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Abstract

As of 2008, Swedish television broadcasting will be entirely digital. This report

presents the new technology, as well as its purpose. A short historical background

is given in the introduction, where the development of Swedish television and the

decision for digital broadcasting are presented. The main part explains the tech-

nology behind digital television by following the TV picture from its origin to its

destination. The involved methods and techniques, like howto represent a picture

with numbers or how to transmit the program via the air, are described clearly. The

focus lies on design instead of technical details, giving anunderstandable overview

for the interested user. The end of this report analyses consumer and broadcaster

positions and also examines the backgrounds for digital television in Sweden.
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1 Introduction

Television has become an important part of our society sinceit was �rst introduced

about sixty years ago. Starting out as a fancy tube in the corner, it now serves as a

major distributor of information, education and entertainment. In Sweden, people

spend on average two and a half hours per day in front of a TV [1].

Both broadcasters and consumers demand a reliable and cost-e� ective way to

transmit programs. This is an ongoing challenge and a �eld ofconstant develop-

ment, especially for the transmission via antennas. The �nite capacity of frequency

bands holds a natural limit for the amount of channels.

1.1 Swedish Television Broadcasting

Public service television has a stronghold in Sweden. Services started with one

nationwide channel in 1956. The government decided againstprivate owned chan-

nels and launched another public service channel in 1970. The �rst commercial

channels were broadcast from London via satellite in 1987 and were not allowed

to broadcast via antenna until 1992.

Today, only 34 percent of Swedes are receiving television over the air (terres-

trial). Most of the commercial channels are transmitted viasatellite and cable and

only one channel is available via antenna. Despite this, theSwedish public service

broadcaster “Sveriges Television” (SVT) still holds a market share of 43 percent

[2].

1.2 From Analog to Digital

Sweden was one of the �rst European countries to launch digital terrestrial televi-

sion in 1999, without closing the analog system. The projectstruggled with tech-

nical di� culties and low acceptance by consumers, who saw no reason tochange

habits. The acceptance was also reduced due to a subscription fee that had to be

paid in order to receive the digital programs.

In 2003 the Swedish government decided to migrate entirely to digital broad-

casting. This transition is being carried out in �ve phases from 2005 until 2008. In

every phase analog transmitters for a certain area are replaced by digital transmit-

ters. Since 2005 reception is possible without a subscription.

For the �rst time since the 1960s, viewers have to change equipment in order

to watch television. Reception conditions are changing, producing immense costs
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for the individual in some cases. The aim of this report is to give more information

about the technology behind digital terrestrial television and the use of it.

2 Digital Terrestrial Television and Its Use

Terrestrial transmission is the simplest way to deliver programs to viewers, because

radio waves travel easier in the air than in solid materials like copper. That makes

it possible to cover wide areas with relatively little amount of technology. In con-

trast to satellite transmission, areas of terrestrial reception can be controlled more

carefully, for example to match domestic territory.

However, the transmission of analog signals through the airholds also some

di� culties, which are due to the nature of radio wave propagation:

� Attenuation and di� raction occurs due to the inherent resistance of air.

� Direct sight between sender and receiver is indispensable,as electromagnetic

waves travel straight.

� Echos and blackouts are caused by mountains and other objects placed in the

signal pathway.

� The number of channels is limited by the �nite amount of frequencies avail-

able to radio signals.

Digital signal processing makes it possible to overcome some of these di� cul-

ties. The signal can be compressed by eliminating redundantor non-vital informa-

tion, which narrows the signal bandwidth (that is the span offrequencies occupied

by a signal) and leaves more space for other channels. Furthermore, echos can be

compensated through special modulation features.

2.1 The Standard for Terrestrial Transmission

Television is designed for humans and utilises certain limits of the human eye.

Our sight uses the same colour model as television, which consists of three base

colours: red, green and blue (RGB). The information densityfor these colours is

reduced, because the eye has more receptors for luminosity (light intensity) than

for colour. Television is based on the iteration of pictureswhich, at a certain speed,

is perceived as motion. The pictures' resolution is a well balanced compromise

between the comfort of sharp pictures and transmission capacity.
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Figure 1: Digital representation of a television picture

In order to be transmitted, the TV picture has to be coded intoelectrical sig-

nals. An analog signal represents the content of the picturewe see on the screen.

The picture is divided into small dots, called pixels, whichare scanned, one after

another, in a zigzag pattern from the upper left down to the lower right of the frame.

Every pixel contains information about luminosity and colour. The luminosity is

represented by the voltage amplitude of the signal, whereasthe colour information

lays in the frequency of a colour carrier wave.

2.1.1 Digitisation of Video and Audio

The analog television signal becomes digital by assigning every voltage level a

number. This process is called digitisation, and results inmatrices containing val-

ues for every pixel of the frame, see �gure 1.

In the digitisation of audio signals, every air pressure level is represented by a

number. The resulting data is similar to that on a audio CD.

The conversion from analog to digital is done in real time by very fast analog/

digital converters. Their digital output is then forwardedto other circuits for further

coding.

2.1.2 Encoding the Signal

The main purpose for encoding audio and video signals is to reduce the amount of

data. This reduction is done by eliminating information which is not essential to

the perception of the picture. Without this compression, the digital representation

of a signal would use more bandwidth than the original analogsignal. To match
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Figure 2: Modulation methods.

the capacity of a terrestrial transmission channel, the information density has to be

reduced substantially.

This reduction is achieved by digital signal processing, which makes it possi-

ble to reduce information even more than in analog techniques. Synchronisation

information, for example, demands much less data in digitalthan in analog form.

However, the di� erence between original and compressed signals is not perceivable

by the viewer.

Certain encoding standards have been developed in order to compress and en-

code signals. For digital television this is the MPEG-2 encoding standard, devel-

oped by the “Moving Picture Experts Group” [3]. This encoding removes content

with higher frequency from the picture, and eliminates redundant information.

Furthermore, the encoding reduces the amount of data by taking into account

that di� erent frames of a moving picture are very similar. Frames with full infor-

mation of the picture are followed by frames containing justdi� erences between

two pictures and frames containing motion vectors (describing where objects are

heading in the picture). This results in a dynamic amount of data, which depends

on the content of the video.

Audio compression in the MPEG standard builds upon featuresof the human

auditory sense. These features consists of so called masking e� ects. A sound,

which is dominated by another in either the frequency or the time domain, is not

perceived. Masked content of the audio signal is therefore eliminated.

2.1.3 Modulation and Decoding

In radio wave transmission, a carrier wave is modi�ed (modulated) by the infor-

mation signal. Classic modulation methods, such as modifying the amplitude or
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the frequency of the carrier wave, are insu� cient for transmitting digital signals.

Figure 2 illustrates the di� erent modulation methods.

Instead, other modulation methods are used. These methods vary phase and

amplitude of the carrier wave. Each digital value, further referred as symbol, is

represented by a certain angle and amplitude of the carrier.

This digital modulated carrier wave is too sensitive to be broadcasted over the

air. Interference and echos would corrupt the signal's datastream. In order to

outlast the duration of disturbances, every symbol is givenmore transfer time. In-

terference is compensated by dividing the carrier into several parallel carriers with

same content.

All these methods are combined into the standard for terrestrial digital video

broadcasting, DVB-T.

2.2 The Broadcasting Network

The Swedish Broadcasting Network is operated by Teracom, which is completely

owned by the Swedish State. The analog part of the network covers 99.8% of the

population. Teracom plans to reach the same �gure for digital broadcasts, even

though covering the great, underpopulated areas of Sweden is highly expensive.

Transmitters, like the one in Nacka [see �gure 3], are usually mounted to high

masts.

2.2.1 The Structure and Frequencies

Channels are combined into a stream, called “MUX”, where bandwidth capacity

can be assigned dynamically inside the stream. Data-intense programs can borrow

space from programs with less data.

Multi frequency networks, where di� erent senders have the same carrier fre-

quency, are used in certain areas of Sweden. These areas are covered by a number

of small senders, which are located close to each other. Thistechnique is a special

feature of digital broadcasting, and saves bandwidth.

2.2.2 Current State of the Transition

The transition from analog to digital broadcasting in Sweden has passed the sec-

ond phase of �ve phases in total. The migration is planned to be completed until

the end of 2007. Sender stations are being converted for digital transmission at a

6



Figure 3: Radio mast in Nacka, close to Stockholm. The red-and-white top section

houses the transmission antennas for the television signal. The mast carries also an-

tennas for other networks, such as radio broadcasting and mobile communication.

c
 Teracom [5]

constant rate during the transition. The conversion from analog to digital televi-

sion includes changes in the equipment on the ground, and seldom exchange of

antennas. However, it is sometimes necessary to change the angle or height of the

antenna.

2.3 Consumer Needs and Broadcaster Motives

The conversion of the entire broadcasting network from analog to digital transmis-

sion is not without complications. Consumers have to purchase new equipment.

Reception conditions may change due to the reorganisation of senders and fre-

quencies.
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The market for television equipment and service thrives, where antenna in-

stallations have to be installed or changed, and customers need service and new

receivers. Technicians have to learn working with the new technology as well.

Broadcasters bene�t from the new network capacity. They canlaunch new

channels and their broadcasting costs are falling. Licencing new television shows

and series is easier for the terrestrial network, because the covered territory is lim-

ited. The digital platform gives broadcasters room for new content and new in-

come.

3 Discussion

Digital terrestrial television has obvious technical advantages. More channels can

be broadcasted at lower cost. The integration with other digital equipment and

production methods is simple.

But the decision to convert the national broadcasting system was more political

than technical. Terrestrial television falls under national jurisdiction, giving the

government the control over the broadcasters. The system had to be updated, in

order to prevent migration of broadcasters to other platforms like satellite or cable.

Consumers are faced with new technology. All previous upgrades of the net-

work system were downwards compatible. The current upgradedemands new

equipment. Manufacturers are selling a great amount of receivers, seeing no reason

to include the technology in new TV sets.
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