies.

(c) Full-duplex channels can pass information
between transceivers in both directions at the
same time by using different frequencies or
time slots, for example. Telephone and data
networks are full-duplex.

Rob Maunder
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Figure 1.17
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Point-to-point (CEP 1.5.1.3)
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e (d) The above channels are point-to-point if
there is only one transmitter and one receiver

(or a pair of transceivers).

e (e) Point-to-multipoint channels have one

transmitter
audio/television broadcast.

e (f)

and many

receivers,

like In

Multipoint-to-multipoint channels have

many interconnected transceivers, like in local
area networks.
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MOdulator and DEModulator (modem) (CEP 1.4.3.4 — 1.4.3.6)

e Modulator places the message onto the channel. With baseband modulation this
may be performed directly, in carrier modulation a carrier wave is modulated with
the message before being placed onto the channel.

e Demodulator recovers the message from the channel.

e Antennas are used for radio schemes, while lasers and Light Emitting Diodes (LEDs)
are used for optical fibre and Infra-Red (IR) schemes.

11



ELEC1323 Communications: 1 Overview of Communication Systems Rob Maunder

Digital vs analogue modulation (CEP 1.5.2.3)

e Advantages of digital modulation:

— Noise immunity, error correction and regeneration: An analogue demodulator
can never be sure if a particular component of a received signal is information
or noise. A digital demodulator knows that the transmitted signal has a value
chosen from a limited set of possibilities - the demodulator chooses the signal
value that is most likely and (more often than not) this removes the noise. Even
when the noise is strong enough to cause the demodulator to choose the wrong
signal value, digital error correction techniques can be used to fix the mistake.
Relays can use these methods to regenerate a digital signal before passing it on.

— Flexibility and integration: A particular digital modulation scheme can be used
to transmit any type of digital information and can integrate lots of different
types into a single signal.

— Privacy and security: Data encryption can be easily applied to digital information.

— Low cost: Digital processing is typically much cheaper than analogue processing.

— Low dynamic range: Digital signals typically have a constant transmission powetr,
allowing power efficient transmitters and receivers to be built.

12
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Digital vs analogue modulation (CEP 1.5.2.4)

e Disadvantages of digital modulation:

— High bandwidth: Digital modulation schemes require more bandwidth than
analogue ones unless complex compression algorithms are used.

— Complexity: Digital modulation schemes have a higher complexity than analogue
ones because they perform more processing and require synchronisation.

— Quantisation distortion:  Quantisation is necessary for analogue-to-digital
conversion, but it is inherently lossy and degrades the quality of the transmitted

information.
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