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Sammanfattning 
TV- och radiosändningar har fram till nyligen endast distribuerats över analoga TV-
och radionät och tagits emot av traditionella TV- och radioapparater, men detta 
håller på att ändras i och med att sändningarna digitaliseras och konvergens sker 
mellan broadcasting, telekom och datakom. Nu kan även andra terminaler fungera 
som mottagare, t.ex. en PC med ett digital-TVkort eller ett digital-radiokort. Digital 
TV och radio erbjuder tilläggstjänster som t.ex. e-handel, tjänster kopplade till 
radio- eller TV-program och elektroniska programguider. Om samma tjänst ska 
kunna tas emot på flera olika mottagarterminaler med olika egenskaper, måste 
tjänsten anpassas efter terminalerna. Detta kan göras genom att skala tjänsten, dvs. 
utseendet och funktionerna varierar beroende på bl.a. terminalens kapacitet. I detta 
arbete har terminalaspekterna på skalbara tjänster undersökts. Aktuella och 
framtida terminaler, plattformar och eventuella skalbarhetslösningar presenteras, 
och deras påverkan på skalbara tjänster diskuteras. 

 



Abstract 
TV and radio services have always been distributed over analogue broadcasting 
networks and been received on a TV -set or a radio receiver. Today this situation is 
changing due to digitalization and convergence between broadcasting, 
telecommunications and data communications. Other terminals, such as a PC, can 
also receive TV and radio services. Digital TV and radio can offer additional services 
such as e-commerce, electronic program guides and content synchronized to the TV 
and radio shows. If these services are to be received by several receiving terminals 
with different properties, the services must be adapted to the terminals. This can be 
done by scaling the services, meaning that the appearances and functionality of the 
services vary depending on the terminals’ properties. In this thesis scalable 
services are examined from a terminal point of view. Present and future receivers, 
platforms and possible methods to achieve scalability are presented, and their 
effects on scalable services are discussed. 
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Chapter 1 

Introduction 
1.1 Background  
Traditional TV and radio services have always been distributed over analogue 
broadcasting networks and consumed on a TV-set or a radio receiver. Today this 
situation is changing and other terminals, such as a PC, can also receive TV and 
radio services. The services are no longer tied to one single terminal for their 
consumption. This development is enhanced as radio and TV broadcasting are 
moving from an analogue to a digital technology, and because of a trend towards 
convergence between broadcasting, telecommunications and data communications 
(see chapter 2.3). 

To enable consumption of one service on several terminals with different 
properties, a scalable service can be used. In a scalable service the complexity 
varies depending on the properties of the transmitter, the networks or the 
receiving terminal. This research only considers scalability due to the properties of 
the receiving terminal. For instance, an application, such as a game created for 
digital TV, is to be viewed on a mobile phone with a black and white screen. In that 
case, the functionalities of the game have to be simplified because the processing 
capacity of the mobile phone is much lower.  The colours must be converted since 
the screen only displays black and white, and the audio component must be 
modified since a mobile phone has different sound capacities than a TV-set. A 
scalable application performs the conversion automatically either at the terminal, 
or by a back-end system. There are two ways to scale an application. One method 
is to vary the presentation of data, e.g. pixel resolution, displayed size, 
compression algorithms. This is illustrated by example 1 in Figure 1.1. Another 
method is to vary what content is selected for display, e.g. varying its functionality, 
number of objects in a video clip. This is illustrated by example 2 in Figure 1.1 

 
 
 
 
 
 
 
 
 
 
 

  

Example 2 

Example 1 
Scaled application 1 

Scaled application 2 

Original application 
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Figure 1.1 There are two ways of scaling an application, either 
the presentation of data is varied (example 1), or what data is 
displayed is varied (example 2).  

A completely scalable application can run on all terminals and over all 
transmission networks, which is illustrated in Figure 1.2. This requires that the 
application is completely platform independent. If it cannot be transmitted over all 
networks, or cannot run on all terminals it is partially scalable. Partially scalable 
applications are more realistic, than completely scalable ones. 
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The Teracom group currently consists of eight companies wholly or partly 
owned by Teracom. Boxer TV-Access, responsible for set-top box (terminal) issues 
within the Teracom group, supplies digital TV et-top boxes to consumers. Senda is 
responsible for combining groups of TV channels into packages, to offer end-
customers subscription options. The set-top boxes distributed by Boxer are the only 
receiving terminals that are included in business activity within the Teracom 
group. 

1.2 Purpose 
The purpose of this thesis was to enlighten the area of scalable applications from a 
terminal point of view, and to investigate possible opportunities and threats for 
Teracom. The knowledge from a network aspect already exists at Teracom. 
Scalable applications could create opportunities for Teracom to extend its role as a 
network operator and distributor of mobile media and entertainment services by 
offering customers distribution of services to an increased number of terminals.  

1.3 Objectives 
The objective of this research was to examine how terminals can support platform 
independent services that can be adapted to the properties of the terminal. Other 
aspects of scalable applications are also considered, such as driving forces and 
players, quality and security aspects, and hardware and software constraints. 
Focus is on the terminals, but some consideration is also taken to the networks. As 
a result, recommendations for Teracom’s handling of scalable applications are 
suggested. 

1.4 Scope 
This research considers current terminals that can be addressed with Teracom’s 
digital networks DVB-T and DAB, and possible future terminals for these networks 
that are mobile or semi-mobile. It focuses on scalability performed by the terminal 
and on scaling by variation of an application’s complexity. Scaling by varying 
presentation of data is also considered when concerning bit-rate and size, but not  
compression algorithms. 

1.5 Method 
In order to examine the subject from a terminal point of view, the impact of the 
receivers, the platforms and the possible scalability methods on scalable 
applications has been studied. The first task was to find which receivers, platforms 
and solutions exist today, and which might be possible in the future. The second 
task was to examine their effect on the applications, which is discussed in each 
chapter. The new challenges that arise with scalability were also briefly studied, 
such as Quality of Service (QoS), Intellectual Property Rights (IPR) and security. 
Finally the most important observations in the discussions has been collected and 
put in perspective. 

This report continues the discussion presented in an internal Teracom report in 
a project concerning the future of digital TV and radio. Information has mostly been 
collected by reading white papers, as well as standard documents and published 
articles. Information about companies and organisations, and their services and 
products has partly been collected on official homepages. Having white papers 
and websites as sources has been necessary for acquiring relevant information, 
since the work is partly to examine commercial solutions and future technology 
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and because academic research within the area is very limited. Other sources to 
information have been interviews and discussions with employees at Teracom and 
correspondence with project and standardisation organisations, such as DVB and 
MPEG.  
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Chapter 2 

Broadcasting and Asymmetric 
Systems - Present and Future 

2.1 Digital Video Broadcasting (DVB) 
DVB [2, 3] is an industry-led consortium of over 300 broadcasters, manufacturers, 
network operators, software developers, and regulatory bodies that have defined a 
set of standards for digital TV broadcasting, commonly known by the name of the 
development group DVB.  The European Broadcasting Union (EBU) founded the 
DVB project in 1993 with the intention of providing a common format to enable 
adoption of digital TV broadcasting. One of the main goals was that the finished 
standards would prevent the digital world of broadcasting from including as many 
standards as the analogue world with its use of NTSC, PAL and SECAM, does. Since 
the European Telecommunications Standards Institute (ETSI) set DVB as a standard 
in Europe, it has been adopted for digital broadcasting in many countries. An EU 
directive has been signed that requires all member countries to choose DVB-T when 
implementing digital terrestrial TV broadcasting1. DVB has not become the only 
digital TV standard, even if it is used in most countries where digital TV 
broadcastings are available. The ATSC Digital Television Standard is widely 
implemented in North America and the ISDB-T digital broadcasting standard is 
implemented in Japan [4]. 

As the coding technique in the DVB standard, MPEG-2 was set for video encoding 
and a few different technologies are available for audio encoding. The main 
implementation area of DVB is to encode and transmit digital TV programmes. A 
programme, in DVB terms, is a single broadcast service such as CNN or MTV, not an 
individual TV programme as consumers normally use the word. Digital TV 
broadcasting offers better spectrum efficiency than analogue broadcasting does, 
since it is possible to use the capacity required for one analogue TV frequency to 
broadcast four to six digital TV programmes instead2. An Electronic Programming 
Guide (EPG) is transmitted together with the TV-programmes to make it possible for 
viewers to navigate between the different programmes broadcast over the same 
frequency. Specific tables are also included in the MPEG-2 Transport Stream (TS) to 
enable the right composition at the receiving terminals of the different packets 
included in the stream that constitute TV programmes. 
                                                           
1 Tullstedt, P. System Engineer Teracom, Interview December 2001. 
2 Dahlqvist, M., Research Engineer Teracom, Interview December 2001 
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It is possible to transmit other data than audio and video over the DVB 
transmission system. IP packets are one example of data that can be tunnelled. DVB 
has developed standards for delivery over satellite (DVB-S), cable (DVB-C), and 
terrestrial (DVB-T) networks. DVB-S is the DVB standard that has the highest market 
penetration [3]. 

2.1.1 DVB-T 
DVB Terrestrial (DVB-T) is implemented in for example Sweden in the broadcasting 
network operated by Teracom. Currently, February 2002, the DVB-T coverage in 
Sweden is 90 percent of the population. DVB-T is well suited for broadcasting to 
fixed rooftop aerials, portable and mobile receivers. DVB-T can offer broadcasting of 
for example local TV programmes to a smaller regional area, which is not possible 
with DVB-S. The UK, Finland, Spain and Australia are also broadcasting DVB-T 
commercially at present. Several other countries are test-transmitting DVB-T or are 
considering the choice of DVB-T and terrestrial digital broadcasting, which indicates 
that it is an expanding broadcasting technology [5]. 

Figure 2.1, presented in November 2001 by DigiTAG, the Digital Terrestrial 
Action Group, illustrates the situation of DVB-T in Europe. 
 

 
Figure 2.1 DVB-T situation in Europe (November 2001) [5]. 

As the importance of national security is more in focus in the US after recent terror 
attacks, the necessity of having a nation-wide protected communication channel 
for distribution of information has been emphasised. This has lead to a debate on 
the advantages of a possible nation-wide introduction of DVB-T and terrestrial TV 
broadcasting in the US. DVB-T has been presented to the American Department of 
Defence and is under consideration3. DVB-T is better suited than ATSC is for 
transmission in difficult terrain, for example mountain regions or big cities, since it 
is less sensitive to reception of echoes of the transmitted original TV signal. A good 
mobile reception is another factor that DVB-T offers that is difficult to achieve with 
ATSC or satellite transmission, which are limited to stationary and portable 
reception. These factors proved important after the attack on the World Trade 
Centre when a DVB-T transmission network was built on request in New York City 
in just a few days4.  DVB-T made it possible to transmit large amounts of 
                                                           
3 DVB Project Office, Geneva Switzerland 
4 Stare, E., Senior Research Engineer Teracom, Interview December 2001. 
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information to receivers utilised by rescue workers. An introduction of DVB-T in the 
US implies that the potential market of DVB-T receivers will increase considerably 
for content developers. 

2.1.2 IP over DVB-T 
As previously mentioned, other data than audio and video can be transmitted over 
DAB and DVB-T, for example IP packages can be tunnelled. 

MEMO (Multimedia Environment for Mobiles), an EC-project that ended in 1998, 
has developed a system solution for asymmetric communication via the 
combination of a broadband downlink and a narrowband uplink. The first MEMO 
specifications included DAB as the downlink and GSM as the uplink.  

SABINA (System for Asymmetric Broadband INternet Access) [6, 7] is a part of 
the work to extend the existing MEMO specifications to also include DVB-T as the 
downlink. It is a prototype system concept, developed by Teracom, for providing 
broadband, mobile Internet access via DVB-T. The DVB-T system is able to offer data 
rates in the range 10-15 Mbit/s in mobile environments. The combination of GSM 
and DVB-T is able to offer a mobile Internet Access system with a higher bandwidth 
than other mobile radio access system concepts existing today. GSM only offer a 
data-rate of 9,6 kbps and DAB a data-rate of 1,7 Mbps. 

Today most work regarding IP-tunnelling in DVB-T is done within the 
Multimedia Car Platform project, which is discussed in chapter 4.4.1. 

2.2 Digital Audio Broadcasting (DAB) 
DAB [8, 9, 10, 11, 12, 13] is a digital audio and data broadcasting system for 
reception by in-car, portable and fixed receivers using a simple telescoping 
antenna. DAB may be used on terrestrial, satellite, hybrid (satellite with 
complementary terrestrial), and cable broadcast networks, but the only DAB 
transmissions in Sweden are terrestrial. DAB can carry a number of services, 
including data that can be linked with the radio shows and independent data 
services. The data can be composed of either text or images, e.g. tables, sports 
results, images of the participants, and weather maps. The system development for 
the digital radio system DAB has been performed within the research projects 
EUREKA 147, which was established in 1987, with funding from the European 
Commission. When the project was finished it was merged into the international 
organisation WorldDAB. In 1994 the system specification was accepted as a 
standard by ETSI. 

The DAB system is a spectrum- and power-efficient broadcasting system, when 
comparing to conventional FM radio. It uses the digital audio compression 
technique MPEG 1 Audio Layer II and MPEG 2 Audio Layer II. This makes it possible 
for several DAB-channels to occupy the same frequency space as one analogue 
radio channel. A special feature called the Single Frequency Network (SFN) 
increases the spectrum-efficiency. In a SFN all transmitters, with the same set of 
sound programmes, operate on the same radio frequency. The transmitters in the 
network are synchronised and the bit streams that are transmitted must be 
identical. This makes it possible for a receiver to recognise the signal that comes 
from the nearest transmitter, and the signals from other transmitters in the 
network as echoes. In order to provide high power efficiency and strong error 
protection, a strictly controlled coding redundancy is applied to the signal. The 
transmitted information is spread in both frequency and time to eliminate the 
effects of channel distortions and fades at the receiver, even under conditions of 
severe multipath propagation. Tests conducted by ISO have verified that a sound 
quality subjectively equal to CD quality is achieved with a bit rate of 128 kbps per 
mono channel.  
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Sweden and the UK were the first countries with regular DAB-transmissions in 
1995. Currently the coverage in Sweden is 85 percent of the population, but in 
January 2002 Teracom, Swedish Radio, and The Swedish Educational Broadcasting 
Company (Utbildningsradion) made a decision to cease the broadcasting of the 
national digital radio channels, except in Stockholm, Malmö, Göteborg and Luleå. 
This decreases the coverage to 35 percent of the population. The close down is 
caused by a decrease of state subsidies to Swedish Radio’s digital channels, 
whether it is permanent or not is uncertain [14]. All western European countries 
have operational services of DAB and Belgium, Germany, Portugal, Switzerland, 
Sweden, and UK have greater coverage than 50% of the population. Canada also 
has operational services, and pre-operational services and testing has begun in 
Eastern Europe, South Africa and Australia. This is illustrated in the map in Figure 
2.2. The US and Japan are developing their own systems, IBOC [15, 16] and ISDB-T 
[4]. 

 

Operational Services 
Experimental Services 
Interest 
No Information 

Figure 2.2 World coverage of DAB in August 2001 [9] 

2.3 Convergence 
Convergence is defined in the Cambridge International Dictionary of English [17] 
as “the move towards the same point and meet there”. It is a trend towards offering 
more and more alike services and targeting the same kind of terminals via 
broadcasting, telecommunications and data communications. This is the definition 
of the word convergence that is applicable in this report. The focus of this report is 
on mobile networks, application and receivers but in general convergence is not 
limited to mobile communication scenarios. 

A new generation of mobile phones and other consumer products, for example 
PDAs have introduced access to multimedia content from mobile terminals. These 
new terminals have shown it is possible to expand the traditional ways of 
accessing information. An increasing number of applications today are no longer 
limited to consumption on only one kind of terminal. As a result, there is an 
increased interest today in individual access to a vast amount of multimedia 
content including TV, not only at home but also from mobile terminals everywhere.  

A convergence of broadcasting and telecom networks is a new idea that is 
discussed very loosely, for example by the DVB-UMTS group [18]. The aim is to find 
out if it could result in new services to mobile terminals, which will use the best 
qualities of different networks, attract consumers and generate profit to the 
companies involved. A complete convergence of the network operators within 
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broadcasting, telecom and data communications is not to be expected, at least in a 
near future. It is more likely that convergence will mean co-operation between the 
network operators to offer new services that would not be possible to offer over 
one network alone. The best properties of each involved network, e.g. GSM, GPRS, 
UMTS, WLAN, DVB and DAB, would hopefully be implemented in a co-operation 
scenario. Receiving terminals in a co-operation scenario will support interfaces for 
all involved networks, for example in a co-operation scenario with DVB-T and UMTS. 

UMTS is the next generation of mobile transmission networks. It provides a high 
mobility two-way service but it is restricted in capacity. Digital broadcast services 
on the other hand can provide high bit rate mobile reception. Figure 2.3 illustrates 
an overview of the basics bit rate and mobility of different networks [19]. 

 

Figure 2.3 Bit rate and mobility of different transmission 
technologies. 

2.3.1 Reasons for Convergence 
The general expectations on UMTS to offer new good quality multimedia services to 
mobile users are high. It is expected to offer a better transfer capacity than GSM and 
GPRS, but transmission of high bit-rate video will limit the number of simultaneous 
users in the coverage area. The same capacity used for one video transmission in a 
UMTS network could be used to serve ten times as many voice users [18] and it is 
doubtful that operators will acquire ten times as much income from each video 
stream. The delivery of video content to a large group of receivers over a broadcast 
network could offer a more economical transmission solution.  

Broadcasters are dependent on acquiring a return channel to be able to offer 
interactive services. DVB has developed an interactive return channel for terrestrial 
(DVB-RCT) [20, 21] as well as satellite (DVB-RCS) [22] broadcasting that utilise the 
existing broadcasting network. This means that existing fixed rooftop antennas can 
be used to automatically obtain a return channel, thereby not requiring a 
connection of a DVB receiver, for example a set-top box, to a fixed phone line.  
Since Teracom operates a DVB-T network, it is the DVB-RCT return channel of the 
two mentioned DVB return channels that is of interest to this thesis. A disadvantage 
of implementing DVB-RCT is that it is a return channel most suitable for stationary 
or portable terminals, for example STBs. DVB RCT is not optimised to function as 
return channels for mobile terminals. Another difficulty is the allocation of 
frequencies for the return channels. For receiver terminals to handle both DVB 
reception and DVB-RCT transmission, it is necessary to avoid interference. The most 
cost-effective alternative to do this is to have the return channel frequencies at a set 
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distance from the reception frequency. That might be difficult to achieve due to a 
limited availability of frequencies. Creating terminals that can manage different 
distances between the reception and transmission frequencies will be more 
expensive5.  

Employing co-operation with an operator of a telecom network e.g. GSM, GPRS 
or UMTS to supply the return channel from mobile terminals is a more likely choice 
for broadcasters than implementing DVB RCT, since those networks are optimised 
for mobile communication. This return channel scenario represents the simplest 
form of co-operation between the two networks. Nokia has presented the first 
demo of a portable convergence device supporting DVB-T, GSM and IP and it is 
referred to as a Media Screen. It provides access to Internet published information 
transmitted via DVB-T [23, 24]. When this thesis is written, Nokia has not presented 
any information on when or if this demo product will be manufactured and fully 
marketed. 

Convergence Scenarios 
The DVB-UMTS ad hoc group, consisting of representatives from broadcasting as 
well as telecom, has presented different convergence or co-operation scenarios [18]. 
The interoperability between the networks differs in these scenarios. A choice at 
the terminal level of delivery networks for a requested application is one co-
operation scenario. As mentioned earlier, UMTS can also be used to provide a 
return channel, an interaction channel, from mobile DVB receivers.  

The two most complex co-operation scenarios presented can be seen as true 
convergence scenarios. The first scenario supports the delivery of Digital TV 
programs via UMTS and requires receiving terminals with a UMTS user interface. For 
this to take place a specific TV service via UMTS has to be defined. The version of 
UMTS available today does not have the capacities, for example bit-rate, needed to 
handle such large material. A first suggestion for such a system is known as B-UMTS 
and it is presented by telecommunication companies. The second scenario requires 
receiving terminals to have a UMTS interface as well as a DVB interface, thereby 
capable of handling applications that transmit data over both networks at the same 
time. In this scenario DVB-T is used as a transmission technology in a mobile 
network, complementing a UMTS network. 

Challenges to Overcome 
Co-operation between networks face problems that have to be overcome before a 
functioning scenario can be presented. Even if there is continual development on 
the resource capabilities of mobile terminals, there is no practical possibility of 
incorporating the processing, memory, and battery and display requirements 
needed to handle interactive applications created for a high-end DVB receiver at a 
UMTS mobile handset today. Scalability of broadcasted applications will therefore 
be an important factor to implement convergence scenarios. The addition of UMTS 
functionality to a DVB receiving terminal will be easier than incorporating DVB 
reception to a UMTS terminal due to the previously mentioned limitations. Billing 
and spectrum allocation are other essential issues that are important to consider 
before realising a convergence scenario. The cost of developing convergence 
applications and terminals is another important factor that will have an influence 
on how convergence will be implemented. 

Finding services that are lucrative to offer for all network operators will be 
important to make convergence into a profitable business area. It may be difficult 
to specify one killer application; it is more likely that a combination of services 
available on one terminal will attract consumers to convergence terminals.  

                                                           
5 Stare, E., Senior Research Engineer Teracom, Interview December 2001. 
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Chapter 3 

DAB and DVB-T Receivers - 
Present and Future 

3.1 Introduction  
There are several different additional services for digital TV and radio, for example 
Electronic Program Guides (EPG), games, information services, applications 
synchronised to the TV or radio content. For digital TV there are also applications 
such as e-commerce, chat, e-mail, and web browsing. To enable consumption of a 
service, it is often necessary to customise it to the properties of the receiving 
terminal, the transmitter and the network. In this thesis it is only the properties of 
the terminals that are considered. The properties of the terminal that influence 
what applications can run on it are: 
 

• The hardware capacity of the terminal (e.g. CPU, memory) 
• The resources of the terminal (e.g. different front-ends, GSM unit, video 

decoder, audio decoder) 
• Presentation unit (e.g. display, resolution, colours, speakers) 
• Degree and way of user interaction (e.g. remote control, touch screen) 
• Available networks, both broadcasting channels and return channels (DVB, 

DAB, GSM, UMTS, etc) 
 
The terminals in this chapter are receivers that can, or may in the future, receive 
scalable services distributed over DVB-T or DAB. Terminals for other networks are 
not considered in this chapter, since Teracom cannot distribute services to those 
terminals at present. Collaboration with other network operators, e.g. GSM 
operators, Internet Service Providers (ISP), or other companies broadcasting DVB-C 
or DVB-S, could make it possible to reach other terminals as well. 
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3.2 Available Receivers Today6  
Terminals that are able to receive applications distributed over DVB-T and DAB are 
presented in this section. Their functionality, suitable applications, and dominating 
manufacturers are described. How the terminal’s properties influence the scaling 
of applications and the development of the terminals is discussed. 

3.2.1 Set-top Boxes  (STB)  
To be able to receive digital TV on analogue TV sets, the digital signal must be 
decoded. A STB is a box containing a decoder, which is connected to an analogue TV 
set. These are the most common digital TV receiver today. DVB-S, DVB-C, and DVB-T 
require different receivers. The majority of the models are designed for DVB-S 
reception because it has the largest market penetration. 

STBs are connected to a large colour TV screen, have relatively powerful 
processors, and a large memory capacity compared to for instance a mobile phone. 
Many STBs also include a modem, which enables true interactivity and Internet 
access.  These properties, in combination with the high bandwidth that DVB allows, 
make relatively advanced applications suitable for addressing STBs, such as e-
commerce, applications that are synchronised to the TV content, games, chats, e-
mail, and web browsing. An application, such as a web page, targeted for the PC 
can keep much of the same functionality on a high-end STB, since their capabilities 
increasingly resemble the capabilities of a PC. Some alterations are always 
necessary, due to the physical differences between a TV screen and a PC monitor, 
such as compensations for different aspect ratio and lower horizontal resolution on 
a TV screen. There are also basic terminals with fewer resources, which do not 
support these applications. The diversity of terminals makes it meaningful to 
create scalable applications, even when solely addressing different STBs and 
Integrated Digital TVs.  

Regarding hardware, the new generation of STBs include much of the 
functionality of Personal Video Recorders (PVR), [24, 25, 26] where hard discs are 
included. The hard disk makes it possible to record, time-shift, and to download an 
application and store it on the hard disk. Set-top boxes incorporating PVR 
functionality are sometimes referred to as Personal Digital Recorders (PDR). This is 
done to emphasise the extended capacity compared to a PVR, which only can store 
and encode the incoming analogue audio and video signal. Some STBs also include 
a digital radio receiver, mp3-player, etc [24]. But there is not only evolution 
towards advanced STBs. There are also business players, mostly content providers, 
expressing needs for basic STBs [27], whose only function is to present the basic 
service TV. A limited functionality could make it possible to offer cheaper boxes, 
which might speed up the transition from analogue to digital technology. There 
are several manufacturers of STBs, such as Sagem, Nokia, Pace, Motorola [28]. STBs 
from the three former manufacturers are illustrated in Figure 3.1, Figure 3.2 and 
Figure 3.3.  

 

                                                           
6 February 2002 
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Figure 3.1 Sagem ITD 4000 –
one of the STBS currently on 
sale for terrestrial digital TV 
on the Swedish market. 
 

 
Figure 3.2  Nokia 
Mediaterminal 510 S – 
Includes a hard disc, a digital 
radio receiver, games, etc. 
Currently only for DVB-S. 

 
Figure 3.3 Pace PTR 3000 
Personal Television recorder. 
Digital recorder, twin tuners, 
hard disk drive, and modem. 
For DVB-S in the UK.  

3.2.2 Integrated Digital TVs (IDTV) 
An Integrated Digital TV set (IDTV) is a TV set with an integrated digital TV receiver, 
which is an alternative to set-top boxes for digital TV reception. Today an IDTV can 
be compared to a basic STB. There are currently two types of IDTVs, with or without 
Conditional Access (CA) modules. If they do not include CA systems it is only 
possible to receive free-to-air channels, which are channels that are not encrypted. 
In Sweden there are currently no free-to-air channels for terrestrial digital TV. The 
same applications targeted towards basic STBs are also appropriate for IDTVs, but 
they do not have the same capacity as a high-end STB today, and they do not have 
Internet access.  

IDTV sets are not as common as STBs, and they appeared later on the market. A 
reason for this can be that IDTV sets are expensive compared to set-top boxes, and if 
a digital TV subscription is changed e.g. from satellite to terrestrial reception, the 
entire IDTV set has to be replaced. Grundig, see Figure 3.4, has presented an 
integrated home entertainment device containing a TV with optional replaceable 
modules, e.g. digital TV receivers [29]. Despite its limitations, IDTV sets are expected 
to increase in popularity since they offer an integrated solution to change from 
analogue to digital TV. In the UK, where BBC broadcasts free-to-air, the IDTVs 
without a CA-module are an easy way to get free-to-air channels [30]. IDTVs for DVB 
are currently only available for terrestrial digital TV. A few different models are 
available in the UK, e.g. Philips [31], Sony [32], and Thomson [33]. These terminals 
are illustrated Figure 3.4, Figure 3.5 and Figure 3.6. IDTVs are also available on the 
US market as HDTVs [34], but they do not support DVB-T today.  

 
Figure 3.4 Grundig’s LENARO 
92, an IDTV with optional 
modules. 

 
Figure 3.5  Philips’ 28DW9625 
– a high-end IDTV 
 

 
Figure 3.6 Sony’s KD-
32NX100(S) - a high-end 
IDTV 
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3.2.3 Personal Computers (PC) 
PC cards enabling reception of analogue TV and radio, as well as DAB, on computers 
are available today. There are also cards and portable decoders for DVB, but not to 
the same extent. The applications are limited by the computer’s properties, 
especially the processing capacity. That is why the PC card often is complemented 
with a portable decoder. B2C2 and TechnoTrend are two manufacturers of DVB 
receivers for computers and Terratec, TechnoTrend, and Psion, are manufacturers 
of DAB receivers for computers [35].  

3.2.4 Digital Radio Receivers 
Digital radio receivers for DAB [35] have been on the market since 1998 and are 
now available as car radios, hi-fi units, as well as a few portable receivers. Apart 
from music, suitable applications are e.g. images, EPGs, maps, and advertising. 
Current receivers have small displays with limited colour space and resolution. 
These restrictions in combination with very limited processing power only make 
simple applications possible. If an application targeted for digital TV shall run on a 
digital radio receiver, it has to be downscaled. The transmission capacity of DAB, in 
combination with the mobility, gives the receivers a potential of becoming 
multimedia terminals with text, data and even Internet style pages [9]. The cost of 
DAB receivers and the limited number of available services has prevented receivers 
from becoming a widespread terminal. It has also been difficult to make them 
portable, since the terminals are very power consuming. Blaupunkt, Sony, Clarion, 
Grundig, JVC, Pioneer, Panasonic, Technichs, and Zoopad  are examples of the 
receiver manufacturers. A selection of receivers is illustrated in Figure 3.7, Figure 
3.8 and Figure 3.9. 

 
Figure 3.7  Car radio from 
Blaupunkt. Woodstock DAB 
52  

 
 
Figure 3.8  Hi-fi Tuner from 
Sony. ST- D777ES  
 

 
Figure 3.9 Portable DAB 
receiver from Zoopad Inc. 
Squish. 

3.3 Possible Receivers for the Future 
Listed below are terminals that may be developed into receiving terminals of 
applications and services via DVB-T or DAB networks. The reasons why each 
terminal may become a possible receiver are presented, as well as how it is likely to 
handle scalable applications. The general development of a terminal, if it has an 
increasing or decreasing consumer penetration and manufacturer support, are 
important factors in determining if it is likely to become a receiving terminal. 

3.3.1 Computer / TV Hybrids  
TV hybrids may consist of a computer, and often a specific wide screen TV set 
operating as a TV screen as well as a computer monitor. The screen is optimised to 
make text on for example an Internet site readable from a normal TV viewing 
distance.  
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Integrating a digital TV receiver in a TV hybrid can be considered a likely 
development since it would remove the need for an additional connected terminal, 
for example a set-top box to decode digital TV transmissions. Broadbandbox is one 
example of a company retailing this kind of a TV Hybrid and it states that a future 
model will support DVB reception [36]. See Figure 3.10. These terminals do not 
have a large consumer penetration or many manufacturers; nevertheless the 
included computer resources and the large colour display may make these 
terminals attractive high-end receivers of scalable applications. The available 
resources would limit the necessity to scale an application. 

Another type of terminals that can be seen as a computer/TV hybrid is 
broadband boxes that receive digital TV channels multicast over IP. Since these 
boxes are receivers of digital TV via IP they can be seen as alternative receivers, for 
applications and services similar to what is transmitted over DVB-T. It is unlikely 
that these boxes will incorporate an additional DVB-T interface, but the possibility 
cannot be eliminated completely. With a set return channel the boxes available at 
present, February 2002, may develop into attractive receivers of interactive scalable 
applications. Kreatel is one example of a manufacturer of broadband boxes [37]. 
See Figure 3.11. 

 

 
Figure 3.10 Broadbandbox’s computer/TV 
hybrid together with the specific wide 
screen TV/monitor [36]. 

 
Figure 3.11 Kreatel’s Tornado K5 broadband 
box for reception of digital TV over IP [37]. 
 

3.3.2 Car Terminals  
Uncomplicated car terminals that are not connected to a mobile network, for 
example DVD players with integrated displays, are available on the market. Future 
car terminals will be able to offer the driver and passengers of a car a selection of 
services ranging from information (positioning services, local information etc.), 
transactions (banking, ticketing etc.), email to entertainment (games, DVD, TV etc.) 
and more.  

The applications may be transmitted through different networks, but the high 
transfer capacity and support for mobile reception make DVB-T and DAB suitable 
network interfaces to incorporate in car terminals. Multimedia Car Platform (MCP) 
[38, 39] is a project developing a platform for a car terminal to receive digital 
broadcasts. 

To introduce more advanced car terminals, innovative interfaces without 
pointer and keyboards have to be included in order to provide a user-friendly 
interface to the driver, and guarantee the driver’s safety. Mobile car terminals will 
differ from small mobile handsets; the screen size is larger and it has a practically 
unlimited power source via the car battery. This together with a large hard disc 
drive may make future car terminals attractive high-end devices to reach with new 
scalable applications. BMW, SEAT, Volvo, and VW, are some of the car manufacturers 
that develop car terminals. For images of a car terminal integrated in a VW Passat 
[40], see Figure 3.12. 
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Figure 3.12 VW Passat Car Multimedia – This prototype has a 
programmable display for the driver, an entertainment display 
for the co driver and special components for rear seat 
passengers. 

3.3.3 Game Platforms 
Game platforms are popular entertainment devices that have been developed into 
specialised terminals with a high-quality support for creation of real-time graphics 
through strong graphics engines.  

An introduction of a DVB-T or a DAB interface is supported by a trend of 
introducing new entertainment functions to game platforms, for example Sony's 
Playstation2 [41] and Microsoft's Xbox [42] double as DVD players. Network 
connections, via a built-in 56 k modem, to enable online gaming was introduced on 
Sega’s Dreamcast, which is no longer manufactured.  [43] Other dominating game 
platform are also introducing or planning to introduce network access, for example 
the Xbox contain an Ethernet port, and both Sony and Nintendo have prepared 
their platforms for future network connections [44]. This makes a future 
convergence of game platforms with a set-top box to receive digital TV, a likely 
development to take place. Another possible usage of integrating a DVB-T or a DAB 
interface could be to download games. A threat that questions the addition of a 
digital broadcasting interface is the added complexity and the increased cost that 
may be a result. The increasing popularity of game platforms together with a 
development of hardware resources may make them attractive receivers for 
developers of new entertainment services. The TV screen that the game platforms 
are connected to will ensure applications a high display quality. How much a 
received application will need to be scaled, will depend upon the future capacities 
of the game platform and which middleware it will support. High battery 
requirements will be a limiting factor to the performance of all applications 
running on a game platform if it will develop into a mobile entertainment terminal. 
This would increase the need for applications to be scalable. Nintendo is together 
with Sony and Microsoft the dominating manufacturers; see Figure 3.13, Figure 
3.14 and Figure 3.15. 

 
Figure 3.13 Sony’s 
Playstation2, available on 
the market [41]. 

 
Figure 3.14 Microsoft’s 
Xbox, European launch in 
spring 2002 [42]. 

 
Figure 3.15 Nintendo’s new 
GameCube, available in 
North America [44]. 
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3.3.4 Personal Digital Assistants (PDA) 
The central function for these terminals is the calendar, but the latest versions also 
offer other applications, for example watch video clips or listen to music, either 
stored or streamed, play games, write emails, and view and create simple 
documents. A WLAN connection is available via a few of the latest PDA models. 

A reason why PDAs may become possible terminals to receive DVB-T or DAB 
applications over is a trend of providing them with resources comparable to a PC. 
This is bringing PDAs closer to possessing the system requirements needed to 
support an integrated DVB-T or DAB interface. The continuing increases in memory 
and processor capacity, the newest models (February 2002) possess 64 MB RAM [45], 
mean that more capacity demanding applications will be supported. Still it is likely 
that a large application must be scaled before it can be displayed, since PDAs are 
expected to remain palm sized, which will be a factor that limits the size of the 
display. 

Another trend that can be identified is to integrate a communication interface 
(GSM, GPRS, DAB, DVB, etc.) in a PDA terminal. This would provide a return channel 
for interactive applications and services delivered over DVB-T or DAB. Fujitsu-
Siemens has presented Siemens SX45, a PDA that integrates a GSM interface [45], 
Handspring will also present a series of PDAs in 2002 that include a GSM interface, 
and Microsoft is launching a similar terminal in 2002 [46]. A Swedish company, 
Etheraction [47], has developed a DAB receiver that connects to Compaq iPAQ PDAs 
and it is not unlikely that a DVB interface could also be incorporated in or 
connected to a PDA. 

The high market penetration of PDAs, compared to other mobile terminals with 
relatively large colour screens for example e-books, see 3.3.5, make them attractive 
receiving terminals for scalable applications.  

Palm and Compaq are currently the dominating PDA manufacturers, but there 
are several others e.g. Sony, Apple, Canon, Casio, HP, Toshiba and HandSpring, 
see Figure 3.16, Figure 3.17 and Figure 3.18. 

 
Figure 3.16 One of Compaq’s 
latest models in the iPAQ 
Pocket PC series 
H3870/H3835 [48]. 

 
Figure 3.17 Palm i705 with a 
built in antenna for access to 
Palm.net within available 
coverage area in the US [49].  

 

 
Figure 3.18 Handspring’s 
Treo 270 Series with GSM 
interface. Coming mid 2002 
[50]. 

3.3.5 E-book Terminals 
Dedicated mobile reading-terminals the size of a paperback or hardback book is 
available to store and read digital books. The main advantage of the dedicated e-
book terminals is that they are user friendly. They are optimised to display text 
that can be read at a normal reading distance but can also display graphics, and 
playback stored music, for example MP3 files, see Figure 3.19. The display on e-
book terminals are often touch screens which make it possible to write comments 
and highlight sections without a keyboard and with few control buttons. Large 
colour displays are available on several e-book terminals [51], see Figure 3.20 and 
3.21. 

p.17  
 



E-book terminals are presented as possible terminals to integrate a DAB or DVB-T 
interface, because it may be one way to offer a fast and mobile downloading of 
books and other services, as well as an alternative to watch TV or listen to radio. 
Today new e-books and magazines can be downloaded via a USB or infrared port 
connecting to a PC, a modem or an Ethernet connection [52]. The size of the display 
in the most recent e-book terminals is more suitable for displaying TV than many 
other mobile terminals. A DVB-T or DAB interface would introduce an extended 
complexity and new battery requirements compared to today’s terminals.  

An application will most likely have to be scalable to run on future e-book 
terminals, since they possess little processor capacity due to their limited usage 
area. Although there is a trend of moving away from dedicated e-book terminals, 
and offering e-books to be read on other mobile terminals, mainly PDAs. The 
reading friendly design and large screens of dedicated e-book terminals are not 
offered on these terminals.  PDAs are not dedicated reading terminals and are 
therefore not defined as e-book terminals in this thesis, but they may be an 
indication of the future of dedicated e-books unless consumers will prefer the more 
reading optimised e-books. 
Gemstar eBook Group is the dominating manufacturer of dedicated e-books after 
acquiring other large manufacturers [52].  

 
Figure 3.19 E-book with an 
integrated mp3 player from 
Korean hiebook Inc [53]. 
 

 
Figure 3.20 Colour display 
Ebook presented by CyTale 
[54]. 
 

 
Figure 3.21 Colour display 
Gemstar E-book REB 1200 
with an Ethernet connection 
[52]. 

3.3.6 Mobile Phones  
Besides offering mobile speech service, modern mobile phones can also be used to 
e.g. send short text messages (SMS), use WAP, email, listen to analogue radio or 
stored music, play simple games, take digital photos or handle a calendar.  

Mobile phones are presented as possible receivers of DVB-T and DAB because 
there is a trend of convergence between mobile phones and other more capacity 
enabled mobile terminals, for example PDAs. The next generation of mobile 
networks, UMTS, will offer additional multimedia services, compared to GSM, but it 
is uncertain whether this will realise the delivery requirements of all requested 
applications. Incorporating a DVB-T or DAB interface on future mobile phones may 
be an unlikely addition but it could enable transmission of additional services. 
Before mobile phones or any other mobile device will be able to incorporate an 
additional network interface, the extended battery requirements have to be solved. 
The size and quality of the display are increasing, and colour displays are a new 
addition to mobile phones. As with many other electronic consumer products, 
there is a trend towards an increase in memory and processor capacities. This 
together with the fact that mobile phones offer a return channel may make them 
possible targeted terminals for scalable applications. Despite the development of 
hardware for mobile phones, scalability of received applications will probably 
remain important since these terminals are continuously becoming smaller in size. 
A scalable application that can be consumed on a mobile phone has a potential of 
reaching a large number of consumers, considering mobile phones have a much 
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large consumer penetration compared to the other presented terminals. The 
dominating manufacturers of mobile phones on the market today are Nokia, Sony 
Ericsson, Philips, Samsung, Motorola, and Siemens. 

3.3.7 MP3 Players 
MP3 is an audio encoding technique that has gained a widespread acceptance over 
the last years thanks to a multitude of music files that can be downloaded free of 
charge over the Internet. There are multitudes of MP3 software players for 
computers as well as dedicated mobile MP3 players. Music tracks are downloaded 
to most mobile MP3 players from a computer via a Universal Serial Bus (USB) or a 
parallel port.  MP3 players are the first widespread terminals that do not require a 
separate storage medium for the digitally stored music. A reason for integrating 
for example a DAB interface could be reception of digital radio broadcasts or 
downloading of music files. A trend of increasing memory capacity has lead to the 
introduction of portable hard drives with an integrated MP3 player and memory 
capacity of up to 30 GB [55], see Figure 3.22. Despite that, an increase in the general 
resources of ordinary MP3 players, for example display quality and battery 
efficiency, will be necessary to handle large applications receivable over for 
example DAB without a need to scale them considerably. MP3 players are 
manufactured by a multitude of companies including traditional music appliance 
companies, e.g. Sony, Philips and Panasonic.  See Figure 3.23 and Figure 3.24. 
 

 
Figure 3.22 2.5" 
KanguruMP3TM enabled 
hard drive with a storage 
capacity of up to 30 GB [55]. 
 

 
Figure 3.23 Sony's NW-MS9 
Network Walkman that 
stores music on a 64 Mb 
exchangeable memory card 
[56]. 

 
Figure 3.24 Philips' SA209 
with 64 Mb storage capacity 
[57]. 
 
           

3.3.8 Wearable Terminals  
A wearable terminal is the name given to garments that in some way can be 
connected to or integrated with different terminals. An integration of a DVB-T or 
DAB interface in a wearable terminal is a scenario that can be considered as a 
distant development that will probably not occur in a near future. It might be 
possible to connect for example future DAB receivers to a wearable terminal in a 
similar way that an MP3 player and a mobile phone can be connected to a series of 
jackets presented by Philips and Levi Strauss.  The jackets contain concealed wires 
that connect attached devices to an integrated remote control as well as a headset 
and microphone in the collar [58]. Research to enable the use of smart fabrics that 
should be capable of transporting audio, video, data and power around a garment 
is conducted. Another research area within wearable terminals is the development 
of a Personal-Area Network (PAN), which will function as a backbone for wearable 
electronics. It will allow for transport within a users personal space, which 
different devices can be connected to. Apart from Philips, other companies and 
research institutes have also expressed an interest in wearable consumer terminals 
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e.g. Nokia, Ericsson, Motorola, Swatch, Casio, NTT, Citizen and Massachusetts 
Institute of Technology (MIT) [59, 60]. 
 

 
Figure 25 A jacket, 
developed by Philips and 
Levi Strauss, which functions 
as a wearable terminal [58]. 

 

Figure 26 Mp3 player 
attached to integrated wires 
in the jacket [58]. 
  

 

Figure 27 Mobile phone 
attached to integrated wires 
in the jacket [58]. 
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Chapter 4 

Platforms for DAB and DVB-T 
Receivers – Present and Future 

4.1 Introduction 
The definition of the expression “platform” depends on who you are talking to and 
which terminal is intended.  For mobile phones and PDAs, the platform usually 
corresponds to the Operating System (OS). When talking about a digital TV 
platform it is usually the middleware technology used in the set-top box that is 
intended. This is the definition of platform used in this report. The middleware is 
additional software that lies between the operating system and the applications. 
That is why it is called middleware. It consists of a set of Application Programming 
Interfaces (API). The APIs specify an interface between the applications and the 
terminal on which they execute.  

An application must be adapted to the platform of the receiver by being 
developed in a format that can be interpreted by the platform. The portability of an 
application depends on which programming language it is developed in, which 
depends on the targeted platform. For an OpenTV platform for example, 
applications must be written in OpenTV’s own programming language, and they 
can only run in STBs with OpenTV as middleware. If the application is written in 
Java it becomes more portable since all terminals with a Java Virtual Machine (Java 
VM) can interpret it. A Java VM can be implemented in the resident software of the 
terminals.  

Today most digital TV platforms are proprietary, but standardised platforms are 
under development. Nokia and Philips have announced that standardised 
Multimedia Home Platform (MHP) STBs will be launched in 2002. Digital radio has 
not had the same acceptance on the market as digital TV, mainly because of 
expensive receivers and regulative issues. That is why there has not yet been a 
need for a standard terminal platform specifically developed for digital radio. 
Teracom is involved in a project that is developing a Java based platform, TF-VM7 
DAB Java, and the specification has been delivered to ETSI for standardisation [61]. 
The platforms for mobile phones and PDAs today are proprietary, but Java 
platforms have been developed for these terminals. Symbian OS, which is a 
common operating system for mobile phones, have implemented Java platforms 
[62], and for Palm OS, which is a common operating system for PDAs, third party 
developers can add Java platforms [63].  
                                                           
7 Task Force Virtual Machine 
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The following chapters consist of a description of the platforms on which 
scalable applications can operate, and a discussion on their influence on the 
scalability. 

4.2 Proprietary Systems 
The platforms for DVB and DAB receivers dominating the market today are 
proprietary. For DAB there does not exist any middleware, all hardware 
manufacturers have developed their own implementations. For DVB there are 
several middleware, a selection is presented in the following chapters. 

4.2.1 OpenTV 
The most widespread middleware for digital TV in Sweden and the world today is 
OpenTV, developed by the company OpenTV. It is implemented in about 40 million 
STBs world-wide [64]. The APIs in the OpenTV platform only work with specific CA 
systems, and a licence with OpenTV is needed to use them. The platform does not 
offer any solutions for facilitating scalability, but the company supports the 
implementation of upcoming standard platforms. A new version of their system 
that will be compliant with the Multimedia Home Platform (MHP) is under 
development [65]. MHP is an emerging standard and it will be discussed further in 
chapter 5.3.1. The new OpenTV system will complement and extend the 
functionality of MHP by providing functions such as device drivers for smart cards, 
PDRs, and printers. Since OpenTV functions in the current generation of STBs, 
network operators can launch interactive services today with OpenTV, and the 
boxes that are being deployed will still work when MHP is introduced. These STBs 
can continue to be used for additional services until the end of their normal service 
life. MHP includes a Java VM and thus support Java applications. If OpenTV 
supports MHP, they will also support Java applications, but they will also continue 
to support their own programming language. OpenTV claim that in many 
applications, particularly in vertical pay-television networks, cross-network 
interoperability is not a requirement. In such cases, OpenTVs programming 
language can be used instead of Java for a faster and more efficient solution. This 
could be important for applications that require real-time updates of data, such as 
stock-tickers or sport scores, or for very complex and large applications.  

4.2.2 MediaHighway 
The MediaHighway platform, developed by Canal Plus Technologies, is another 
popular proprietary system, implemented in 11.5 million set-top boxes world-wide 
[66]. The world’s first terrestrial digital TV distributor, ITV-digital, has 
MediaHighway as an integrated part of its structure. Applications for terminals 
with MediaHighway platforms are developed in the ISO standard programming 
language MHEG-5 (Multimedia and Hypermedia information coding Expert Group) 
[67, 68]. There is a new version of MediaHighway based on the Java programming 
language and according to the Canal Plus Technologies’ website, MediaHighway 
will fully comply with the specifications for MHP in the future. 
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4.2.3 Liberate TV Navigator 
Liberate Technologies’ [69, 70] middleware is called TV Navigator, which delivers 
enhanced content and services to digital TV receivers. It enables device 
manufacturers and network operators to combine standard Internet applications, 
such as web browsing and e-mail, with a new form of media that merges television 
programming with Internet content. This content, called enhanced TV, is delivered 
to interactive TV receivers as a component of the television broadcast signal. The 
platform combines Internet content standards such as HTML, JavaScript, and Java 
with digital television standards, including DVB and ATSC. Liberate has licensed the 
MHP middleware developed by Institut fur Rundfunktechnik (IRT). 

4.2.4 Microsoft TV 
Microsoft [70, 71] has two middleware solutions, Microsoft TV advanced and 

Microsoft TV digital. Microsoft’s middleware was implemented in 1996 for the first 
time. Today, the software solution is used in nearly 2 million set-top boxes across 
Latin America, Asia, and Europe, delivering interactive pay-TV functionality via 
cable, satellite, and terrestrial television networks. Microsoft TV advanced 
combines both analog and digital TV technologies with Internet to deliver 
enhanced TV solutions.  

Microsoft TV Advanced is built on Microsoft Windows CE. It adds software to 
support e.g. tuning and service acquisition, CA, EPG and broadcast data services 
and a browser designed for TV. A complete user interface designed for TV is 
provided, which network operators and hardware manufacturers can customize or 
replace with their own interface.  

Microsoft TV Technologies supports current broadcast formats and standards, 
including NTSC, PAL, SECAM, ATSC, OpenCable Application Platform (OCAP) and 
DVBas well as Internet standards such as HTML, XML, and others. Microsoft will not 
support MHP. 

4.3 Open Standards 
In the business of broadcasting there is a move towards open standards, because it 
would benefit many players, e.g. network operators, content providers and STB 
manufacturers, to move away from the vertical market that exist today. In a 
vertical market, each service provider has its own platform with CA system, 
transmission system and STBs. Open standards could give a horizontal market, 
where each of these functions has well defined interfaces and enables multiple 
implementations [72]. In a horizontal market, any content provider can address 
any type and brand of terminal ranging from low-end to high-end STBs, IDTVs or 
multimedia PCs. In this case standards approaches this goal by specifying an 
interoperable application format, which is independent of any specific operating 
system or hardware technology. Examples of open standards are MHP, OCAP and 
Java.  

4.3.1 Multimedia Home Platform (MHP) 
DVB started the project DVB-MHP in 1997, to develop an open standard platform, 
Multimedia Home Platform (MHP) [73, 74], for interactive digital TV and 
multimedia services. It complements the open standards for digital video 
broadcasting that DVB has already developed. The MHP project included the UNITEL 
(Universal Set-top box) project, which was launched in 1996 by the ISIS Programme 
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of the European Commission. The aim with the MHP project was to make a 
horizontal market scenario possible, and standardise elements of the home 
platform (set-top box, TV etc) that DVB said would be key to the success of 
interactive multimedia applications in the future.  

A commercially oriented working group, who defined the user and market 
requirements, did the initial work. One of the requirements was that it should be 
possible to design scalable applications that maintain compatibility across a range 
of receiver implementations [74]. The other requirements included application 
extensibility, upgradability, separation of data and applications, support for CA 
systems, and use of other open standards [72]. As a second step, a technical group 
worked on the specifications of the DVB API. MHP 1.0 was released as a draft in July 
2000 and MHP 1.2 in November 2001 [73].  

DVB adopted Java, after considering other options such as MHEG-5, as the 
interoperable application format for MHP. DVB has developed a version of the Java 
VM called DVB-J that includes the core of the standard Java language and provides 
extensions appropriate to the broadcast TV environment. These extensions include 
a new application model, a security framework, and a broadcast data transport 
system for the delivery of MHP applications, also known as Xlets [75].  

The architecture of a MHP STB can be considered in terms of three layers, which 
are illustrated in  Figure 4.1 [72]. 

 
Figure 4.1 Basic MHP Layers 

The first layer consists of resources. Typical MHP resources are MPEG processing, 
I/O devices, CPU, memory and a graphics system. The system software uses the 
available resources in order to provide an abstract view of the platform to the 
applications. The second layer consists of system software, which includes support 
for basic transport protocols, an application manager, and a navigator to control 
the terminal and the applications running on it. It also implements a virtual 
machine. The applications, which constitute the third layer, only access the 
platform via these APIs. There are different versions of these APIs since the MHP 
solution is divided in three profiles with different properties. The profiles will be 
further discussed in chapter 5. The core elements of the DVB-MHP solution are: 
 

• Transport Protocols [76]: There are mandatory protocol stacks for both 
broadcast and interactive data transmission to ensure the interoperability. 
The mandatory broadcast protocols are MPEG-2 TS and DSM-CC user-to-user 
OC. For the most advanced profile there is also an IP multicast stack. The 
mandatory interaction protocols are TCP/IP and UDP/IP. For the most 
advanced profile an HTTP protocol is also necessary.  
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• Content Formats [76]: To make sure the receiver supports the content 
formats in the applications, MHP specifies which formats the receivers must 
support. This is essential for the interoperability of applications. All sorts 
of content is taken into account, mandatory formats are specified for still 
images, moving images, sound, fonts and TeleText. Which formats are 
supported depends on the profile. 

• Application Model: A horizontal market demands special requirements for 
application scenarios, since there is no vertical market operator that 
controls the operation. This is why a state machine for applications has 
been defined, which considers the application’s different states. The 
handling of multiple concurrently running applications is a special case in 
the horizontal market scenario. Those applications have to share the 
resources of the MHP. Some resources may only be available to one 
application (e. g. the screen), while others can be shared among multiple 
applications (e. g. memory). The MHP also considers the special case of co-
operative applications coming from one service provider. 

• Application Signalling: To be able to provide special information like 
location of the application, associated data, required MHP profile, required 
resources, auto-start features, and related co-operative applications, a 
specific application signalling has been defined. DVB Service Information 
(SI) specification is also available. 

• DVB-J Platform: The MHP uses a virtual machine concept, which provides a 
common interface to different hardware and software implementations. 
The VM is based on the Java specifications from Sun Microsystems and has 
been named DVB-J.  

• Plug-ins for Existing Systems: There are already many DVB systems with 
different APIs in operation.  Support for these legacy systems is essential to 
enable the migration to a future common API. Therefore, the DVB-J platform 
provides support for plug-ins to implement legacy APIs. 

• Security: Before loading and starting downloadable applications, it is 
important to authenticate the source (content provider) and to check the 
integrity of the application. Otherwise, an application could behave in an 
undesired manner (e.g. print to screen) or even allocate resources (e.g. 
generate call-charges using the modem). There are techniques available to 
add electronic signatures to applications, which can be validated using 
certificates stored in the MHP. Such certificates contain only public keys 
with the advantage that no secret information is required in the MHP. The 
MHP specification defines the technical means for the application 
authentication. The MHP specification also includes techniques for secure 
communication over the return channel.  

 
As a later step, further specifications for minimum platform capabilities, 
conformance and authoring guidelines may follow. 

Sweden has committed to migration to MHP via Nordig, which is a co-operative 
consisting of Nordic TV and telecom companies. There is a migration plan that 
states that all new STBs sold or rented should support MHP Enhanced Broadcasting 
profile from Q3 2001, and Interactive Broadcasting profile Q3 2002. Further 
migration will be specified later [77].  

Finland is the only country that already has launched digital TV with MHP (27th 

August 2001), but there are many countries and companies around the world that 
have announced that they will, or consider to, chose the MHP platform. MHP has 
been selected as API solution for Australia and Singapore, and Korea plans to roll 
out a MHP based commercial satellite broadcasting system. China has also 
considered DVB-MHP since its launch and in Germany MHP over DVB-T is being 
transmitted in a DVB-T pilot trial. Moreover DVB-S MHP is broadcasted by RTL 
World, ARD Digital and ZDF vision. CableLabs will include MHP in the standard for 
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cable, OCAP, in America. Some of the most important legacy systems have also 
announced a move to MHP, such as OpenTV, Liberate and MediaHighway [77, 78].  

4.4 Standardisation Efforts 
There are several projects aiming at developing a future platform standard for 
digital TV or radio, such as Multimedia Car Platform (MCP) and TF-VM DAB Java.  
These will be described in this chapter. 

4.4.1 Multimedia Car Platform (MCP) 
The Multimedia Car Platform (MCP) [38, 39, 79, 80] is a research project launched by 
the European Commission in January 2000 with the goal to enable a horizontal 
market for multimedia services in the car. This could be achieved by the 
combination of digital broadcasting and mobile communication in a uniform 
platform. A marketing oriented approach was applied to adopt user perspectives 
and to specify the commercial requirements. The commercial requirements of MHP 
served as a basis, then complementary needs of the mobile user were analysed and 
included.  The new services include communication and information services, 
navigation, entertainment, and Mobile commerce (M-commerce). The MCP project 
brings together several car and receiver manufacturers, network operators and 
technical research institutes (e.g. IRT). 

The software of MCP is based on the open software architecture of the MHP. The 
overall idea of MCP is to find functions that are related to a mobile environment 
and integrate them into an API, the Mobile API, which is based on Java. Having 
different requirements when targeting a terminal operated in a moving car, instead 
of a stationary terminal, had a strong impact on the MCP specification. That is why 
necessary extensions to the MHP were examined.  

There is a significant difference in need for security [80] between the car 
environment, where human life and safety are at stake, and the home environment. 
MCP requires enhanced security and certification models. These must allow for 
various levels of trusted applications with different levels of access to the 
platform's functions. The security model allows a trusted centre to define this 
framework, taking legal aspects, usability, integrity, privacy, and other concerns 
into account. The model includes an application manager that guards the platform. 
The extended application management concept includes extended life-cycle 
management, support for stored applications, more detailed priority handling and 
refined resources management.  

In a mobile environment there are tougher challenges faced in terms of effective 
human machine interaction. MCP uses a hierarchical event model for user 
interaction and application interaction that can support various input/output 
technologies (such as voice recognition, tactile I/O with various forms of mapping 
between buttons, menus and functions).  

The use of Jini8 technology in MCP as an extended profile can bring many 
advantages to the car platform. It allows for a high flexibility in adding future 
devices and applications, which had not been foreseen. 

The terminal architecture is planned as an open platform, offering the user all 
kinds of services. The mandatory features are: 

                                                           
8 Jini is a Java based technology that provides a simple infrastructure for delivering services in a 
network and for creating spontaneous interaction between programs that use these services regardless 
of their hardware and software implementation [81].  
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• Support of the Multimedia Home Platform (MHP) programming and 
applications 

• Manufacturer specific and configurable look and feel 
• User interface (UI) abstraction layer to support multiple UI methods (e.g. 

voice, screen, manual, cursor) 
• API support for navigation, positioning, and mapping  
• In-car communication and car-bus support (e.g. Bluetooth)  
• Car specific API support, read only where necessary (comfort, safety, etc) 
• Flexible application lifecycle management 
• Security model to support trusted applications and control resources and 

API access  
 

The combination of broadcasting and a mobile return channel in a platform offers 
new possibilities of services for the mobile and portable user. The advantages of 
mobile communication as point-to-point communication will be used for 
interactivity, user localisation, and efficient billing. It will be combined with the 
advantages of broadcasting which enables efficient multicast and broadcast 
transmission, high data rates and high quality video. The integration of networks 
and services in one platform enables better usage of network and frequency 
resources, seamless services for customers, and rich multimedia service offerings.  

The specifications could be a basis for standardisation in e.g. DVB and ETSI. The 
MCP project is focusing on the car environment, but the results could also be 
adopted for other mobile devices, e.g. PDAs, mobile devices in public transport, 
personal communications devices.  

4.4.2 TF-VM DAB Java 
The WorldDAB Forum is an international non-governmental organisation, whose 
objective is to promote, harmonise and co-ordinate the implementation of digital 
radio services based on the Eureka 147 DAB system [61, 82]. The forum has started 
development on a standardised open platform for DAB receivers. The specification 
has recently been sent to ETSI for standardisation. The DAB Java VM provides an 
environment for dynamic content on a mobile platform based on Java Technology. 
Programs, which are similar to applets on the Internet, could be downloaded via 
DAB. These programs might run either standalone or embedded in a Web page. The 
API of the VM enables these programs to use DAB related functionality e.g. a stock 
ticker might load stock data via DAB. The VM can tightly control downloaded 
programs in terms of security and resource consumption. It also has an API for 
positioning. Access to the functionality of the terminal is also provided.  

The VM is designed to run on a wide range of platforms. On the high-end it uses 
the resources of a desktop PC, where the DAB receiver might be connected via a 
network. On the terminal it is possible to run the VM on a PDA with a black and 
white display only. As standard Java technology is used, the VM is portable to 
embedded systems, PDAs and PCs. 

Although DAB is ready for hosting a technology such as Java, Java is not able to 
deal with the DAB system-specific characteristics. As a result of the WorldDAB Task 
Force for Virtual Machine  (TF-VM), an extension to the Java platform has been 
defined to provide the necessary control of the DAB system. 

The work was divided into three main sub-systems or packages, each dealing 
with a specific set of requirements: 
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• Java DAB API package, defines the resources of the DAB network 
• Java DAB Runtime, specifies the runtime supports needed to provide a safe 

and reliable execution environment. The Java platform partly provides this 
support, but specific extensions for DAB were also needed 

• Java DAB I/O, defines the profiles for DABJava and the method for 
signalling the profile 

 
The DAB Java re-uses parts of DVB-J, e.g. the application model and the application 
control. As the DAB Java VM is also targeted to low-end mobile devices, the DAB 
Java VM rather focuses on providing only the most essential features needed for 
such a VM. A standard Java platform was used (PersonalJava) as a base. Together 
with the API, this also means a much faster deployment in comparison to DVB-J. The 
VM can be added on top of an existing native middleware, which provides access to 
DAB functionality.  

4.5 Cross-platform Compatibility with Java 
A condition for making an application operable on several terminals, whether 
scaling it or not, is that the application must be interoperable. This can be achieved 
with Java. If an application is written in Java it can run on all devices with a Java 
Virtual Machine (Java VM), a Java byte code interpreter that can be downloaded to 
most terminals. Java is becoming increasingly widespread in the use as a platform 
on portable and semi portable terminals [83].   

The Java platform differs from most other platforms, since it is software-based 
and runs on top of other platforms that are hardware-based [84].  
 

Java application 

Java API 

Java VM 

Hardware Platform 

 
 

Java Platform  

 
 
 

Figure 4.2 Java Platform overview 

The Java Platform consists of Java APIs and a Java VM, illustrated in Figure 4.2. The 
Java VM is a kind of translator that turns general Java platform instructions into 
tailored commands that make the devices do their work [84].  The Java API is a 
large collection of ready-made software components that provide many useful 
capabilities, such as graphical user interface (GUI) widgets. The Java API is grouped 
into libraries of related classes and interfaces; these libraries are known as 
packages. The latest version of the Java platform is Java2 [85], which is divided into 
three different editions, illustrated in Figure 4.3: 
 

• Java 2 Enterprise Edition (J2EE) is made for servers. 
• Java 2 Standard Edition (J2SE) is made for PCs. 
• Java 2 Micro Edition (J2ME) is targeted for use as a platform made for 

consumer electronics, such as PDAs, mobile phones, and embedded 
devices.  
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Figure 4.3 The three different editions of the Java2-platform  
and the Virtual Machines that they are targeted at. 

There are also older versions of the Java-platform that still are in use, like the Java 
Application Environment (AE), PersonalJava AE, Embedded Java AE and Java Card, 
illustrated in  Figure 4.4. 
 

 

Java AE 
Personal 
Java AE Embedded 

Java AE Java Card 

Figure 4.1 An overview of the Java platforms that preceded the 
Java2 platform 

4.5.1 Java Platforms for Small Devices 
The platforms that are adapted to limited memory and processing power are 
PersonalJava, Embedded Java and J2ME [86]. They are marked grey in  Figure 4.3 
and  Figure 4.4. These platforms are implemented on mobile phones, PDAs and STBs. 

J2ME 
The J2ME is a new, very small Java application environment. It is a framework for 
the use of Java technology, when the need for Java is not limited to the PC. Sun will 
provide J2ME software in configurations suitable for a variety of market segments. 
A configuration is comprised of a virtual machine, core libraries, classes and APIs. 
Currently there are two J2ME configurations: the Connected Limited Device 
Configuration (CLDC) and the Connected Device Configuration (CDC). It is upwards 
scalable, which means that it is possible to run applications made for Micro Edition 
on Standard Edition platform.  
 

• Connected Limited Device Configuration (CLDC) [87]: CLDC is designed for 
devices with constrained CPU and memory resources, such as mobile 
phones, simple PDAs, and small retail payment terminals. These devices 
run on either a 16-bit or a 32-bit microprocessor and have 160-512 KB or 
less memory available for the Java platform and applications. CLDC uses 
the K Virtual Machine, a virtual machine designed with the constraints of 
inexpensive mobile devices in mind. The “K” in KVM stands for “kilo”, 
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because its memory budget is measured in kilobytes, while desktop 
systems are measured in megabytes.  
The Connected Device Configuration (CDC) [88]: CDC is designed for consumer 
electronic and embedded devices, e.g. communicators, two-way pagers, 
PDAs, residential gateways, STBs, home appliances, and automobile 
navigation systems. These devices run a 32-bit microprocessor and have 
more than 2 MB of total memory for storage of the Java platform and 
applications. CDC contains the C virtual machine (CVM), “C” stands for 
“compact”. CVM is a full-featured VM, designed for devices that need the 
functionality of the Java2 VM feature set, but with a smaller footprint. 

• 

 
The rest of the functionality needed for a particular kind of device, is provided by a 
profile. Profiles are targeted for a specific type of receiver. Examples of possible 
profiles are shown in Figure 4.3. Sun allows industry groups to define Java 
technology-based profiles specific to their industry in the Java Community Process, 
without Sun’s direct involvement. Industries benefit from the flexibility in defining 
only what they need for a class of device [89].  

There are currently two profiles for J2ME, the Mobile Information Device Profile 
(MIDP) and the Foundation Profile. The PersonalJava platform will soon be 
transitioned into the Personal Profile: 

  
• Mobile Information Device Profile (MIDP) [90]: MIDP is a set of Java APIs that, 

together with the Connected Limited Device Configuration (CLDC), are 
targeted at mobile information devices, such as cellular phones and two-
way pagers. The MIDP specifies issues such as user interface, persistence 
storage, networking, and application model. CLDC provides the basic set of 
libraries and Java VM features that must be present in each implementation 
of a J2ME environment on highly constrained devices. To form a complete 
environment for these devices, MIDP adds supplementary libraries that 
provide APIs not handled by the low-level CLDC, such as the user interface, 
database, and device-specific networking [91]. Siemens/Nextel and Palm 
have launched the first cellular phones and PDAs with MIDP and J2ME. For 
the JavaOne conference 2001, four MIDP applications (for instance a bingo 
and a chat) were made, and the same applications were used both for the 
PDA and the mobile phones [92]. 

• Foundation Profile: The Foundation profile is targeted to the J2ME platform. 
It serves two purposes. First, it will provide a profile of the Java2 Platform 
suitable for devices that need support for a rich network enabled Java 
environment, but do not require a graphical user interface. Second, it will 
provide a base profile for inclusion by other profiles that need to build on 
the functionality it provides by adding graphical user interfaces or other 
functionality. When the Personal Profile is ready it will build on the 
Foundation Profile. 

 
PersonalJava  
The PersonalJava [93] application environment (AE) is a Java platform for building 
network-connectable applications for consumer devices for home, office and 
mobile use. It is comprised of the Java VM and an optimised version of the Java 
class library. The PersonalJava application environment is designed for Web-
connected consumer devices that are often executing applets from a network. It is 
made for "general purpose" functionality. For the content provider, having the 
PersonalJava application environment on a large variety of end user devices such 
as cellular phones, STBs, and mobile handheld units, means that the content need 
only be provided in one format.  PersonalJava is an old technology, which will be 
transitioned into J2ME technology. It will be adapted to the Connected Device 
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Configuration (CDC) and become the Personal profile, which is illustrated in. 
Applications written to versions 1.1.x and 1.2 of the PersonalJava API specification 
should be compatible to the Personal profile.  

PAWT 
Personal Profile Non-graphic 

libraries PersonalJava AE, 
preceding the 
J2ME technology Core  

classes 
J2ME CDC 

JVM 
 

Figure 4.5 PersonalJava application environment within the 
context of the J2ME architecture 

There are many extensions for PersonalJava, two that are suitable for the receivers 
in Chapter 3 are JavaTV and JavaPhone: 
 

• JavaTV API: The JavaTV API [94] is an extension to the PersonalJava platform. 
Together they provide a development and deployment platform for 
interactive services. The Java programming language provides content 
developers with a high degree of control and flexibility over the 
appearance of their applications, enabling them to deliver dynamic and 
compelling interactive TV experiences. In addition, interactive TV 
applications written in Java offer security, extensibility, and portability 
across a diverse set of TV receivers, saving content developers time and 
money getting their interactive applications to the market.  MHP is based 
on JavaTV. 

• JavaPhone API: The JavaPhone API [95] is an extension to the PersonalJava or 
the EmbeddedJava platform. It provides an environment allowing the safe 
delivery of dynamic information services on telephony devices. The API 
has been designed to provide access to functionality that is unique to client 
telephony devices. It supports direct telephony control, address book and 
calendar information, user profile access, datagram messaging, power 
monitoring, and application installation. The JavaPhone API assists device 
manufacturers in the rapid deployment of telephony products to market 
by using prebuilt components on a stable deployment platform. The API 
also broadens the market for content providers by providing portability 
across a wide number of platforms for telephony, instead of all having 
their own proprietary solution. As a result, customers can choose from a 
variety of dynamic services supplied by many different manufacturers. 

EmbeddedJava 
The EmbeddedJava application environment is targeted at dedicated-function 
embedded devices that may be network-connected or standalone. EmbeddedJava 
is also an old technology, which can be replaced by J2ME technology with the CDC 
and the Foundation profile. 
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4.6 Discussion 
The choice of platform on the terminal determines the supported formats. The 
terminals that are targeted when creating an application must in their platforms 
include support for at least one format that they have in common. The applications 
must then be developed in one of these formats. If there is not a common format, 
some sort of transcoding system must be applied. It is applied on the application 
before the transmission and it can be conducted automatically. The system 
generates different versions of the application, which must be transmitted 
separately, and thus occupies more transmission capacity. 

To guarantee having a common format, standards are used. There is a trend 
towards implementation and development of platform standards, in particular 
Java-platforms or Java based standards that are interoperable. Having uniform 
platforms facilitates the creation of scalable applications, because fewer variations 
between the platforms mean that fewer adaptations have to be performed in the 
applications. Standards are very beneficial for a small market like the Swedish. It 
creates a larger market for the receiver manufacturers, which can lower receiver 
costs. It can also decrease the development costs for applications since they can run 
on more terminals and the code can be re-used, thus making the development 
faster.  

The cross-platform compatibility of Java is very important for scalability if the 
application is to be executed on the terminal, but several middleware have reduced 
the interoperability, since they include specific APIs. If the targeted platforms have 
another format in common, e.g. HTML or XML, the cross-platform feature is not 
important.  

One of the greatest threats against some of the standards is that they are very 
complex, and thus require an increased memory and processing capacity in 
comparison to present platforms. It is not mainly an increased number of 
applications that is pushing the development of platforms, the most important 
factors are stability and the price. For digital TV, MHP has received acceptance 
among many key players, but since the specifications are very extensive the STBs 
risk becoming expensive for the consumers. The consequence could be that 
broadcasters will chose to offer simpler STBs without any additional services than 
the service TV. Contradictory, a group of receiver manufacturers have made the 
calculation that MHP set-boxes will not be more expensive than other set-top boxes 
by 2003, and that there will be great long-term economic, social, and competitive 
benefits [93]. It is possible that the viewers will not request enhanced TV, which 
makes MHP unnecessarily complex. It is also possible that broadcasters might not 
want to change the system now, since terrestrial digital TV is in a heavy expansion 
phase with great capital investment, and replacing the existing STBs is too 
expensive.  

For Teracom MHP, MCP and DAB Java are probably the platforms that will be 
most important since they are developed for use in DAB and DVB-T networks.  
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Chapter 5 

Scalability with Middleware and 
APIs 

5.1 Introduction 
Creating applications that are scalable can be much more complicated than 
creating non-scalable ones, but several APIs and middleware facilitate their 
development. Generally they all use the same method to make scalability easier. 
The applications themselves check what hardware resources are available for the 
application, and adjust its behaviour and appearance accordingly. It is the 
application creator’s responsibility to create an application that checks what 
resources are available. Then the application should be optimised so it uses them 
all. But it would become very complex if adoptions for all variations of terminals 
were made. That is why most APIs and middleware divide the set of terminals into 
profiles, which group all receivers with similar properties. In that way the 
developer can take the properties that are specified for a profile for granted when 
developing an application. That makes programming less complex and scalability 
is facilitated. 

It could be possible to achieve scalable applications with proprietary systems, 
but they will not be portable to all terminals. If the goal is to make it possible to run 
an application on all terminals regardless of the underlying OS, cross-platform 
compatibility is necessary. The only way today to create an application that will be 
executed on the terminal interoperable, is to develop it in Java. Java makes it 
theoretically possible to create applications that can be executed on all sorts of 
terminals, but there are APIs with functionality custom-made for a special type of 
terminal.  

J2ME and Personal Java are Java platforms that are developed for PDAs, screen 
phones, set-top boxes and other consumer products. Of all existing APIs, the ones 
that can be used to achieve scalable applications in broadcasting are Java Phone, 
Java TV, MHP and MCP. The extensions and their platforms are illustrated in Figure 
5.1. 
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Figure 5.1 Overview of APIs and middleware. 

5.2 JavaPhone API Profiles  

The JavaPhone API [97] defines two sets of overlapping APIs: an Internet 
Screenphone Profile and a Wireless Smartphone Profile. The Profiles and their 
overlapping environments are illustrated in Figure 5.2. 

Wireless 
Smartphone 

 Internet 
Screenphone 

  
 

 
 

Figure 5.2 JavaPhone API Profiles 

These APIs are developed for Internet screenphones, but the functionality can be 
useful for many telephone devices or other terminals with telephoning 
functionality. The JavaPhone API is implemented in Symbian OS [98], which is an 
operating system that is used by many of the most popular mobile phones.  

The Internet Screenphone profile defined through the JavaPhone API includes a 
basic set of extensions commonly found in Internet screenphones. These include 
mandatory functionality defining direct telephony control, address book, and user 
profile access, see Figure 5.3. This profile also defines optional functions such as 
application installation, encryption and serial port support that may be required in 
order to install/update local application and support peripherals such as a smart 
card reader, IR port, printer, scanner, or fax. 
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Figure 5.3 Internet Screenphone Profile 

A Wireless smartphone includes some additional mandatory functionality, such as 
datagram messaging, calendar access, power monitoring, and mobile telephony, 
while reducing the scope of core telephony interfaces to a minimum, see Figure 5.4. 
The optional functions supported in this profile are similar to those defined in the 
Internet Screenphone profile.  
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Figure 5.4 Wireless Profile 

5.3 JavaTV API Profiles 
While there is a wide variety of digital TV receivers with different capabilities, the 
JavaTV API [99] has categorised the receivers into three types. The categories are 
based on the kind of network connection a receiver supports: enhanced broadcast 
receivers, interactive broadcast receivers, and multi-network receivers, which is 
illustrated in Figure 5.5. Each profile builds on the capabilities of the previous type. 
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Figure 5.5 Java TV API profiles 

Enhanced Broadcast receivers are the simplest of all TV receivers. They are capable of 
providing traditional broadcast TV that is enhanced with graphics, images, text, 
and can be controlled by a Java-based program provided as a part of the broadcast. 
Such receivers support local viewer interactions, including input from a remote 
control, on-screen graphical elements, selection among multiple audio and video 
streams, and switching among displays that augment the audio-visual 
presentation. Enhanced broadcast receivers receive data from a head-end or server, 
often carried via a broadcast file system. Enhanced broadcast receivers have no 
return channel to the broadcaster, and therefore do not include interaction with a 
head-end or server. 

Interactive Broadcast receivers include the capabilities of the enhanced broadcast 
receivers, but they also include a return channel to the broadcaster that provides 
communication with a head-end or server. Such receivers are capable of providing 
electronic commerce, video-on-demand, email, and local chat-style 
communication. Interactive broadcast receivers include the capabilities found on 
enhanced broadcast receivers.  

Multi-network receivers have the same capabilities as Interactive broadcast 
receivers, but also include Internet capable receivers and receivers providing other 
communication services, such as local telephony. Such receivers can be home 
telecommunication hubs and provide a diverse set of services, such as Internet 
browsing.  

The JavaTV API is not broadly implemented as the only API in terminals today, 
but many middleware and APIs include the JavaTV API, at least parts of it. The 
profiles in MHP and OCAP are based on the profiles of the JavaTV API.  

5.4 Multimedia Home Platform Profiles 
The wide range of possible Multimedia Home Platform (MHP) receivers cannot be 
covered with a single MHP alternative. Therefore three different MHP profiles [72, 
76] have been defined which combine a set of functionalities. In this way it is 
ensured that applications developed for a certain profile will run on the MHPs of 
that profile. The profiles are Enhanced Broadcasting profile, Interactive 
Broadcasting profile, and Internet Access profile, and they are illustrated in Figure 
5.6.  
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Figure 5.6 MHP profile overview 

MHP 1.1 (TS 102 812 V1.1.1) includes Profiles 1 and 2 and the additional Profile 3 
the Internet Access Profile, which was not included in the previous version. It was 
published in November 2001 by ETSI [75]. 

Enhanced Broadcasting profile combines digital broadcast of audio and video 
services with downloaded applications, which can enable local interactivity. It 
does not require a return channel. The APIs for Enhanced Broadcast consists of the 
core APIs, which includes support for static formats, broadcast streaming formats, 
fonts, broadcast channel protocols, DVB-J except the APIs that are used for the return 
channel, and optional support for DVB-HTML. The details can be viewed in Figure 
5.7. 
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Figure 5.7 The APIs for the Enhanced Broadcast profile [76] 

The application area Interactive Broadcasting enables a range of interactive services 
associated or independent from broadcast services. This application area requires a 
return channel. This profile includes Interaction channel protocols besides the 
same APIs as in Enhanced Broadcasting profile. This is illustrated in Figure 5.8. The 
Interactive Broadcast profile includes full support for IP communication protocols. 
This allows the profile to support some Internet based services by downloading 
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and running MHP applications that act as Internet clients. For example, the BBC 
demonstrated a news ticker application at IFA' 99 running on a prototype MHP 
supporting the Interactive Broadcast profile. Many other Internet services can be 
provided by DVB-J applications in this profile, using a combination of data from 
remote servers and data from the broadcast stream. 
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Figure 5.8 The APIs for the Interactive Broadcast profile [76] 

The Internet Access profile [75] takes the Internet support of the Interactive 
Broadcast Profile one step further by providing a set of built-in resident 
applications that provide access to specific Internet services. The profile requires 
that a web browser and an e-mail client application are supported, with the option 
to include a Usenet newsgroup client and to provide support for streaming media 
services. Since these Internet client applications are permanently installed within 
the platform they can be implemented in a manufacturer specific way and are free 
from the constraints that apply to Xlets, MHP applications. These platforms will 
have to support Internet type content downloaded directly from the Internet.  
Examples of Internet type content that is supported by the Internet Access profile 
is the image formats JPEG and GIF, cascading style sheets that specifies the 
appearance of the web page, text, and a variation of HTML that is developed for 
MHP. The APIs in this profile are the same as in Interactive Broadcasting profile plus 
Internet Access, which is shown in Figure 5.9. 
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Figure 5.9 The APIs for the Internet Access profile [76] 

Broadcasters must use the interface provided by the Internet access profile 
responsibly, since their applications will be broadcasted to large number of 
receivers and there is the possibility that a large amount of traffic could be 
attracted to a popular website, causing congestion. The MHP security model 
ensures that functions raising security concerns can only be used by authenticated 
MHP applications and then only after the user has granted permission to the 
specific broadcaster concerned (by a manufacturer dependent procedure). 

A DVB splinter group made an effort to have a stripped down version of the 
MHP Internet access, MHP-Lite, specification approved. The idea was to reduce the 
cost of Internet-capable MHP set-top boxes, in particular for the terrestrial digital TV 
market. The specification was not accepted (it did not support the Enhanced 
broadcast or Interactive broadcast profiles), but according to a press release from 
DVB the next profiles for MHP will consider issues such as a cut-down version of 
MHP for hand-held mobile devices.  

The three MHP profiles are not intended to supersede each other but are 
expected to co-exist in the marketplace. They provide a backwards-compatible 
hierarchy, supporting an increasing range of capabilities suited to different 
application areas and product types. DVB-HTML can be supported as an option in 
both the Interactive Broadcast profile and the Internet Access profile. It is likely 
that further profiles and options will be defined in future DVB specifications, 
addressing new application areas e.g. PDR [73].  

5.5 Multimedia Car Platform Profiles 
Multimedia Car Platform (MCP) [38, 39] is based on the MHP specification, but it has 
extended the range of profiles. MCP has divided the service spectrum into five 
profiles. Besides the three profiles that are specified in MHP it defines further two 
profiles, Broadcasting and Personal communication. The five profiles are 
illustrated in Figure 5.10. 
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Figure 5.10 MCP Profile Overview 

The Broadcasting profile comprises the simplest profile without any interactivity of 
the user.  

Personal communication services include all individual addressed services such 
as e-mail, phone, chat and videophone.  

5.6 TF-VM DAB Java Profiles 
Two profiles have been defined for DAB Java [61], Standard Personal Java Profile 
(SPJP) and Network enabled Personal Java Profile (NPJP), which is illustrated in 
Figure 5.11. Currently these two platforms are the most suitable for embedded 
devices, both in terms of the resources used, and in terms of their flexible 
programming environment. The two profiles are based on some packages from 
PersonalJava. 
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Figure 5.11 DAB-Java Profile Overview 

The Standard Personal Java Profile (SPJP) is intended for applications without a return 
channel.  

The Network enabled Personal Java Profile (NPJP) is defined for applications with a 
return channel.  

5.7 Java Security Model 
The Java run-time environment is specifically designed to limit the harm that a 
Java application can cause to the system that it is running on.  This is especially 
important with the World Wide Web, where Java applets are downloaded and 
executed automatically when a user visit a Web page that contains Java applets.  
Normally one would not want to execute random programs; they might contain 
viruses, or they might even be potentially malicious themselves and not merely 
carrying unwelcome code unintentionally.  Unless the user specifically allows it, by 
setting the appropriate flags in the user-interface to the Java VM, a Java applet 
cannot read or write to attached storage devices or memory locations (except to a 
specific, restricted area).   
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5.8 An Alternative – the MIDP API  
The Mobile Information Devices Profile (MIDP) [91, 100, 101] User Interface is 
composed of two kinds of APIs: low-level and high-level APIs, as illustrated in 
Figure 5.12. In the MIDP case the two profiles are dividing the set of applications 
between them, not the set of terminals. That means that the MIDP does not offer a 
solution to simplify scalability. It assumes that all devices that the API targets have 
the necessary resources. The User Interface (UI) is different in the two profiles. The 
low-level API provides very little abstraction and requires some design work to 
remain portable. It is designed for applications that need precise placement and 
control of graphic elements, as well as access to low-level input events. Some 
applications also need to access special, device-specific features. A typical example 
of such an application would be a game. The high-level APIs are designed for 
business applications whose client parts run on Mobile Information Devices. For 
these applications, portability across devices is important. To achieve this 
portability, the high-level API employs a high level of abstraction and provides 
very little control over look and feel. Typical applications using a high-level API are 
stock transactions, travel reservations, online purchase of tickets, news headlines, 
weather updates, and traffic information.  

The MIDP implementation isolates the application from differences among 
devices by handling issues such as screen layout and button mapping. 
Applications that run on devices supporting MIDP are called MIDlets. Like applets, 
MIDlets are controlled by the software that runs them – in this case the cell phone 
or two-way pager device implementation that supports MIDP and the CLDC. The 
combination of CLDC and MIDP provides a complete environment for creating 
applications on cell phones and two-way pagers. 

 High-level APIs 

 

 Low-level APIs 

 

 
 
 

 

Figure 5.12 The two profiles for MIDP are not overlapping. 

5.9 Discussion 
When developing applications that will be executed on the terminal (as opposed to 
applications that are executed before transmitting them to the receiver), the only 
way to make them scalable is having the application check what capabilities the 
receiver has and then make it adjust itself accordingly. That might be facilitated by 
the profiles, but it is the application developer that makes the applications scalable.  
Having an application check the receiver’s capacity and developing what it will do 
under these different circumstances, makes the application rather complex when 
comparing to an application that only has one possible receiver with known 
capacity. The more complex the application gets, the greater the risk for operating 
failure. If the scalability works well or not depends on the application developer. 
That is why test suites are required in order to verify that the applications works 
well on all terminals. Conformance and interoperability testing are crucial 
elements to the success of for example MHP.  

Using profiles is only a way of facilitating scalability between the terminals that 
use the same APIS; it is not a solution to facilitate scalability to the whole range of 
terminals. The profiles were not created for this purpose, but DVB will examine 
how scaling MHP applications to achieve mobile services can be done9. The 
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terminals that use the same APIs have approximately the same capabilities and the 
same purpose in some cases, which is why MIDP’s solution could be an alternative. 
MIDP has defined which resources are required; it does not divide the set of 
terminals into profiles like many other APIs. At the Java One conference 2001 MIDP 
applications for Palm Pilot or Motorola/Nextel i85s phones were showcased. The 
attendees with these devices could view a personalised session list or exhibitor 
selections, download and play games, read developer information and chat with 
other attendees on their devices. For all the applications, the Motorola and Palm 
devices run the same Java technology client applications, built on the J2ME platform 
using MIDP [101].  
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Chapter 6 

Metadata for scalability  

6.1 Introduction 
The word "meta" originates from a Greek word meaning "alongside, with, after, 
next" [17]. The term metadata can be described as data describing the content of 
other data, "alongside" other data. Index cards are good examples of a traditional 
use of metadata. They describe the content of data, which in this case is 
represented by books in a library, for example author, title and publishing date are 
metadata describing a book. These descriptions, the metadata, make it easy to 
search for and locate a specific book in a library.  

The amount of accessible information around us is growing at an almost 
exponential rate. More and more information can be found electronically today, for 
example in databases and on the Internet. Even if this has lead to an increasing 
availability of information, finding what you are looking for is often not easier in 
these information sources than in a library. The use of metadata to assist in a 
search for information and to help us find what we really are looking for is 
becoming more and more important, and there are several new metadata 
standards under development. Knowing more about the information available 
electronically would highly raise the chances of finding what you are looking for 
faster. Apart from making data easier to find, metadata standards are now seen as 
a tool that could support extended functionality. This chapter contains a 
presentation of how the use of metadata may influence scalability as well as to 
what extent receiving terminals are involved in the process. Information on how 
metadata is implemented in digital TV broadcasting today is presented as a 
background. 

6.2 Metadata in TV-broadcasting Today 
Analogue broadcasting offers no other possibilities of sending information 
connected to TV-programs, metadata, other than by implementing TeleText. 
Through the introduction of digital TV, new possibilities of attaching information 
connected to individual TV-programs have arrived and metadata is implemented 
in digital TV-broadcasting at present, but not to any great extent. In the transmitted 
MPEG-2 TS Service Information tables (SI-tables) are included. They specify basic 
information about the data in the TS. This information is then used to inform for 
example an EPG with an updated listing of the broadcasted programs. Receiving 
terminals, for example STBs se may use the information available in SI–tables to 
block viewing of specific TV-programs if they have a higher age rating then what 
the terminal is programmed to accept.   
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Subtitling is another example of information that may be attached to the content in 
the transmitted MPEG-2 TS. It can be an integrated part of the picture or transmitted 
as separate data connected to the video signal. It is possible to synchronise other 
data such as metadata, in the same way to a specific part of a video stream, but 
metadata is not implemented that way today. Subtitling together with audio and 
TeleText, are the only data synchronised to a specific time code in the video 
stream10. As will be discussed later in this chapter, new metadata efforts like MPEG-
7 may change the role of metadata in broadcasting or example by connecting it 
through time-codes to specific parts of a video stream, supporting personalised TV 
viewing and assisting in scalability.   

6.3 The Role of XML 
The linkage between a metadata record and the resource it describes may take two 
forms. It can consist of elements that are contained in a record separate from the 
item, as in the case of the library's catalogue record, or the metadata may be 
embedded in the resource itself, as is the case with HTML and web pages. The 
different elements defined by HTML, e.g. layers and tables, are simple approaches 
to structuring the content of a web page. HTML elements do not give any 
information about the content in the document, only the structure [102].  

XML, another mark-up-language defined by W3C, offers a higher level of 
freedom in the creation of elements [103]. Elements can be defined to give 
information about the structure as well as the content. The following table 
illustrates how HTML and XML can describe a document. The standardised tags 
available in HTML only allow for an anonymous separation of the elements in the 
address, while a specific group of tags related to the content can be created in XML. 
The name of a group of tags in the example in Figure 6.1 is address, and it contains 
tags describing the name, street, city, and telephone and fax number. 

HTML XML 
 
<p> 
Jane Doe<br> 
Main Street<br> 
The Big City<br> 
Tel: 111<br> 
Fax: 222 
</p> 
 

 
<address> 
<name>Jane Doe</name> 
<street> Main 
Street</street> 
<city> The Big City</city> 
<tel> 111</tel> 
<fax>Fax: 222</fax> 
</address> 
 

Figure 6.1 Example of the differences between HTML and XML. 
 

XML consists of rules that anyone can follow to create a mark-up language from 
scratch. The rules ensure that a single compact program, often called a parser, can 
process these new languages.  

XML is used to create optimised mark-up languages structuring data in specific 
usage areas. For example, a medical association can create a XML mark-up 
language, to structure all their medical records. Consider a doctor who wants to e-
mail a medical record to another doctor. If the XML mark-up language is used to 
structure an e-mail could containing for example <patient> <name> Jane Doe 
</name > <allergy> nuts </allergy> </patient>. Programming any computer to 
recognise this standard medical notation and to add this vital statistic to its 
database then becomes straightforward and can be done automatically [104]. 
                                                           
10 Tullstedt, P. System Engineer Teracom, Interview December 2001. 
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XML has gained wide recognition and its adaptability to adjust to different 
application scenarios is one reason why it is implemented in a number of 
upcoming metadata standards. These standards concentrate on different 
application domains that have their specific implementation area. MPEG-7, TV 
Anytime, SMPTE Metadata Dictionary and Dublin Core are four of the main 
standardisation efforts within this area. MPEG-7 is the metadata standard of most 
interest to the implementation of scalability applications. The other standardisation 
activities are focused more on specific application domains, while MPEG-7 is a 
generic standard. 

6.4 MPEG-7  
MPEG-7 is the metadata standardisation activity of most interest to the topic of this 
thesis, since it targets the widest range of applications including those offering 
scalability. 

6.4.1  Introduction 
The basic reason for creating MPEG-7 was to create a standard for defining how 
audio and video could be as searchable as text is today. Multimedia Content 
Description Interface, the official name of MPEG-7 clarifies that.  

The Motion Pictures Expert Group (MPEG), a committee appointed by 
International Organisation for Standardisation (ISO) and International 
Electrotechnical Commission (IEC), developed MPEG-7 and presented it in 
September 2001 [105]. The same committee has also developed the compression 
standards MPEG 1, 2 and 4 and is working continuously on maintaining and 
developing additions to MPEG-7. 

The different business areas that are represented in MPEG and involved in the 
development of MPEG-7 are broadcasters, equipment manufacturers, digital content 
creators, network providers, publishers and intellectual property rights managers, 
as well as university researchers. Influences from all these areas resulted in the 
development of MPEG-7 to be a multimedia description standard that can be 
implemented in several application areas. Scenarios where metadata can be 
transmitted along with the described data, for example broadcast together with 
radio and TV, was addressed, as well scenarios where metadata is stored in 
databases and servers. 

MPEG-7 contains ways to describe content related issues as well as the content 
itself. How the descriptions are generated and consumed does not fall within the 
scope of the standard [105], as Figure 6.2 illustrates. This is left to the market and 
future competition to decide. 
 

 

Figure 6.2 The scope of the MPEG-7 standard. 

Despite that, the MPEG-7 standard is of interest as it describes what a receiving 
terminal could be exposed to to implement scalability. Supporting applications 
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where MPEG-7 is used to assist in scalability is one part of MPEG-7 that developers of 
the standard are working on and hope to realise.  

6.4.2  MPEG-7 Elements 
All MPEG-7 descriptions are created by a set of elements. These elements can be 
divided into five groups based upon the functionality that they support, as 
illustrated in Figure 6.3. For example, how multimedia content can be navigated 
and accessed can be expressed by elements in the Navigation and Access Group. 
The group of basic elements is used to construct more complex elements, 
describing for example structural and semantic aspects of a movie. 
 

 
Figure 6.3 Overview of MPEG-7’s description support. 

MPEG-7's limit to defining only descriptions and not how they are handled, means 
that it is open for any kind of implementation. That includes how scalability of 
applications is supported. The shaded groups in Figure 6.3 above, Content 
Management and Content Description, Navigation and Access as well as User 
Interaction all have elements that can be used to construct descriptions supporting 
scalability. These elements are described further in 6.4.3. 

Descriptors and Description Schemes 
The elements in Figure 6.3 consist of a number of standardised Descriptors (D) and 
Description Schemes (DS). When a set of DSs and Ds are initiated and used to 
express for example a scene in a movie, they are referred to as a description. 

The standardised Ds and DSs are encoded in XML, since XML Schema was 
adopted as the basis for the Description Definition Language (DDL) of MPEG-7 [106]. 
The DDL defines the syntactic rules to express and combine DSs and Ds. It is 
described in the MPEG-7 overview document [105], as the language that allows the 
creation of new DSs and possibly Ds. It also allows the extension and modification 
of existing DSs. 

p.46  
 



Considering the widespread acceptance of XML and its implementation in other 
upcoming metadata standardisation efforts, choosing XML as the DDL mark-up 
language in MPEG-7 will assist in achieving consumption of and interoperability 
between different standards.  
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Figure 6.4 The relation between DDL, DSs and DS. 

Figure 6.4 above illustrates how DDL, DSs and Ds are related [105]. The root element 
is the MPEG-7 DDL that is used to define all DSs and Ds. As seen in the figure, DSs can 
consist of other DSs as well as Ds, specifying how they are related to each other. The 
leaf nodes in description trees consist of Ds. They are formally defined as 
representations of a feature that defines the syntax and semantics of that feature. 
The branch furthest to the right in Figure 6.4 represents D and DS that are not 
standardised but created using the MPEG-7 DDL. They can only be interpreted by 
terminals that know how to interpret them, i.e. terminals only supporting the 
standardised Ds and DSs, defined in the MPEG-7 standard, cannot decode it. Those 
terminals would simply see that part of a description as unknown data and skip it. 
This possibility to create new Ds and DSs makes MPEG-7 a scalable metadata 
language.  
 

 

 
S 

 

S 

Figure 6.5 Example of pa

Figure 6.5 is an example of part 
illustrated in Figure 6.4. Its nodes
movie Sound of Music, Julie And
name of the group, Lead Actors. T
well-structured description of the L

6.4.3  Elements Supportin
Multimedia Access (UMA)

The need to create a standard, w
applications targeting a wide ra

 

 
 

PersonGroup D
 
 
 
 

Member D 
Julie Andrews r 

rt of a description tree st

of a description tree t
 consist of Ds describi
rews and Christoffer
wo DSs are hierarchic
ead Actors. 

g Scalability and U
 
hich uses metadata, t
nge of receiving term

p.47  
Member D 
Christoffer Plumme
NameofGroup D
Lead Actors 
 Agent D
DD
D

 

DDD
D

D

ru

ha
ng
 P
al

n

o 
i

D
D
D

D

D

cture. 

t follows the structure 
 the main actors in the 
lummer as well as the 
ly defined to provide a 

iversal 

support the creation of 
nals, became apparent 



during the development of MPEG-7. As a result, MPEG began working on how MPEG-
7 can support Universal Multimedia Access (UMA), including audio and video, 
from the expanding range of mobile communication consumer products. For 
example users of mobile phones and PDAs might benefit from an extended access 
to multimedia content. To achieve this, scalability is an important factor. The 
standardised Ds and DSs in MPEG-7 provide some support for UMA and scalability. 
The groups described below refer to the different functionality of MPEG-7 and are 
illustrated in Figure 6.3. 

The Navigation and Access group 
Elements from the Navigation and Access group represented in Figure 6.3, include 
DSs that might be used to implement scalability. Summary DSs can provide a 
summary of a video in different ways. Terminals that do not have enough capacity 
to display the original can view the summarised version instead of the original 
video.  

A Hierarchical DS organises summaries into multiple levels that describe audio-
visual content at different levels of detail. A Hierarchical Summary could, for 
example summarise a football game through key frames or key video segments. It 
could define three levels of detail and is summarised by a single video frame at the 
root. The next level could consist of three frames that summarise different 
segments of the video. Finally, the bottom level provides additional frames, 
describing in more detail the scenes in the segments.  

A HighlightSummary DS can provide a summary of audio-visual content by 
containing locators to highlight segments consisting of key-video clips, key-video 
frames, key- audio frames or key- audio sounds.  

Variation DSs make it possible to point to different variations of the multimedia 
content that can replace an original. The different versions may vary in for example 
bit-rate or resolution to make it possible for servers, proxies or terminals to select 
the most suitable variation to suit the capabilities of the receiving terminals, 
network conditions or users preferences [105].  

The Content Management Group 
The Content Management group in Figure 6.3 includes the 
MediaTranscodingHints DSs. It is the most implemented MPEG-7 tools to support 
scalability and UMA. Audio-visual content that can be implemented in a UMA 
application might have to be converted between different bit-rates and frame-rates, 
and also account for different screen sizes, decoding complexity and memory 
constraints. 

MediaTranscodingHints DS includes a number of different Ds that specify hints 
on how the referenced multimedia content can best be transcoded to be consumed 
by a number of different receiving terminals. These transcoding hints will describe 
how variations of a multimedia material can be generated by translation, 
summarisation or extraction methods [107]. Transcoding hints will thereby 
function as a guide to the content adaptation process that is performed at a later 
stage in the transmission process.  

Implementing transcoding hints could be one solution to reaching different 
terminals without having to transmit several different versions of the multimedia 
content. Through the creation of transcoding hints the content creators or 
transmitters could still maintain control over the final result without having to 
transcode the material themselves. The receiving terminal could perform the 
transcoding in real time with the assistance of the transmitted transcoding hints. 
The transcoding could for example consist of dropping frames or objects, or 
decoding only the important parts of a scene as specified by the received 
transcoding hints. 
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Hardware limitation on mobile communication terminals is one reason why 
using transcoding hints in receiving terminals is not the focus of research within 
MPEG-7 today. When the consuming terminals targeted in an UMA scenario have 
the processing and memory capacity to handle the transcoding of transmitted 
multimedia content themselves, MPEG-7’s will support such applications. Being 
implementation independent is MPEG-7’s main advantage.   

The scenarios that have been presented so far that use MPEG-7’s transcoding 
support at receiving terminals, target a terminal that have similar capacity as a 
server. It is considered a home server and consists of an advanced STB with PDR 
functionality. It handles scalability of multimedia content, in real-time on non real-
time, with assistance from broadcasted MPEG-7 transcoding hints. The transcoded 
content can then be transferred to connected terminals, for example a portable TV 
screen or a PDA [108, 109]. The home server functionality may be given to the most 
advanced future STBs. Through these boxes a number of different terminals 
available in a house can be reached through only one broadcasted version of the 
multimedia content. 

The Content Description Group 
The Content Description group in Figure 6.3 contains elements to create 
descriptions of the structural and semantic content of multimedia. Different Ds and 
DSs can be combined to describe for example the main actors, the director and the 
story of a movie. Structural descriptions can define for example temporal segments 
of audio and video, temporally moving regions of video and describe segment 
attributes. Semantic descriptions of broadcasted TV programs can be used to 
implement filtering of the received content and thereby offer a personalised 
broadcasting scenario [110]. For example, metadata can be associated to highlights 
or goals in a soccer game or the weather forecast in a news broadcast. Descriptions 
can be included in a broadcast content stream and make it possible for the 
receiving terminals to find out what the transmitted streams contain and allow for 
viewers to create a personalised TV viewing. 

The personalisation consists of filtering of the received TV-programs, made 
possible by the information given in the enclosed MPEG-7 descriptions. The 
broadcasters themselves perform no personalisation of the broadcasted TV 
programs; the filtering is performed at the receiving terminals. Exactly how the 
receiving terminals perform the filtering is not defined in the MPEG-7 standard, 
since it is description consumption. But user preferences expressing the rules of the 
filtering can be defined by MPEG-7 through elements in the User interaction group, 
discussed in the following section. 

STBs with PDR functionality will filter the broadcasted TV-programs by parsing 
the incoming metadata to see if the content fits a user profile stored in the box. 
Using an open metadata standard such as MPEG-7 in a personalised TV scenario is 
essential for a wide acceptance. Pay-TV operators that only distribute TV channels 
to a limited number of receiving terminals can accept and might wish for a 
proprietary metadata solution. Free-to-air broadcasters that want to reach all 
possible receivers might be forced to transmit different sets of metadata, 
appropriate to several types of PDRs, if proprietary solutions are used [111]. 

The TV Anytime forum is another participant in the development of metadata in 
TV broadcasting. It is limited to creating a metadata standard that supports 
personalised TV. It is based upon XML schema, as is MPEG-7 [112], and is very 
similar to MPEG-7’s Content Description group. It is therefore not a competing 
standardisation effort. 
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The User Interaction Group 
The User Interaction group in Figure 6.3 contains an element called User 
Preferences. It consists of Ds and DSs that can be used to describe terminal 
preferences related to consumption of multimedia content, enabling user 
interaction and personalisation of content [113].  
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6.4.4 Profiles in MPEG-7 
MPEG-7 contains over a hundred DSs and Ds that can be combined to create 
different descriptions [105]. Many DSs are only usable for a specific group of 
applications, while others are more general. Depending upon how and how many 
DSs and Ds are combined to form a description, the complexity will vary. The 
memory and processor capacity required to decode the description is another 
factor affecting the complexity [117]. 

It is unrealistic to send highly complex descriptions fast and still expect that all 
targeted description-consuming terminals are able to decode them in non real-time 
as well as real-time. This is an important issue for applications where the 
descriptions could be very complex. One example is a digital TV broadcasting 
scenario where many of the Ds and DSs discussed in 6.4.3 can be included to 
implement scalability and reach a wide range of terminals. It may be useful to 
know which standardised Ds and DSs targeted receiving terminals will need to 
interpret. 

Specifying groups of Ds and DSs needed to create descriptions in specific 
applications will assist in knowing the possible complexity of descriptions, and 
thereby what receiving terminals must be able to decode. These groups of Ds and 
DSs are called profiles. There are discussions within MPEG-7, if profiles should be 
included in the standard. For example, there is an expressed interest in creating a 
profile dedicated to PDRs. Profiles are already introduced in MPEG 1, 2 and 4 to 
support different application areas. Main Profile at Main Level, MP@ML, in MPEG-2 
is the profile used for digital TV broadcasting. Terminals will be able to support 
descriptions of a specific MPEG-7 profile depending upon the available connection, 
memory and processing capacity.  Simpler receivers, for example mobile phones, 
might support a smaller MPEG-7 profile than a PDR. Descriptions constructed for 
more advanced profiles than a specific terminal support, might not be fully 
understood and decoded.  

It may be possible to use more complex descriptions, without straining 
receiving terminals that possess less processing capacity and therefore support 
simpler profiles. To make this possible, private data can be used. It can be created 
using MPEG-7 DDL or another definition language. Terminals with less capacity will 
skip the unknown bits that represent private data. More powerful receiving 
terminals can be given the tools to interpret the metadata defined as private data 
and thereby decode all the information. 

A disadvantage of profiles is that it will limit the interoperability of 
descriptions, which was one of the reasons for creating MPEG-7. The capacities of 
the targeted terminals limit the operability and inflict a need to limit the size and 
complexity of descriptions. If the descriptions supporting scalability are too big to 
be decoded by the receiving terminals, there is a risk that the whole scalability 
process will fail. A description could simply be too big to be consumed in real-time 
by for example a mobile phone. Profiles may therefore be useful to introduce in 
MPEG-7 since it is implemented in several other standards and a familiar concept 
for many users. An optimum future scenario, though very hard to achieve, would 
be to make profiles unnecessary as the capacity of all mobile receivers increase, 
thereby achieving total interoperability between MPEG-7 descriptions and all 
consuming terminals. 

6.4.5 Encoding of MPEG-7 Descriptions 
Apart from Ds and DSs, MPEG-7 also contains System Tools. They consist of the 
tools that are needed to prepare MPEG-7 descriptions for efficient transport and 
storage, and to allow synchronisation between content and descriptions [118]. 
Besides the ASCII representation of the XML file representing an MPEG-7 description, 
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a binary encoding of metadata, BiM, is also standardised as an MPEG-7 System 
Tool. Sending textual descriptions as zipped text files requires that the receiving 
terminal can unzip the files, which requires extra processor capacity. Apart from 
the problem of the memory and processor requirements that the unzip program 
needs, having to unzip the whole description and interpreting it is too demanding 
to be performed in real-time or near real-time. This makes it impossible to use 
when implementing metadata in a broadcasting scenario where receiving 
terminals are often consuming the content in real-time. 

Implementing the binary representation of metadata, BiM, is a better choice for 
transmission and consumption in real-time. One reason for this is that BiM 
implements a packet-based structure, which allows for near random access [118]. 
This makes it more suitable for real-time consumption applications since it makes 
it possible to decode only a part of a description and still obtain the most important 
information. 

In general, each MPEG-7 description starts with a root element, which can 
contain one or more DSs. Those DSs that are children of a root element are referred 
to as top level elements. Since all MPEG-7 descriptions are hierarchically defined, 
see Figure 6.4, they can be interpreted as a description tree.  

 
 
 
 
 
 
 
 
 
 
 

Figure 6.7 Example of a tree representation of a MPEG-7 
description and the package structure. 

A description can be delivered in a single block or fragmented in small pieces. 
These pieces consist of sub-trees of the description tree and are transmitted in 
different packages in any order, as illustrated by Figure 6.7. The packages are used 
to reconstruct the tree at the receiving terminals. The packet containing the most 
important part of the description tree can be transmitted first. Which is the most 
important part of a description, differs from application to application. How it is 
selected is not defined by MPEG-7, but left to the application developers to decide. 
Since this is the part of the description that the receiver decodes first, a decision can 
be taken on whether the following information should be decoded or not. This 
saves processing capacity of the receiving terminals CPU while it still receives the 
most important part of the MPEG-7 description.  

Near random access is possible by defining points in the description tree that 
are marked with a Random Access Marker [118]. These nodes can always be found 
since they are given a full navigation path from the root node, i.e. no knowledge of 
the structure of the other branches is necessary. Since not all nodes are marked like 
this, full random access is not possible. 

6.4.6 MPEG-7 Descriptions in MPEG-2 TS 
A list of requirements [119] for the inclusion of metadata in MPEG-2 transmission 
systems has been presented by MPEG. One of the requirements specifies that the 
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synchronisation mechanism between metadata and TV programs shall work in 
complex MPEG-2 TS distribution systems, including multiple stream insertion 
points, multiple multiplexes that might be found in broadcasting systems such as 
DVB. Work is ongoing within MPEG to define exactly how MPEG-2 should handle the 
transportation of metadata, and a standard proposal has been submitted to 
ISO/IEC. This addition to the MPEG-2 standard is expected to be standardised in 
2002 [120]. 

6.4.7 MPEG-7 Consuming-terminal Architecture 

Since MPEG-7 is a standard that supports a generic implementation of metadata, it 
is likely that a wide range of terminals will be receiving with MPEG-7 descriptions 
in the future. The objective of this section is to provide the basic structure of a 
terminal making use of MPEG-7 descriptions. The architecture of a MPEG-7 
consuming terminal is illustrated in Figure 6.8 [105].  
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concern from TV content providers that advertisers will object to paying for TV 
commercials that end consumers automatically can skip. 

A digital video camera that can automatically extracts MPEG-7 descriptions and 
thereby supports UMA, is described in a report presented by EPA and the Swiss 
Federal Institute of Technology [121]. It will not extract semantic description, only 
low-level descriptions, such as colours and figures. It is an interesting, although 
complex scenario to realise, that could ease the process of describing video 
material and support the introduction of MPEG-7 into the area of TV broadcasting. 
Since MPEG-7 is a fairly new standard describing how metadata can be used to 
describe multimedia, it is not yet implemented in commercial use to any high 
extend, therefore the MPEG-7 group has initialised an Industry Forum to inform 
and promote the use of MPEG-7 [122]. 

6.5 Discussion  
MPEG-7 and metadata in general offer support for scalability by declaring the 
content of for example streamed data. The limit of the scope of MPEG-7 is to define 
only what descriptions shall look like, not how they are consumed. This is the 
reason why MPEG-7 does not supply complete scalability solutions, only tools to 
support scalability. Since there are no rules how MPEG-7 must be used, it could 
open up many different implementations and therefore be a standard with a large 
acceptance. Because MPEG-7 is a new standard, there are not many 
implementations of MPEG-7 yet and it is difficult to see if it will be useful for 
scalability.  

The Ds and DSs described in this chapter, shows that MPEG-7 describes how 
metadata could be used in many different scenarios. Most scenarios involving 
scalability of an application are of the nature where a terminal sends information 
about itself, along with an initial request, followed by a server adapting an 
application and transmitting it. This is scalability where the receiving terminal is 
not involved in the process, apart from declaring its capacity.  Those scenarios are 
created for data communications or telecommunications. In telecommunications 
transmission capacity is much more limited than in DAB and DVB-T and receivers 
are often addressed via unicast. Because of this, it is a better choice to scale the 
content before it transmitted in a telecommunications network. This avoids 
charging for transmission capacity of an unnecessary large application that has to 
be scaled upon reception. 

There are many possibilities within MPEG-7 to define choices for receiving 
terminals, for example defining a summary or other variations of a video clip that 
can be extracted and viewed instead, if the original is to complex to display. This 
definition of choices does not necessarily fulfil the requirement of the scalability to 
reduce the complexity, but it is an alternative of adapting an application to be 
displayed on receiving terminals with limited resources. If MPEG-7 could be used to 
inform a terminal what part of a scene is most important to decode, it would 
support a scenario where the complexity of an application is altered. 

Since MPEG-7 allows content developers to specify how an application can be 
altered, for example via transcoding hints, without performing the actual 
transcoding themselves, that scalability support could be used at receiving 
terminals. With the limitations of the capacity of today's mobile terminals, it is 
probably a scenario that will not take place within the next few years.   

The support for transmission of MPEG-7 descriptions in MPEG-2 TS will ease an 
introduction of extended use of metadata in Digital TV broadcasting. It is most 
likely the support for content selection performed by PDRs, via descriptions created 
from the Content Description group and the User Interaction group, which are the 
parts of MPEG-7 that may be implemented first in broadcasting. Even though it is 
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not a true scalability scenario it could spread the use of MPEG-7 thereby creating an 
interest from broadcasters to study MPEG-7 and the Ds and DSs that may support 
scalability further to see how they can be implemented. 
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Chapter 7 

Scalability in IP Streaming 
Applications  

7.1 Introduction 
As previously mentioned it is possible to transmit other data than traditional radio 
and TV services over Teracom’s digital broadcasting networks, for example 
tunnelling of IP packages. Therefore it is of interest to the research in this thesis to 
include a discussion on how applications streamed over IP can support scalability 
and to what extent receiving terminals are involved in the scalability process.   

Streaming, the way it is discussed in this thesis is defined as delivery of time-
based information over a network at the same rate as its local display rate. Time-
based information is information that must be displayed or played back 
consecutively at predetermined time instants [123]. This implies that the 
information that is streamed is displayed at the same time as it is being received. 
Streams can originate from a live source, such as a video camera, a web cast, or an 
audio feed from a radio station, or the source can be an audio or video clip stored 
on a local server. 

The definition in the previous paragraph classifies radio and TV broadcasting to 
be true streaming technologies, but the arrival of transmission over IP networks has 
presented a new group of streaming applications that are increasing in popularity. 
These are the applications whose scalability support is presented in this chapter. 
Promotional movie clips, news clips and live coverage of conferences or concerts 
are examples of services offered over these IP based streaming applications today. 

The potential consumers of these streaming solutions are connected to IP-
networks through a variation of connections with different transfer capacities. To 
prevent the risk of a playback of a video from stopping, the transferred data rate 
has to be less than the maximum transfer rate of the receiving terminal’s network 
connection. Rebuffering causes stops, which are necessary, when the player at the 
receiving terminal runs out of data and must wait for more to arrive. Scalability 
has become an important aspect for IP delivered streaming solutions. It makes it 
possible to serve different users with a customised data flow.  

There are ways to avoid streaming at just one bit rate to all users. The easiest 
way to scale a streaming service is by encoding for a number of different bit rates 
and simply allowing users to pick the one that is most suited for their connection 
capacity. A user connected to an IP network through a 56k modem cannot receive 
and playback a video stream that is sent at a bit rate higher than 56 kbps. This 
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means that the quality of the video clip that the user needs to choose will be low, in 
relation to the uncompressed original version. The resolution of the transferred 
video clip will most likely be optimised for QCIF, 176*144 pixels, which is a 
significantly smaller resolution than that of a standard TV signal with a 720*576 
pixels resolution.   

This is not an acceptable quality of a video clip for a receiver connected through 
a broadband connection, which has a much higher transfer capacity than that of an 
ordinary modem. Receiving a video clip encoded for a low bit rate, such as 56 
kbps, is in often a bad utilisation of free transfer capacity for a receiving terminal 
that has a connection capacity of for example 300 kbps. A video stream encoded for 
a higher bit rate, which uses the connection capacity better, will most likely result 
in a video with an enhanced quality compared to the stream encoded for a 56kbps 
maximum reception.  

Offering versions of the original video clip, encoded to suit different transfer 
capacities, for users to choose from is one way to scale the original version. At least 
a few different users will then be able to select a suitable version for their terminals 
connection capacity. This is not an automatic or invisible solution to handle 
scalability, since it requires the users to take a conscious decision of which link is 
most appropriate for her/his terminals connection capacity. The above mentioned 
scalability solution does not include the receiving terminal in the scaling process at 
all. 

7.2 Dominating Solutions for IP-streaming  
Apple, Microsoft and RealNetworks have developed the three streaming solutions 
for IP-networks that are the dominating solutions today. They all include ways of 
managing scalability, although the complexity of the scalability implementations 
varies between the different streaming solutions. 

7.2.1  The Main Scalability Solution 
RealNetworks’ solution to handle scalability of streaming audio and video is 
called SureStream. It collects differently encoded versions of a video or audio clip, 
and stores them in one multi bit-rate file, a SureStream clip.  

 
Figure 7.1 SureStream clip encoded for several targeted 
bandwidths [124]. 

Figure 7.1 illustrates how different versions of an audio or video clip included in a 
SureStream clip, are transmitted to RealPlayers in different terminals. As seen in 
Figure 7.1 it is possible to optimise the encoding of the separate versions in a 
SureStream clip to different bit rates that can be transferred. It is not a possible 
solution to encode the streams for different display resolutions, suitable for 
different sizes of a playback window. The size of the optimised playback window 
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has to be the same for all streams within a SureStream clip. Offering different 
optimal display resolutions requires that a separate SureStream clip be made for 
each different resolution [124]. Servers developed and sold by RealNetworks, can 
handle up to eight different versions of a video or audio clip in one SureStream clip 
[125].   

It is possible to have a SureStream clip that is encoded for only one targeted bit 
rate, for example a 56 kbps modem. That SureStream clip will include extra 
versions, usually two or three, of the original audio or video clip. These are called 
Duress streams and are encoded for lower transfer rates than the single optimal 
targeted bit rate. Duress files offer a simpler automatic bit-rate adaptation to 
receivers with a fluctuating network connection. When the user has chosen a 
SureStream clip that is optimised for just one targeted transfer capacity, it is only 
possible to alternate between the different Duress files in that SureStream clip. A 
SureStream file that contains streams optimised for several targeted connection 
capacities can be too large to handle at times. A larger SureStream clip does have 
an advantage compared to a SureStream containing only Duress files for one 
targeted connection. It can serve many receivers with alternate scalable streams 
suited for each connection's specific transfer fluctuations.   

A similar scalability scenario is found in Microsoft’s solution for streaming of 
media content. The scalability technology in Windows Media, Intelligent 
Streaming, makes it possible to include up to ten versions of a video clip in a single 
file, similar to RealNetworks’ SureStream clip [126]. The single audio stream is 
always transmitted, together with the selected version of the video clip, 
independent of the capacity of the network connection. In extreme cases, the Media 
Player may only play the audio track to compensate for very slow connections. 

Necessary Server Software 
During the playback of a video clip, dedicated server software is necessary to 
change, during a playback session, the bit-rate encoded multimedia clip that is 
transmitted. Monitoring the performance of each connection is included in and 
managed by the proprietary software. This applies to RealNetworks as well as 
Windows Media. Without the right software installed, a server would always send 
the whole SureStream clip or Intelligent Streaming file instead of just one stream, 
since it can only be optimised for one connection speed. That could result in an 
overloaded network connection where the receiving terminal is not able to 
playback any part of the video clip at all. RealNetworks and Microsoft are the only 
vendors of the dedicated software and they have priced it high. 

Information published by RealNetworks and Windows gives the impression 
that there is one main difference between their scalability scenarios. Microsoft 
states that negotiations are conducted continuously between the server and the 
player in Windows Media, before the server alters the transferred video clip [126]. 
RealNetworks on the other hand, informs that the server alone conducts the 
adaptation during the playback of a media clip in their solution [125].  There is no 
information about an ongoing negotiation between the server and the player. 
Instead the specific server software senses the network capacity and uses that to 
decide which stream to send. Neither Real nor Windows has made public exactly 
how these solutions operate.  

It is likely though that these solutions function very much in the same way. 
Settings in RealPlayer give the user a choice to decide if data about the connection 
should be sent to the transmitting server or not. This implies that communication 
between the server and the player may be a factor in deciding if the transferred bit 
rate should be altered or not, in Windows Media as well as RealNetworks. 
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A Simpler Scalability Solution 
Scalability of streamed data is also supported by Apple’s streaming solution, 
QuickTime, but in a simpler way. QuickTime’s solution uses a file, a Reference 
Movie, containing pointers to files with alternate multiple versions of the same 
video clip for streaming at various data rates [127]. One link to a Reference Movie 
is sufficient to reach the different versions of a media clip. At the beginning of 
playback, the Reference Movie requests an alternate version according to the 
settings that the viewer has configured in the control panel in the QuickTime 
Player. The settings define for example the maximum transfer capacity of the 
players network connection. Once the player has been configured, the viewer has 
no other influence in the decision on which bit-rate encoded version that is most 
suitable to transmit. The server takes the decision automatically based upon the 
information about the network capacity of the player in the incoming request. 
Once the server has decided which movie to transmit, no adaptation of the stream 
is conducted. The transferred stream is the same throughout the entire playback of 
the clip. The necessary server software in the QuickTime streaming solution can be 
purchased on request from Apple only [128]. 

When QuickTime’s Reference Movie is implemented, a very low bit-rate 
encoded video clip is also transmitted in every stream together with the optimal 
version of the video clip. All the players, regardless of what other version is being 
transmitted, receive this version of the original clip. It has to require very little bit 
rate, memory and processing capacity to ensure that it can be viewed on all 
possible terminals. It usually consists of a few frames with a low bandwidth audio 
track or a single image. It is transferred to avoid a blank screen if the bit rate 
suddenly does a quick drop to a very low level. As a result of always sending a 
very low bit rate version, it provides a basic form of guarantee that the receiver 
will be able to receive and playback the core information. This represents a simple 
kind of scalability at receiving terminals. 

7.2.2  Scalability Performed at Receiving Terminals 
When implementing any of the three dominating solutions for streaming over IP-
networks the active participation in the scaling process that terminals have today, 
is typically by running dedicated software, players. They can assist in notifying 
servers of the changing capacity of a terminal’s connection. The server then 
handles the actual scaling, i.e. the change of transferred bit rates, to best suite the 
capacity of the network connection of the receiving terminals. 

Nevertheless RealNetworks does state that its solution includes a way to scale 
the content at the receiving terminal. The scaling is implemented through a coding 
technique called Scalable Video Technology (SVT) [124] that is available in 
RealNetworks’ encoders. RealNetworks state that SVT allows the player at the 
receiving terminal to scale down the frame rate of a received video clip, depending 
upon the processing capacities of the receiving terminal. A scene may be encoded 
at 15 fps, but played on some players at 8 fps if those receivers lack the processing 
capacity to decompress 15 fps video clips in real time. Because SVT is an integrated 
part of RealNetworks’s proprietary streaming solution, very little information is 
revealed about how SVT function.  

Since the scaling at the terminal, which is performed by a software player, is 
achieved through a proprietary codec, it is not easily translated to other scenarios 
where scalability may be useful today. Implementing additional software that 
scales received content could be one possible solution to implement scalability. 
Making the software require as little processor capacity and memory allocation as 
possible, may be an important factor to reach low-end clients with scalable 
multimedia content.  
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Windows Media also has a scalability function that is performed by the player at 
the receiving terminal. It lowers the displayed frame-rate when the connection 
capacity is lower than the transmitted bit rate. By lowering the frame rate, the 
player is able to display at least a few complete pictures, instead of displaying a 
stream of half-received pictures with very bad quality.   

7.2.3  Quality Issues 
An advantage of the scalability technologies, implemented by RealNetworks, 
Microsoft and Apple, is expected to be that it provides users with an automatic, 
almost seamless solution to scaling. To obtain that, several factors have to be 
considered.  

It is possible to encode a clip so that either audio or video is enhanced if 
receivers must scale it. Altering the frame rate to very few frames per second 
before switching to a different stream that has a lower bit-rate to transfer can result 
in an unwanted effect. When the frame rate is too low it will cause the playback to 
resemble a slide show more than the playback of a video clip. Defining when the 
player should no longer lower the displayed frame rate, but playback a stream 
with a smaller bit rate instead, is important for a good final presentation.   

Since there are no QoS guarantees on the Internet, the most employed network 
to transport IP packages over, fluctuations in the availability of transfer capacity 
will not be uncommon and will therefore affect the end result. If the transfer 
capacity does a quick drop it is difficult to construct a scalability solution that is 
fast enough to react. In such a scenario, the result can often be a need to stop the 
playback of a streamed multimedia clip to rebuffer before resuming the playback 
at a lower bit rate. It will be easier to obtain a playback that does not get 
interrupted by rebuffering, when an adaptive bit rate transfer is conducted over IP 
networks that offer some kind of QoS, for example through the implementation of 
RSVP11 or DIFFserv12. Hopefully, the available transfer capacity in such networks 
will change less frequently, thereby not requiring as many changes in what version 
of a multimedia clip to transfer. 

7.3 The Future of IP streaming 
IP streaming a streaming technology that is increasing in popularity and will 
develop as the requirements for streaming changes. There are different areas that 
may influence how IP streaming develops in the future. 

7.3.1  Elimination of Pre-buffering 
All IP streaming solutions available today, need to buffer data before they can start 
to playback audio-visual content. This is done to prevent stops of the playback if 
there is a small delay variation, jitter, in the reception of data. Microsoft has 
presented a new streaming package, with a provisional name of Corona, to extent 
the services offered through Windows Media [129]. It is said to offer Fast Stream, 
which eliminates the need to buffer before playback. But to prevent drops in the 
quality of a playback caused by jitter, a small buffer will probably always be 
necessary. Reducing the size of the buffer that has to be filled before a playback can 
begin will minimise the necessary waiting time, possible making it unnoticeable. 

                                                           
11 An IETF standard that reserves resources along a route from source to destination. RSVP 
enabled routers then schedule and prioritise packets. RSVP runs over IPv4 and IPv6 [131]. 
12  A IETF standard for small building blocks from which a variety of services may be built, 
providing a framework for delivering QoS in networks. DIFFserv is expected to be used 
predominately in IP backbone environments [131]. 
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This might be how Fast Stream function. The Corona streaming package, 
containing server software, encoder, and player, will be available on the market in 
spring 2002 according to Microsoft [130]. 

7.3.2  Memory Requirements  
As discussed in this chapter it is necessary to download and install software 
packages, players, for example RealPlayer, Windows Media Player and QuickTime 
Player to be able to consume video and audio over IP networks today. The latest 
version of these players, aimed at stationary and portable computers, requires at 
least 8 MB storage capacity from terminals. Considering the size of the software 
packages, players can only be installed on computers with adequate memory and 
processor capacity.  

Windows Media Player does offer a smaller version to be installed on PDAs 
running Pocket PC, for example Compaq iPAQ. Even if this version of Windows 
Media Player is significantly smaller than the original version it still requires 
around 2 MB memory capacity [132]. That is a large part of the storage space in 
terminals where the latest versions possess up to 64MBs RAM and 32MBs ROM [48].  

Other mobile consumer electronics, for example mobile phones, possess 
significantly less memory capacity than PDAs. It is not possible to install a 2 MB 
player that enables playback of IP-delivered media on the mobile phones that are 
available today. Even if the memory capacity is constantly increasing it is unlikely 
that mobile phones in a near future will be able to dedicate several MB of memory 
capacity to store multimedia players. 

7.3.3  Thin Clients 
An option to players that have to be installed on the user’s hard disk in advance 
could be to offer thin-clients [133]. Each time a user requests an audio or video clip, 
the operator’s server will transmit a fresh copy of the thin-client viewer. The 
viewer should be well under 1 MB so that it delivers in seconds over a broadband 
network. It should reside in RAM, and disappear when the user is finished viewing. 
Transmitting the player along with the video content ensures that the receiver is 
always able to view the content with the latest version of the player. Viewing 
multimedia content in different formats would be easier with the implementation 
of thin clients, but it will most likely not be as simple as turning on a TV set.  

An advantage of using thin clients is that it may be possible to reach terminals 
with a limited storage capacity. Thin-clients could be implemented on for example 
PDAs and mobile phones, thereby realising playback of multimedia content 
without high memory consumption from a terminal. This is the most probable 
implementation area for thin-clients, since it will simplify playback of multimedia 
content on terminals where memory capacity is a critical factor.  

Another possible use for thin-clients could be to implement them on STBs. Thin-
clients would allow operators to complement their boxes with an ability to view 
audio and video delivered over IP without a need to store a relatively large player. 
STBs used to decode digital TV transmitted over IP networks, for example TV via 
Internet broadband, can of course decode IP packages today. But those boxes are 
not the focus of this thesis.  

The set-top boxes in focus receive and decode DVB transmission streams. Some 
of the boxes can decode IP packages, but it is not a standard function and they do 
not have the memory capacity needed to install large players for IP packaged audio 
and video. Through the implementation of a new set-top box standard, MHP, future 
STBs can have full capacity to handle IP-packaged information. MHP is discussed 
further in 4.3.1 and 5.3. 
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Despite the prior discussion it is questionable if thin clients will ever be 
implemented into set-top boxes in the future. There is a trend towards developing 
STBs into PDRs. Installing media players on these boxes could be a better choice 
than downloading smaller players with each request. Limiting the use of the 
available memory capacity would not be the main issue for such boxes. 
Downloading the players each time could delay the playback, making pre-installed 
players a more likely choice for STBs.  

7.3.4  Internet Streaming Media Alliance (ISMA) 
Profit-driven companies have developed and are controlling the three main IP 
streaming technologies, RealPlayer, WindowsMedia and Quick Time. It is 
therefore not likely that they will ever be open standards. To accelerate the market 
adoption of open standards for streaming media over IP, CISCO, IBM, Kasenna and 
Apple founded the Internet Streaming Media Alliance (ISMA) [134]. Instead of 
encoding audio and video material in different streaming formats, ISMA have 
proposed that a profile in MPEG-4 should be defined as the standard format for IP 
streaming. MPEG-4 is an open encoding standard for audio and video presented by 
the MPEG-group. Its support for scalability is discussed further in chapter 0. If 
ISMA’s goal is realised, one player will be necessary for a terminal to view all media 
streams available. This would save storage capacity from the receiving terminals, 
therefore making the implementation of thin-clients less important. Several other 
leading companies are members of ISMA, for example Philips and Sun. 
Apple, Microsoft and RealNetworks have different attitudes towards the 
introduction of MPEG-4. Apple is most positive since it is one of the founders 
behind ISMA and QuickTime 5, introduced in 2001, support the MPEG-4 format 
[135]. Microsoft on the other hand has decided not to support ISMA’s work on 
defining a specific set of MPEG-4 tools to handle the coding of multimedia that is 
streamed over IP. Instead Microsoft has created its own encoding technique where 
selected parts of MPEG-4 are included [136]. A future result of Microsoft’s decision 
can be that players that support ISMA’s MPEG-4 streaming format, might not be able 
to playback Windows Media’s multimedia clips encoded with its own version of 
MPEG-4. RealNetworks have introduced MPEG-4 as a supported format in the 
RealOne platform [137].  

7.4 Discussion 
Scalability performed at receiving terminals does not have a central role when 
adapting an IP streaming application to be receivable by different terminals. 
Instead it is the adaptable bit-rate transmission that is the focus of the proprietary 
solutions today. Adaptable bit-rate transfer can be considered an alternative to a 
full scalability support where all the scalability is performed at receiving terminals. 
It is not a solution that can be directly implemented in DAB and DVB-T. It requires a 
return channel that is constantly available during the whole transmission, and the 
altering of each transmission stream to fit the reception of each individual removes 
the ability to implement broadcasting, since each receiving terminal must be 
addressed separately. 

The companies that develop the dominating IP streaming solutions, 
RealNetworks, Microsoft, and Apple, have presented very little detailed 
information on how scalability is realised. The limited support that the streaming 
solutions have for scalability performed at receiving terminals is not emphasised or 
presented as a major scalability solution. 
Instead of working towards streaming solutions where receiving terminals adjust 
the display of video themselves, the focus is on offering the best possible stream 
instead, and to make the necessary player as small as possible to reach terminals 
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with fewer resources, for example PDAs. Before players are small enough to be 
transferred as thin clients after each request, it is possible the memory capacity of 
receiving terminals have increase by then making it easier to pre-install a player 
instead.  

If Microsoft’s streaming solution Corona will be able to fully eliminate 
prebuffering without a lower quality of the playback as a result, it might provide 
an IP streaming solution that is “smooth” and thereby resemble TV viewing. This 
could make it an option to offer multimedia playback to mobile receivers with little 
memory capacity available to prebuffer. The result could be a video playback 
resembling digital TV received over a DVB-T interface. But the player in the first 
version of Corona will only be available for PCs [129], and the system requirements 
of a future player for mobile terminals will still need to be lower than the players 
for mobile receivers that Microsoft offers today. 

To fully establish an open standard for streaming over IP networks, which is the 
goal of ISMA, will take time. Until it gains a wider recognition it is most realistic 
that RealNetworks', Microsoft’s and Apple’s proprietary streaming solutions will 
remain the dominant actors in the market for some time. With the introduction of 
MPEG-4 as an encoding technique for streaming, new possibilities to scale the 
content at a receiving terminal are available. Since MPEG-4 is not limited to IP 
streaming, its support for scalability is presented separately in chapter 8. 
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Chapter 8 

MPEG-4 and Scalability at 
Receiving Terminals  

8.1 Introduction 
MPEG-4 is a coding standard for audio, video, and graphics developed by MPEG for 
streaming over for example error prone networks. It handles a scene, a video 
sequence, still or graphical images, as a collection of objects that are individually  
[138]. An object can be for example a ball or an advertisement in the background of 
a basketball video sequence. The coding of separate objects in a scene instead of the 
whole scene as one allows for a flexible composition of decoded objects at 
receiving terminals. MPEG-4 encoded content can be transmitted to receiving 
terminals over several different networks and protocols, for example streamed via 
IP as mentioned in ISMA. It is not limited to transport via IP, which the dominating 
IP streaming solutions, Windows Media, RealNetworks and QuickTime discussed 
in chapter 7, are.  MPEG-4 is gaining acceptance among application developers and 
may be a coding technology that will be supported by many different terminals in 
the future.  Any scalability solutions in MPEG-4 that involve receiver terminals may 
therefore have a strong impact on how applications shall be created to reach many 
different terminals.  

8.2 MPEG-4 Mobile Streaming Solution 
PacketVideo has presented an MPEG-4 streaming solution that is available on the 
market today [139]. It targets terminals with limited processing power, limited 
battery life and varying display resolutions with multimedia content. This is partly 
achieved through a mechanism called Adaptive Decoding as well as a regulation of 
the frame rate. There is no information published by PacketVideo on exactly how 
the adaptation of the content function. 

PacketVideo’s streaming solution is not a proprietary solution like the 
previously discussed IP streaming solutions. Similar to those streaming solutions 
PacketVideo consists of three parts, encoder, server and player. The player is 
available for PDAs running Pocket PC and can be obtained through a free 
downloadable 1.5 MB installation file.  PacketVideo’s player for Pocket PC terminals 
is smaller than WindowsMedia’s, which requires 2 MB storage capacity from a 
terminal.  
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PacketVideo is optimised for transmission over wireless telephone networks used 
today, for example GSM, as well as the next-generation wireless networks being 
deployed, for example GPRS and UMTS. 

Since the output format of PacketVideo encoding is MPEG-4 standard compliant 
all MPEG-4 enabled players should be capable of playing PacketVideo encoded 
content. PacketVideo is a member of ISMA and its streaming solution can be seen as 
a step toward ISMA’s goal of one open streaming standard. Even if PacketVideo is 
based upon an open standard it is not a free streaming packet. Similar to the IP 
streaming solutions discussed, it is only the player that is free, which is a strategic 
decision to reach as many consumers as possible. It seems that it is required that 
companies wanting to purchase PacketVideo authoring tool as well as the server 
must be approved by PacketVideo as members before the price is given and a 
purchase is possible. 

The dominating proprietary streaming solutions discussed in chapter 8 have 
also expressed interest in MPEG-4, but at most as an additional supported encoding 
technology and it is will not replace the proprietary techniques. 

8.3 MPEG-J 
MPEG-J (Java) is a Java library that is included in the MPEG-4 standard [ 138, 140]. It 
can be used to compose the best-suited presentation of received MPEG-4 encoded 
objects at a terminal. This is achieved through Java-encoded applications, MPEG-J 
applications, created by content developers to control the display of the content in 
MPEG-4 encoded programs, for example TV programs. These applications enable 
the content creators to specify how the transmitted MPEG-4 content shall be 
combined at terminals with different resources available. MPEG-J applications can 
be stored in terminals or transmitted as data in separate ESs in MPEG-2 TSs.  

An example of how MPEG-J applications can be used might consists of a MPEG-4 
video sequence with a newscaster and a background news clip coded as separate 
objects. The content creator can through the application decide to freeze the news 
clip when the display frame rate of the terminal is lower than a defined minimum. 
High usage of the processor in the terminal can be one reason for degradation in 
frame-rate. 

8.3.1 MPEG-J APIs 
 

 
Figure 8.1 Required receiver support for MPEG-J applications 

[140].  

As illustrated by Figure 8.1, a MPEG-J application requires certain support from a 
receiving terminal to function. A Java VM must be installed at the terminals as well 
as specific APIs, which are defined by MPEG-J. These MPEG-J APIs handle the 
interoperability of MPEG-4 media players with the Java code and are organised into 
different packages.  

p.65  
 



MPEG-J is intended to function on terminals with limited processor capacity and 
memory, such as PDAs and mobile phones, as well as more powerful terminals for 
example set-top boxes and computer based multimedia systems. To support this, 
two profiles are created, Personal and Main. Applications and MPEG-4 devices can 
be constructed to support one of the MPEG-J profiles, which require different 
amounts of memory capacity from terminals. The Personal profile is optimised for 
terminals with limited processor capacity and memory while the Main profile 
addresses powerful terminals, for example STBs. 

API Support for Scalability 
The difference between the Personal and Main profiles consist of the Section 
Information and Service Filter (SI/SF) package of APIs, which is included in the 
Main profile only. The SI/SF package includes the Resource Notification API that 
make it possible for applications to register interest in being notified of changes in 
limited resources of a terminal. This information can be used by MPEG-J 
applications on for example a set-top box to adapt the presentation of MPEG-4 
content.  

Both the Main and the Personal profiles include a Resource Package of APIs. 
This package includes APIs that are used to monitor the system resources in 
different ways that support a scalable presentation. A Profile API makes it possible 
for MPEG-J applications to find out which MPEG-4 profiles are supported by a 
terminal. Once a MPEG-J application has information about a terminals 
profile/level, it can decide on how to behave and what functionalities can operate 
in the terminal’s environment. 

The Resource Manager API and the Terminal Capability API are the central 
composition components in the group. Two additional APIs necessary to compose a 
scalable presentation is the Resource Manager API, which functions as a centralised 
facility for managing resources and the Terminal Capability API providing access to 
dynamic and static terminal resources.  

8.3.2 Possible MPEG-J Terminal 
Since MPEG-J can only be used to control the composition of MPEG-4 encoded 
objects, it is only on terminals that consume MPEG-4 content it is possible to 
implement MPEG-J on. The STBs commercially available today generally does not 
support MPEG-4 encoded material, but B2C2 is a manufacturer that has presented a 
STB called Homestreamer [141] that support MPEG-4 encoded audio and video 
material. 

An EU funded project, System for Advanced Multimedia Broadcast and IT 
Services (SAMBITS), has presented the structure of a consumer terminal for 
combined multimedia broadcasting and Internet connectivity [142]. The presented 
terminal will support MPEG-4 encoded content that is included in a MPEG-2 TS as a 
separate ES. It is based upon a STB from Fujitsu-Siemens and will contain MHP 
interactivity profile as the middleware software layer. The members of the SAMBITS 
project expect that additional MPEG-4 encoded video clips, potentially linked in 
time to the main TV program, can be used to enhance broadcasted TV-programs. 
STBs that do not support decoding of MPEG-4 encoded material will skip those parts 
in the MPEG-2 TS and decode only MPEG-2 encoded TV programs. This makes the TS 
carrying the MPEG-4 data backward compatible. 

Set-top boxes similar to the presented boxes are possible MPEG-J terminals, most 
likely supporting applications created for the MPEG-J Main profile. By applying the 
scalability made possible through MPEG-J and MPEG-4, the terminal will have a 
better influence on the final presentation of the received multimedia content. It is 
also stated by the developers that a future SAMBITS box will include capabilities to 
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decode MPEG-7 descriptions included in an MPEG-2 TS [142], which could open up 
more opportunities to scale the received multimedia content. 

8.4 Discussion 
MPEG-4s definition and encoding of separate objects in video sequence creates new 
opportunities for scalability of encoded content. MPEG-4 does include technologies 
where the recomposing of objects can be guided by the available resources of a 
terminal.  The drawback of this scalability is that it will require the addition of an 
MPEG-J application created to control the recomposing of the transmitted MPEG-4 
material, and additional MPEG-J support at receiving terminals. At the time of 
writing this thesis, MPEG-J is not a well-known part of the MPEG-4 standard. 
Whether it will gain a widespread acceptance will depend on the amount of 
exposure it is given. Sun, who developed MPEG-J, is the strongest promoter, but 
they are not marketing MPEG-J as much as it probably has to be if it shall be 
implemented more.  

Since MPEG-4 is not yet as widespread as other audio and video codecs, there is 
not as much MPEG-4 encoded content available. But with ISMA and it participating 
members working for an acceptance of MPEG-4 as the standard for streaming of 
audio and video content over IP, MPEG-4 may have a promising future in that usage 
area. When more MPEG-4 material is available, developers may see the advantages 
of reaching more consumers over additional terminals with their material. MPEG-J 
could then be a potential scalability solution, involving the receiving terminals in 
the scalability process and allowing the developers to control the final 
presentations. The two MPEG-J profiles defined for terminals with different 
resources, shows that a reception of MPEG-4 content on less powerful terminals 
have been the intention when developing MPEG-J. 

Incorporating MPEG-Js Main profile in MPEG-4 enabled STBs could be one 
solution for support of an adaptive display of video based on the availability in 
terminal resources. But since it requires that the received audio and video material 
is MPEG-4 encoded it is a complicated scenario to realise scalability of digital TV and 
radio reception with. Changing the encoding technique in digital broadcasting 
from MPEG-2 to MPEG-4 is not likely, since it would require a complete change from 
the standardised broadcasting technologies for digital TV that are used all over the 
world. The cost and complexity of the transition would be to great to be considered 
a likely alternative for digital TV broadcasting in a near future.  It is more realistic 
that MPEG-4 encoded material can be used in addition to the ordinary MPEG-2 
encoded programs, as expected by SAMBITS. The encoding technology in DVB and 
DAB might in the future be modernised, possibly with MPEG-4 coding. The fact that 
a MPEG-2 TS carrying additional MPEG-4 is backwards compatible, non MPEG-4 
enabled terminals simply ignoring any parts of a TS containing MPEG-4 data, makes 
it easier to add MPEG-4 content.  

The addition of or transition to MPEG-4 encoded video might be transparent to 
viewers of digital TV if the decoding could be software based, as it is in 
PacketVideo’s MPEG-4 streaming solution, and installed on existing digital TV 
receivers.  A trend that may supports a realisation of scalable MPEG-4 content via 
MPEG-J to mobile terminals is the availability of Java platforms for small mobile 
terminals.  Deciding to add the necessary MPEG-J support may be easier if mobile 
terminals have adopted a Java platform. 
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Chapter 9 

Quality Control   
9.1 Introduction 
This chapter aims to present the importance of quality control by introducing some 
issues that may affect the way receiving terminals manage scalable applications. 
The importance of future work within this area will also be presented since quality 
control is an area that requires in-depth studies before a decision on the best 
scalability technology can be taken. The many aspects of quality control are an 
important part of the creation and handling of any application and when 
discussing scalable applications additional issues affecting the final quality should 
to be considered. 

9.2 Quality of Service 
Without a guarantee of the perceived quality of an application it is difficult to say 
that the scalability is functioning the way it is meant to do and that the original 
message is not distorted in the scaling process. Pricing the application and its 
distribution will rely on an assurance of the received quality. If an application must 
be scaled at a terminal to a degree where the original content is highly distorted or 
many objects or functions cannot be displayed, then consumers may not find the 
service worth paying for.  To know what the results of the scalability can be will be 
important to try and avoid unsatisfied end-consumers. In short, the scalability of 
an application must be reliable if it shall ever be implemented to any extent.  

 To guarantee the end quality of an application is increasingly difficult when a 
scalable application shall be receivable by a large group of different terminals. 
Even when scalable applications are transferred over DAB and DVB-T, where the 
transfer capacity can be guaranteed, the composition of applications due to the 
resources of the receiver will determine the quality.  

How, if at all, different scalability technologies can support quality guarantees, 
should be considered. The Java library, MPEG-J, discussed in chapter 0, offers a way 
for developers of MPEG-4 encoded services to define rules that control the quality of 
the final presentation of an application depending upon a terminal’s available 
resources. Using Media Transcoding Hints, available in the metadata standard 
MPEG-7 discussed in chapter 6, might be another way to achieve a scalable 
application with a kind of quality guarantee of how it is presented at different 
receivers. 

p.68  
 



If multiple services are to be used simultaneously on a receiver there is a conflict 
on how the resources of the terminal, for example processor capacity, can be 
divided among the executed applications. For example a user could be watching a 
broadcasting of a TV program, maybe a soccer game, and at the same time have a 
videoconference with his friends over the same terminal, to be able to discuss the 
ongoing game. This should be considered as a quality issue for scalable 
applications since they may fluctuate in perceived quality due to recurring changes 
in the available resources.  

9.3 Intellectual Property Rights (IPR) 
Since it has become possible to store audio and video digitally, which have 
facilitated the distribution of music and video, Intellectual Property Rights (IPR) is a 
topic under serious consideration. IPR defines who posses the rights to for example 
a movie or a book, and it regulates how content can be distributed and consumed. 
The closing of the free MP3 file-sharing system Napster, is a result of a verdict from 
a legal action by record companies including Sony and Universal. Napster was 
accused of violations of copyright laws, and is now, as a result of the verdict, 
planning to introduce a membership fee to be able to guarantee payments to artists 
[143]. The concern now is that illegal digital distribution of videos, movies and 
books will become as widespread as Napster made music.  Free software is 
available to rip DVDs and transcode them into MPEG-4 format that can then be 
digitally distributed [144].  

The record and movie industries are pushing hard for firmer management of 
IPR and they are active participants in ongoing standardisation efforts, for example 
in the work with MPEG-21 [116]. Intellectual Property Management and Protection 
Tools (IPMP) is one of the key elements in MPEG-21 and it will introduce a 
framework for how extensions to handle IPR can be added to the existing MPEG 
standards. The framework shall allow content owners to control which of their 
assets are available when, where and under what conditions.  This is especially 
important to considered when managing scalable applications that shall be 
consumed on different terminals. The option to prevent for example a movie to be 
consumed on a terminal, where quality of the presentation would not be 
acceptable, shall be available for IPR owners. 

Balancing the need of IPR owners to the privacy of end-consumers will be 
important to consider. It cannot be forgotten in a debate mainly controlled by 
strong record labels and movie distributors. What should be registered and passed 
on to the owners of the IPR, about the way we consume applications and services to 
insure that their material is consumed according to the defined IPR.  

MPEG-21 states that audio/visual content protected by different IPMP vendors 
shall function on any given terminal, which will be important to ensure that IPR 
will be considered when deciding how a scalable applications should be displayed 
at all possible receiving terminals [116]. Displaying a video or TV show with for 
example Britney Spears at receiving terminals without an application created to 
advertise her official sponsor Pepsi Cola may be prevented if all terminals can 
interpret the IPR defining the rules of the TV show. 
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9.4 Security 
How shall an accepted level of security of scalable applications be achieved? 
Different Conditional Access (CA) systems must be supported and applications 
needing electronically payment methods must be able to rely on the security from 
even the simplest receivers. Scalability cannot be allowed to degrade the level of 
security that is necessary for applications to offer electronic payments conducted 
from all receivers, including low-end terminals.  

The decision taken by Nordig [77] that MHP will be the standard platform for 
DVB receivers sold in the Nordic countries, will mean that MHP will affect receivers 
capacity to maintain a secure handling of services and applications.  The MHP 
standard document [76] includes a framework for management of certification and 
authentication of applications and services, which requires an application or 
service to be authenticated before it can obtain access to receiving terminals system 
resources. How MHPs different security measurements will be realised and how 
well it manages scalable applications, can be worthwhile to study in the next few 
years when MHP most likely will be implemented in consumer products. 
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Chapter 10 

Conclusions 
There are no obvious solutions to perform the scalability of applications at 
terminals. The scalability examined in this thesis is still in an early phase in the 
development.  
Convergence may present a range of new receivers, with even more diverse 
properties. The growing differences might increase the need for scaling.  
Meanwhile the availability of fibre/broadband networks in data communications 
is increasing. That could result in transmission of different versions of an 
application instead of using a scalable application to suit all receivers. But with 
telecommunication and broadcast networks, the possible transmission capacity 
will always be limited by available frequencies. Therefore scalability will remain 
an interesting option.   

10.1 Terminals 
The growing amount of receiver models might increase the need for scaling, but it 
also makes it more complex because there are more alterations that need to be 
done. Today many of these terminals might be too small to constitute interesting 
receivers of DAB and DVB-T, but within a few years, mobile terminals will probably 
have more capacity. This could lead to an increased interest in scalability at 
receiving terminals, especially from broadcasters and content developers. If it was 
not necessary to scale applications as much as it is required today to reach mobile 
terminals, applications could maintain more of the intended functions, thereby 
making the mobile terminals more attractive receivers for content developers. With 
many different targeted receivers, the financial gain of using applications that are 
scaled at the terminal might be emphasised. Development costs for versions 
optimised for different terminals are avoided, and the need for broadcasting 
transmission capacity is reduced. A market analysis determining whether there is 
an interest from content providers to support less powerful terminals via 
broadcasting networks, and whether scalable applications will generate any profit 
for Teracom, has not been performed. 

10.2 Platforms 
The platform in a terminal also influences scalable applications. It must include 
support for the format of an application. Otherwise it cannot run on the terminal, 
whether scalable or not. To guarantee support, standards are used. There is a trend 
towards implementing and developing standards, especially Java or Java-based 
platforms. The emerging standard platforms for DAB and DVB-T, MHP, MCP and TF-
VM DABJava, are Java-based. The MPEG-J in the MPEG-4 standard is also Java-based. 
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Platform independence of the application is a prerequisite for scalable applications. 
There are mainly two ways to create a platform independent application, either it 
is developed in Java, or in HTML. If the applications are executed on the terminal, 
the platform must support a programming language that is platform independent, 
for example Java. The platform independency of Java is reduced in the platforms, 
since they include specific APIs. If a browser or a client application interprets the 
application, it does not matter if the terminal has a platform with an interoperable 
programming language. This is the case for metadata and IP streaming. 

The main priority when developing a platform is not to get an increased 
number of applications, it is to achieve stable platforms at a reasonable price. The 
main threats towards standards are that they might become too complex. That 
makes it difficult to develop applications, and test suites are required. It is also 
possible that additional applications are not requested, and basic receivers will be 
offered.  

10.3 Possible Scalability Methods  
The solutions in this thesis may offer support for scalable applications. Whether 
they will be implemented or not remains to be seen. To achieve a scalable 
application that will be broadcasted, support throughout the supply chain is 
required. Application developers need to be aware of how they can create 
applications that will reach many different terminals, and receiver manufacturers 
must include the necessary support in the terminals to manage scalable 
applications. 

It might be possible to create a scalable application with the help of the profiles 
in a middleware or a group of APIs. But the use of middleware and APIs limit the 
interoperability of the application to the terminals using the same middleware or 
APIs. Despite being limited, this type of scalable application can be very useful, 
since terminals using the same middleware vary greatly in capabilities. Terminals 
with the platform MHP, DAB Java and MCP, will probably be the most important for 
Teracom, since they are developed for reception of DVB-T or DAB, which is not the 
case for the other platforms. It is therefore important to explore these terminals’ 
possibilities to scale applications, for example by performing tests to see if the 
profiles in MHP can be used to achieve scalable applications. DVB will begin to 
examine the possibilities of implementing scalability in MHP.   

A transmitting server that requires a continuous two-way communication with 
the receiving terminal to enable any scalability controls the dominating scalability 
solution in IP streaming, adaptable bit-rate transfer. The actual scalability at the 
receiving terminals is very limited. Scalability in IP streaming can therefore only be 
implemented in broadcasting if there is a return channel available from all 
receivers, which can be used to inform the transmitter of the receiver’s capacities.  

An introduction of MPEG-4 encoded content in IP streaming could challenge the 
need for adaptive bit-rate transfer by realising scalability of streamed MPEG-4 
content at the receiver, depending on available resources. To achieve that, the use 
of the MPEG-J library in the MPEG-4 standard is necessary.  Specific MPEG-J APIs and 
a Java VM have to be installed in receiving terminals.  They interpret a specific Java 
application that is created for a certain MPEG-4 application to define how the 
presentation can be scaled. MPEG-J is an unknown scalability support compared to 
the other presented solutions and it is limited to scaling only MPEG-4 content.  

A limitation to support scalability of a specific content format does not exist for 
MPEG-7. Descriptions can be created independently of the type of data it describes. 
MPEG-7 may become well known as a result of a potential introduction in digital TV 
broadcasting to enable personalised TV viewing. That may result in an increased 
interest from broadcasters in how it could support scalability. The fact that the 
scalability support in MPEG-7 could be interesting for many different companies 
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and organisations, not only broadcasters, give it potentially strong developments 
support. At the time of writing this thesis it has only been implemented in two-
way scenarios, where a server manages the scalability. It is possible that a future 
development of MPEG-7 applications will include scalability support implemented 
at receiving terminals. 
MPEG-J 's support for scalability is unknown, very few tests have been conducted 
on its performance to confirm what it could mean for scalability. The scalability 
solution presented in IP streaming is the only solution studied in this thesis, which 
is available on the market today, even if it is not optimised for broadcasting. MPEG-
7 as well as MPEG-J to scale MPEG-4 content are not implemented in any complete 
scalability solutions that can be adapted today. 

10.4 Interest for Scalability 
Much attention is directed towards convergence and interoperable applications, 
but less on scalable applications, especially scalability performed by the receiving 
terminals. An explanation for the status of scalability could be that it is mostly 
telecommunications and data communication companies that are involved in the 
development of the technologies influencing scalability of applications. Mobile 
Internet is the application area for which most scalability solutions are developed. 
Examples of companies and organisations that are involved in the development 
are IBM, W3C, Sun, Microsoft, and Philips for data communications, and Telecom 
Italia, and Ericsson for Telecom. 

Since telecommunication networks are unicast and have less bandwidth than 
DVB-T and DAB, the operators of these networks do not benefit directly from 
scalability performed by the terminals. In such networks it is often better to 
transmit an application that has been scaled prior to the transmission. By doing so, 
end-consumers can view an optimised version of an application, without paying 
for a large application that is scaled when it is received. In data communications it 
is primarily in multicasting scenarios, where a group of receivers are addressed in 
a single transmission, that scalability performed at receivers is of interest. 
Therefore, it is primarily in broadcasting that scalability performed at receiving 
terminals is attractive.  

To increase the interest in scalability performed at receiving terminals, 
broadcasters should become more involved in the development of scalability. Few 
activities, encouraging the development of scalable solutions, are promoted by 
broadcasting network operators. A reason for this can be that digital broadcasting 
is still in an introductory phase, with the focus on increasing the market acceptance 
of digital TV. Another reason can be that the capacity of mobile terminals has 
restricted the development of the scalability solutions performed at the receiving 
terminals, which is the scalability form that is of most interest to broadcasters. The 
terminal must have enough capacity to perform the scalability, and the 
applications’ main functions must be maintained for example a movie must still be 
viewable, and an e-business solution must still be stabile, secure and functional. 
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10.5 Recommendations for Teracom 
This thesis serves as an introduction to the current situation for scalability. The 
main conclusion is that it is still too early to make any major decisions concerning 
scalability, due to lack of activities and experience in this area. Teracom could 
pursue the following recommendations: 

• A market analysis should be conducted in order to determine whether 
there is an interest from content providers to support less powerful 
terminals via broadcasting networks and whether scalable applications 
will generate any profit for Teracom. 

• Since the development of scalability is only in an introductory phase, no 
actions towards implementing scalability should be taken at this stage, in 
order to keep the freedom of actions. 

• Study whether MPEG-4 encoded content would be meaningful to introduce 
in digital TV broadcasting. 

• Follow the development of MPEG-7 and MPEG-J in the MPEG-4 standard. 
• Join development groups, for example MPEG-7 and MPEG-4 industry 

forums, thereby promoting broadcasters’ need for scalability, if Teracom 
wishes to actively support the development of scalability performed at 
receiving terminals. By involving broadcasting organisations like DVB in 
the development, a greater influence on the groups could be obtained. 

• It should be tested whether the layers in MHP could support creation of 
scalable applications. 

• Follow DVB’s development of scaling of MHP applications for mobile 
services.  
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Abbreviations  
AE  Application Environment 
API  Application Programming Interface 
ATSC  Advanced Television Systems Committee   
CA  Conditional Access 
CDC  Connected Device Configuration 
CLDC  Connected Limited Device Configuration 
CPU  Central Processing Unit 
D  Descriptor (MPEG-7) 
DAB  Digital Audio Broadcasting 
DIFFserv  DIFFerentiated Service 
DS  Description Scheme (MPEG-7) 
DVB  Digital Video Broadcasting 
DVB-C  DVB Cable 
DVB-J  DVB Java 
DVB-RCS  DVB Return Channel Satellite 
DVB-RCT  DVB Return Channel Terrestrial 
DVB-S   DVB Satellite 
DVB-T  DVB Terrestrial 
DVD   Digital Versatile Disk 
EBU  European Broadcasting Union 
EC  European Commission 
EPG  Electronic Programming Guide 
ETSI  European Telecommunications Standard Institute 
EU  European Union 
GB  Giga Bytes 
GPRS  General Packet Radio Service 
GSM  Global System for Mobile Communications 
GUI  Graphical User Interface 
HDTV  High Definition TeleVision 
HMI  Human Machine Interface 
HTML  HyperText Mark-up Language 
IBOC  In-Band On-Channel 
IDTV  Integrated Digital TeleVision 
IP  Internet Protocol 
IPR  Intellectual Property Rights 
ISDB-T  Integrated Services Digital Broadcasting - Terrestrial 
ISMA  Internet streaming Media Alliance 
ISP  Internet Service Provider 
IT  Information Technology 
J2EE  Java 2 Enterprise Edition 
J2ME  Java 2 Micro Edition 
J2SE  Java 2 Standard Edition 
kbps  kilo bits per second 
MB  Mega Bytes 
MCP  Multimedia Car Platform 
MEMO  Multimedia Environment for MObiles 
MHEG-5   Multimedia and Hypermedia information coding Expert Group 
MHP  Multimedia Home Platform 
MIDP  Mobile Information Device Profile 
MIT  Massachusetts Institute of Technology 
MP3  MPEG-1 Audio layer 3 
MPEG Motion Pictures Expert Group  
MPEG-1  ISO/IEC 11172 
MPEG-21 
  

Name of a future multimedia framework standard under 
development by MPEG 

MPEG-4  ISO/IEC 14496  
MPEG-7  ISO/IEC 15938 
MPEG-J  MPEG Java 
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NPJP  Network enabled Personal Java Profile 
NTSC  National Television Systems Committee 
OCAP  OpenCable Application Platform 
OS  Operating System 
PAL  Phase Alternate Line 
PDA  Personal Digital Assistant 
PDR  Personal Digital Recorder 
PVR  Personal Video Recorder 
QCIF  Standard resolution, 176*144 pixels 
QoS  Quality of Service 
RAM  Random Access Memory  
ROM  Read Only Memory 
RSVP  Resource Reservation Protocol 
SABINA  System for Asymmetric Broadband INternet Access 
SAMBITS  System for Advanced Multimedia Broadcast and IT Services 
SECAM   Sequentiel Coleur A Memoire 
SFN  Single Frequency Network 
SMS  Short Message System 
SPJP  Standard Personal Java Profile 
STB  Set-top Box 
SVT  Scalable Vector Technology 
TS  Transport Stream 
TV  TeleVision 
UHF  Ultra High Frequencies 
UI  User Interface 
UMTS  Universal Mobile Telecommunications System 
USB  Universal Serial Bus 
VHF  Very High Frequencies 
VM  Virtual Machine 
W3C  World Wide Web consortium 
WAP   Wireless Application Protocol 
WLAN  Wireless Local Area Network 
XML  eXtended Markup Languge 
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