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1 Motivation 
When looking at the evolution of the computer over the last decade, they are becoming 

faster and smaller by the years and communication is becoming faster and faster. 

Desktop applications are moving toward the Internet as services.  This evolution helps 

the mobile device to become more and more popular as the computing power increases 

and mobile communication gets faster. 

…such a phone would be much easier to carry than a laptop, 

it would be easier to store, and it would be much more 

convenient to use for audio/video services like music, 

telephony and simple video. [1, p. 1] 

 

Because applications are moving toward the Internet they can be accessed from 

anywhere using a mobile device. Mobile services have become one of the most popular 

services during the last few years. They allow streaming of multimedia content such as 

music and video, which can be accessed directly from the mobile devices. An example of 

such services is Joost
1
, they made recently its services available for iPhone and iPod 

Touch – and many more is following. 

However, mobile devices do not have the capability to offer great user experience for 

listening and viewing multimedia content. Even though they can play audio and video, it 

can only be second best compared to media centres. Mobile devices can be seen as the 

only alternative for supporting multimedia content when you are away from home and 

on the move.  

Further, if you start playing multimedia content at home and later want to leave, you 

would like to be able to continue playing the multimedia content you have started. This 

implies that the mobile device should take control of the multimedia content and make 

it available on the mobile device when leaving home. Also when you approach your 

home, if you have any multimedia content playing on your mobile device, this should be 

made available for the home entertainment centre when entering home.  

The purpose of this document is to illustrate how the mobile device can discover and 

interact with others such as Internet services and a media centre in a seamless way, 

supporting the experiences with multimedia. 

  

                                                           
11

  Joost is a Vodcast service (www.joost.com)  
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2 Problem statement 
The evolution challenges the daily work of software engineering. The requirements for 

the architectures are changing due to the trends of becoming mobile.  Heterogeneous 

devices, limited resources and unreliable communication are issues that should be 

addressed when designing mobile / pervasive applications. Research groups have been 

able to construct different kind of prototypes that is meant to eliminate these issues and 

address the new (both existing and upcoming) requirements. The architectures of these 

prototypes have been outlined in articles.  

This thesis will try to find an architecture that suits the needs for a system that allows 

transparency of media services. By the use of this architecture and the implemented 

mobile services, it should (hopefully) be possible to establish a seamless integration 

between devices, which will allow the end-user to move the multimedia content or 

multimedia services which they are listening to seamlessly among devices.   

To construct a mobile service that will adapt to these requirements and challenges, it 

will include the technical prototypes that cover the following subjects. 

• How to access a web services from a mobile device from one or several desired 

protocols. 

• How to register the mobile device on a media centre by the use of UPnP and how it 

is possible to transfer multimedia context, when two devices are connected. 

• How the mobile device discovers when it is approaching the home location and be 

able to connect to the media centre and discover when it is leaving the home 

location to continuously playing multimedia content. 

2.1 Delimitation 

In this thesis it is not possible to perform a full implementation of the system due to 

limited resources, but it will outline an analysis of the architecture and an architectural 

description of the entire system together with prototypes that discover the UPnP 

devices in the context of the chosen architecture. 
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3 Background 
This chapter starts by given a short description of the evolution of computing in general. 

Then it follows the description of three subjects explaining how a mobile device may be 

used in regard to render multimedia content. The subjects can be used individually or 

mixed, depending of usage and finally some architectural approaches for specifically 

UPnP are outlined. 

3.1 History 

During the past decades starting in the 1950’s to present a major evolution inside the 

computing industry has dominated today’s personal computing devices. A central 

computer where terminals are connected to is replaced by smaller home computers, 

which today are now more and more replaced by mobile and seamless devices. People 

want access to their data (such as calendar, e-mail, contacts etc.) wherever they are. In 

[1] that is what Barton, et al. States about the future evolution / trends. 

 

Figure 1: Timeline which outlines the evolution 

Thanks to the evolution of technology, the computer is not only becoming smaller and 

with more computing power, they are also mobile (e.g. laptops, phones) and on the 

edge to replace the traditional desktop computers [1
2
, 2].  

The infrastructure, that connects computers, has become global (i.e. the Internet and 

cellular network etc.) and faster. Information and (complex) services are accessible 

everywhere. This means that the mobile device is becoming both a data store and a 

service consumer. It carries around (personal) data like documents and spread sheets. It 

further connects to / uses services on locations.  

3.2 Accessing web services on mobile phones 

In the last decade web services have become very popular ranging from services
3
 

dealing with almost any kind of information such as 

• maps  

• audio / video  

• pictures  

• collaboration- and socialization
4
  

                                                           
2
 [1, p. 5] does not directly state that mobile phones should replace desktop computers, but 

”Phones should not be PCs, but they can be very useful mobile computing devices that offer 

some of the functions of today’s PCs.” 
3
 Examples of these services are GoogleMap (map), Rhapsody (audio), NetFlix (video), Flickr 

(picture). 
4
 Twitter (http://twitter.com/) is a web service where people can communicate and stay 

connected through the exchange of short messages.  
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Since they are living on the Internet, they can be accessed from anywhere at any time, 

which has traditionally being done using a desktop computer. 

Because the computing power and network bandwidth is increasing, web services on 

mobile phones has become an interesting cocktail, which makes it possible to access 

data and services when you need it. This provides the opportunities to use web services 

in new ways, instead of using them on desktop computers or laptops for that matter. 

For example you can listen to music or watch video when you like, show pictures of your 

last holyday to friends at parties or socialize with friends when you are on a break. 

However, before web services on mobile phones can provide the user with great 

experiences, it is first necessary to overcome the challenges / issues, which are outlined 

in the non-exhaustive list below. 

Issue Description 

1 CPU speed Even though speed is increasing, mobile phones is still way behind 

desktop computers, which can have some constrains to audio and 

video rendering and also the number of ongoing activities started. 

2 Storage Compared to desktop computers, the size of storage on mobile 

phones is not large
5
, nor is it fast either. This means that dumping 

large databases on mobile phones for fast searching or buffering to 

much data when streaming audio or video content, is not an option. 

3 Battery The only way a mobile phone can communicate with the 

surrounding environment is using wireless communication, unless it 

is attached to a computer. Wireless communication uses much 

battery [3, p. 26]. 

4 Wireless 

connection 

The reliability of wireless connection on mobile phones is not stable, 

which may require some web services to persist data on the mobile 

phone temporary, especially when streaming audio or video content. 

5 Size of device and 

display 

Entering characters on a mobile phone is nothing like a keyboard on 

a desktop computer. The GUI has to handle input by using graphical 

components, which due to the size of the display; the layout and 

grouping of these component into windows, is not easy. 

6 Cost of wireless 

data transfer 

The cost of data transfer in some countries is calculated by the 

amount of traffic being transferred. A consequence of this is 

unfortunately that listening to music the whole day can be quite 

expensive. A way to reduce this cost is to make cost free hot spots 

available. 

7 Hardware platform 

and Operating 

System 

Mobile phones come in a wide verity of different hardware 

platforms, which support different sensors and communication 

protocols. This means that the OS
6
 on top of the hardware also has 

to provide different features, which makes it difficult to build a single 

application that can be used on many mobile phones without making 

small adjustments – even though the application is executed on 

mobile phones from the same vendor. 

Table 1: General issues / challenges 

                                                           
5
 The storage size of new mobile phones (anno 2008 - 2009) ranges between 2 - 4 GB and 16-32 

GB. 
6
 OS stands for Operating System 
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Despite the challenges, web services on mobile phones is expected to increase over the 

next few years as “39 percent of respondents said they expect to increase Internet use 

on their mobile device by at least 40 percent” [2]. 

3.3 Architectural approaches using UPnP 

Streaming multimedia content is a very challenging issue itself especially when doing 

this on mobile devices, which often deals with unreliable communication channels. 

When building architectures for mobile devices the challenges listed in section 3.2 have 

to be addressed.  

Due to the heterogeneous devices it can be difficult to achieve a seamless integration 

among the connections. According to Wikipedia
7
 a set of computer protocols, called 

“Universal Plug and Play”, has been promulgated.    

Universal Plug and Play (UPnP) is a set of computer protocols 

promulgated by the UPnP Forum. The goals of UPnP are to allow 

devices to connect seamlessly and to simplify the implementation of 

networks in the home (data sharing, communications, and 

entertainment) and in corporate environments for simplified 

installation of computer components.  Quote from Wikipedia. 

 

Today several research projects have been experimenting with UPnP and they have all 

ended up with some kind of an architecture that addresses their own specific design 

goals.  

Dealing with UPnP does often deal with a two-part communication or a peer-to-peer 

communication. In other words we are dealing with a target (a renderer) and a source (a 

server). This would spontaneous lead to a very simple architecture that only holds a 

renderer with a terminal layer to handle a variety of connections, but it would be 

difficult to synchronize the media content between two devices with such architecture. 

  

                                                           
7
 Wikipedia article http://en.wikipedia.org/wiki/UPNP (Jan 25

th
 2009) 
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3.3.1 Device discovery  

Before synchronization can be performed it is first necessary to discover the devices that 

contain the data to be synchronized. Donghee Kim et al state in [5] an UPnP software 

bridge, which basically discovers the devices, controls them and manage their message 

events. Due to the basic functionalities stated in [5] the design goals can be deduced to 

the following, where the relation to the issues outlined in section 3.2 has been added. 

Design goal Issue 

1 In the discovery process the bridge has to advertise the device to the IP 

network for UPnP control points to find it when the IEEE1394 device 

connects to the computer. 

4 

2 The bridge must be able to convert SOAP messages from UPnP control points 

to IEEE 1394 AV Control messages. 

7 

3 The bridge must have the ability to receive subscribed messages and send 

events to control points. 

4 

4 The bridge must have a uniform method to convert a device into an UPnP 

device to cover all kinds of devices. 

7, (5) 

5 The bridge must concern issues in bandwidth differences. 4, 6 

Table 2: Design goals of the UPnP Bridge [5, p. 319 - 320]  

versus the general issues (see section 3.2) 

Donghee Kim et al state in [5] that their architecture contains nine components. Each of 

the components and their interconnectivity is outlined in the illustration above. The 

following describes primarily the components related to the device discovery. 

 

Figure 2: Architecture of the UPnP Bridge.  

Adapted from [5, p. 320]  
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• IEEE1394 Device Control Layer 

This layer is a low level driver, which is independent of the devices. It is basically 

a low-level interface to the AC/C specification from the 1394 Trade Association. 

It allows other modules to send raw 1394 messages through this layer. 

• UPnP API Layer 

This is an API for an UPnP stack. The bridge is using the Intel UPnP SDK, which 

includes the UPnP protocol stack and the XML DOM level 2 libraries. 

• UPnP Services 

The responsibility of the services is to provide an interface for the device 

controls and events. A device can have up to four services; Content Directory 

Service, Connection Manager Service, AV Transport Service and Rendering 

Control service.   

• Virtual Device Module 

It is acting as an abstract layer between the devices and the service modules. It 

is meant to provide a uniform interface for the real devices and the transparent 

for data format conversion.   

• Device Manager 

It processes the IEEE1394 bus event messages and manages the Device Module 

component. This module takes care of device registration, initialization and 

finalization when the devices connects and disconnects from the IEEE1394 bus. 

 

Figure 3: Message Flows for initialization of Device Module.  

Adapted from [5, p. 321] 

During the start up process of the bridge it scans for supported devices and stores that 

information to a table containing the registered devices. When a connected device is 

supported an instance of the device module is created and the information of that 

particular device is added to a table containing active devices. 
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After a newly attached device has been discovered the existence of it is known and a 

connection for synchronization can be made. When talking about the synchronization it 

is the Content Directory Service that is most relevant and is going to be synchronized. In 

the following section a model to synchronize those is outlined. 

Advantages Disadvantages 

It is able to access various devices due to the 

abstraction handled by the virtual device 

module. 

SOAP is an xml-based format, which increases 

the data traffic compared to a proprietary 

binary format. 

The bridge advertises automatically 

whenever a device connects. 

It is centred on the IEEE1394 devices, while it 

does not necessary address the proper 

requirements needed for this thesis.  

Table 3: Pros and cons for the UPnP Bridge 

3.3.2 Content Synchronization 

Wonseok Kwon states in [4] a synchronization model, which can be used to synchronize 

data between two devices. Currently the Content Directory Service standard supports 

uploading and downloading of its objects by searching and browsing, when transferring 

from one device to another.  

This is acceptable for an operation that has to be done once, but when the operation 

has to be repeated it will be much more convenient if a control point handles the 

relationship between the devices and automatically triggers uploading and 

downloading. According to this functionality a design goal can be deduced to the 

following. 

Design goal Issue 

1 Establish integration between the devices, which include a content 

synchronization. 

7 

Table 4: The design goals of the synchronization model  

versus the general issues (see section 3.2) 

In [4] Wonseok Kwon introduces three distinct components; a media server, a media 

renderer and a control point. The media server contains the content the user wants to 

render. The user is rendering the data using the renderer and the control point is to 

locate and select the content on the media server, which should be rendered.  

 

Figure 4: The Content Synchronization Model is illustrated here  

by a combined component diagram and package diagram. 
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The synchronization model has its own conceptual model. The model deals with the 

following types of objects as stated in [4]. 

Types of objects Description 

Synchronization Object It is a Content Directory Service object. 

Synchronization Pair It is a binding between the synchronization objects. 

Synchronization Pair Group It is the data structure that identifies a group of 

synchronization pairs where an identical synchronization 

policy will be applied. 

Synchronization Partnership It is the data structure that describes the synchronization 

operation between two specific Content Directory Service 

objects. 

Synchronization Relationship It is the data structure that describes the synchronization 

operation between two or more Content Directory Service 

objects. 

Table 5: Types of objects used for the conceptual model of synchronization 

The synchronization model itself introduces four different types of synchronization 

policies. These types are all described in [4] and it is also outlined in the table below. 

Policy Description 

Replace One of the synchronization partners becomes the source and the other becomes 

the sink. Contents of the sink objects are replaced by the one from the source.  

Merge Each synchronization partners will have a superset of synchronization objects 

from all the partners as a result of the synchronization.  

Blend Each synchronization partners will have a superset of synchronization objects 

from all the partners as a result of the synchronization.  

Tracking A synchronization operation is performed out of the content synchronization 

service. The only thing the device does is that it keeps a change log of 

synchronization objects. 

Table 6: Synchronization Policies [4] 

The above states four different types of synchronization of the Content Directory Service 

with respect to the underlying architecture, but when doing a synchronization it uses 

resources especially resources with relation to the bandwidth. Depending on what is 

being synchronized it can be very expensive and therefore it can be orthogonal with the 

sixth issue (see table 1, bullet 6).  

To achieve a relative cheap and efficient synchronization it is necessary to take a look at 

which data that should be synchronized when and with which priority. The main idea of 

doing this is to synchronize a minimum of data that is needed. 
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Advantages Disadvantages 

Synchronization is handled automatically 

and several kinds of synchronization are 

supported depending on the current 

implementation. 

It introduces a stand-alone relationship 

manager, which is a contradiction with a 

simple peer-to-peer concept because only 

two nodes are allowed in a peer-to-peer 

communication.
8
 

The Content Directory Service seems to 

be similar with the one described in the 

bridge, which hopefully means that 

synchronization can be conformed to the 

bridge as is. 

 

Table 7: Pros and cons for the synchronization model 

3.3.3 Quality of Service 

To address the cost of wireless data transfer it is important to prioritize the data that 

should be synchronized to disallow unnecessary data being transferred across the data 

connection.  

Design goal Issue 

1 Supporting priority-based quality of service 6 
 Table 8: Design goal versus the general issues (see section 3.2) 

Sung-Gi Choi et al outline in [6] a media distribution system that supports priority-based 

QoS
9
 in a converged home network. This will give the opportunity to prioritize the data 

depending on which kind of wireless connection that is used and lead to the design goal 

depicted above (see table 8).  

 

Figure 5: Traditional UPnP AV Architecture 

In a “normal” UPnP architecture a control point interfere directly with the server and 

the renderer. The control point connects a media server to the media renderer and do 

not interfere with the communication among those two afterwards. This means that a 

direct communication takes place between the server and the renderer when the 

communication has been established and the possibility of prioritizing does not (directly) 

exists. 

                                                           
8
 Information about peer-to-peer can accessed at http://en.wikipedia.org/wiki/Peer-to-peer 

9
 QoS stands for Quality of Service 
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Figure 6: UPnP QoS Architecture 

In the revised architecture, which supports QoS, two other components have been 

introduced; a QoS manager and a QoS Policy Holder.  The QoS manager is responsible 

for managing QoS services over a network, discovering and controlling device services 

and QoS policy holders. 

User-priority Acronym Traffic type 

1 BK Background 

2 - Spare 

0 BE Best Effort 

3 EE Excellent Effort 

4 CL Controlled Load 

5 VI Video 

6 VO Voice 

7 NC Network Control 

Table 9: Traffic type acronyms and prioritize 

A QoS policy holder stores user QoS policies. The policies can freely be created and 

modified by the users. A policy includes traffic importance numbers, user importance 

and an admission policy. 
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Figure 7: The media distribution system 

The QoS policies are defined by a component, called QoS Management GUI, at the 

renderer. Both the server and the renderer have a QoS Device Service just before the 

Media Server Module and the Media Renderer module. At the home gateway holds the 

following components; the QoS manager and the QoS policy holder.   

Advantages Disadvantages 

It manages the load through the 

communication channel to optimize the 

quality of server. 

It introduces a home gateway, which is a 

contradiction with a simple peer-to-peer 

concept because only two nodes are 

allowed in a peer-to-peer communication. 

 To maintain the data synchronization (i.e. 

by logs etc), it requires a more strict 

coupling. 
Table 10: Pros and cons for QoS approach 

3.4 Summary 

In the sections 3.1 – 3.2 it starts with a brief description of the evolution to clarify that 

the evolution goes in the direction of mobile devices with connect ability to everything 

everywhere. In correspondence to everything is going to be more and more mobile 

some of the opportunities with mobile devices are depicted such as map services, build-

in GPS functionality, audio / video and collaboration. The technical challenges with 

mobile phones are outlined respectively such as limited power consumption and 

heterogeneous devices. 
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In section 3.3.1 – 3.3.3, three kinds of approaches have been identified. Each of these 

approaches has its own individual qualities that together will help to contribute to a 

more suitable architecture that is best suited for the application stated in this thesis.  

 Quality 

Approach Discovering Uniform 

device 

interface 

Minimize 

traffic 

Migrate data across 

device boundaries 

UPnP Bridge X X   

UPnP Synchronization    X 

Priority-based UPnP system   X  

Table 11: Some (not all) of the qualities adapted from the three solutions.  

We do have an UPnP bridge which supports; discovering of devices and have a uniform 

interface against the devices, a synchronization model that can be used to transfer data 

between devices and finally a priority-based UPnP solution to minimize traffic and 

obtain a better quality of service.  

The opportunities, technical challenges and approaches outlined in this section might 

lead to design goals that try to make use of the opportunities in a way to overcome the 

technical challenges, if possible.  
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4 Design goals 
In the previous sections the basics about ubiquity computing and some architectural 

approaches have been depicted, especially the challenging issues due to the 

implementation on mobile devices. Some of these challenging issues have been 

addressed in the architectural approaches. When mixing some of the techniques from 

the architectural approaches, it might be possible to achieve a solution that addresses 

most of the issues that the approaches address in common.  

The challenging issues are rarely enough when defining software architectures. In the 

matter of facts many of them is just constraints to the software architectures that 

delimit the opportunities. Before defining the architecture it is important to identify the 

business drivers [7, p. 277], which also outlines the primary / core functionality of the 

application. These business drivers will in the following be described as design goals that 

will be deduced from the cover the core functionality. 

4.1 Automatically detection 

It should be possible to automatically detect whether the mobile device is located in the 

home zone
10

 or not. Whenever the mobile device moves into the home zone, it should 

discover the multimedia centre. This functionality conforms to the design goal depicted 

in section 3.3.1 item 1. 

 

Figure 8: Discovery process 

The application goes into the state “Discovery” when it starts. In this particular state, it 

looks for any devices in the neighbourhood to which it might be able to connect. When a 

device is found it enters the “Found” state and prompts to ask if it should connect to the 

device.  If a connection should be established it goes to the “Connected” state otherwise 

it goes to the “Discovery” state. Finally after disconnecting from the device it goes back 

into the “Discovery” state. 

  

                                                           
10

 A home zone is a zone that represents a region, typically a house, and an office, which is used 

as base station for the multimedia centres and covered by a wireless infrastructure. 
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4.2 Synchronizing multimedia context 

When playing music directly at the multimedia centre it should be possible to take the 

music that currently plays with you and play it at the mobile device while on the move. 

This functionality conforms to the design goal, depicted in section 3.3.2 that states it 

should be possible to automatically upload and download the data when doing the 

synchronization.  

On the other hand it should be possible to transfer the music back to the multimedia 

centre when it has been discovered by the mobile device. This will make it possible to 

play the music at the multimedia centre when the mobile device is back in the home 

zone. 

 

Figure 9: Synchronization process 

After a connection has been established, it should be possible to synchronize its context. 

This means that from the “Connected” state it prompts to ask if synchronization is 

desirable.  If the synchronization is terminated it goes back to the “Connected” state 

otherwise it is synchronizing the context, goes through the “Synchronized” state and 

finally ends in the “Connected” state.  

4.3 Arbitrary devices supporting UPnP 

It should be possible to use as many devices as possible to support the heterogeneous of 

devices. It conforms to the design goal in section 3.3.1 item 4. Not only should several of 

hardware devices be supported, but also several of OS platforms. Even that the most 

commonly operating system used is Symbian, it should be possible to use other devices 

with others operating systems installed such as Windows CE with respect to the various 

platforms among devices (see table 1, bullet 17). 
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4.4 Summary 

In section 4, the three primarily design goals have been depicted. The design goals 

within this section are centred on the UPnP perspectives as depicted in the problem 

statement (cf. section 2) and are outlined below. 

1. Automatically detection 

2. Synchronizing multimedia context 

3. Arbitrary devices supporting UPnP 

These design goals are taken into consideration, when designing the architecture in the 

following section.   
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5 Architectural description 
In the following section a description of the architecture, which forms the 

implementation will be depicted. The architecture will primarily be presented from 

three view points; module view, component & connector view and allocation view. 

Secondly, this section will outline how we have been trying to satisfy the design goals 

(cf. section 4) and solve the general technical challenges (cf. section 3, table 1). 

5.1 Architecture 

The architecture is similar to the one used for the UPnP software bridge described 

earlier (cf. section 3.3.1), but instead of bridge between the network and the IEEE 1394 

devices this architecture is bridging between a music internet service, a media centre and 

UPnP devices. This will allow a reasonable seamless integration between two devices in 

a way where it is possible to transfer music from one device to another. 

Mapping to the UPnP Software Bridge 

Components / classes UPnP Software Bridge components 

DeviceFinder Device Manager 

Device Module Device Module 

UPnPDevice UPnP Device / Device Adaptor 

UPnPService UPnP Services 

UPnPItem - 
Table 12: The table outlines the mapping between the UPnP Bridge and the implementation outlined in 

this thesis. 

To allow detection (cf. section 4.1) and synchronization of devices it is necessary to use 

some kind of communication. The choice of wired communication is very inflexible and 

is not suitable for mobile devices. Due to this most communication for mobile devices 

are wireless.  

All wireless communication is basically an unreliable communication form, and it is often 

a communication form, which does not allow high speed transfer rates. Communication 

from a mobile device takes often more power usages (see table 1, bullet 3) and it can be 

more expensive (see table 1, bullet 6). These issues taken into consideration, it leads to 

a very simple communication form between the device and the media server where only 

URLs are being transferred as context due to one of the design goals (cf. section 4.2). 

Designing the architecture also forced a major focus on separating the presentation 

layer from the logic layer. The reason for this is to make it easier to switch between 

different presentation layers because of heterogeneous devices due to another of the 

design goals (cf. section 4.3) and it further addresses the corresponding technical 

challenge (see table 1, bullet 5). To achieve this it has been necessary to introduce 

certain abstractions. These abstractions are acting as adapters [8, p. 139] to the UPnP 

API layer and it is implemented in the UPnPDevice and UPnPService classes. 
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5.1.1 Module view 

The top-level of the structure is based on a renderer. The renderer is an application 

made in a .NET language, which basically takes an URL and dispatch it to the Windows 

Media Player, which plays it.  

 

Figure 10: Module view of the architecture 

The concrete bridging and device handling are taken care of by the device manager and 

the device module. The device module holds interfaces for the concrete devices, 

services and value objects that are used. The communication between the device 

module and the device renderer is based on a loose coupling. This gives the opportunity 

to replace the device renderer if desirable due to one of the technical challenges (see 

table 1, bullet 5).  

5.1.1.1 Loose coupling 

The coupling between the two layers - device renderer and device module - is based on 

a facade [8, p. 185] that is made as a COM object. It might sound ridiculous to introduce 

a third component to take care of the communication, but it is not without reasons.  

• The two layers are realized with different technologies and that complicates the 

communication between them further. It is possible to call native libraries from 

.NET, but it is a very difficult and troublesome way. 

• The COM technology is an aged and well-known technology and it is supported 

my many technologies such as the .NET platform, scripting languages, and other 

languages introduced before the .NET platform. It gives therefore the freedom 

to choose the desired implementation language for the renderer. 

• The concepts of using a facade makes it simpler to communicate with the bridge 

itself because the renderer do not necessary have to know the underlying 

structure and with the correct design of the facade the calls from the renderer 

can be limited.  
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Using these reasons as an argument makes it less ridiculous to introduce a third 

component and when defining the responsibility for the component it becomes more 

meaningful. 

COM Facade 

Responsibility Collaboration 

• Provides homogenous interface to the 

renderer that does not need to know 

the underlying structure. 

• Acting as a relationship manager (cf. 

3.3.2) to provide an easy 

synchronization. 

• Acting as a QoS manager (cf. 3.3.3) to 

provide a better quality of service, but 

this requires a redesign of the device 

module. 

• Uses the device manager and the device 

module to propagate the UPnP services. 

Table 12a: A CRC card outlining the responsibility for the COM interface 

In the following the classes that are placed within the device module are described. The 

description is based on CRC cards, that both depict the responsibility and the 

collaboration of the classes. 

DeviceFinder 

Responsibility Collaboration 

• Looks for accessible UPnP devices on 

the network. 

• Holds a list of accessible UPnP devices. 

• Provide functionality that allows others 

to use the UPnP devices. 

• Uses the IUPnPDeviceFinder to find 

accessible devices. 

Table 13: A CRC card outlining the DeviceFinder class 

UPnPDevice 

Responsibility Collaboration 

• Provide basic functionality for a certain 

device such as its services. 

• Adapts to the IUPnPDevice interface due 

to the functionality it provides, which is a 

subset of the functionality of the 

IUPnPDevice. 

Table 14: A CRC card outlining the UPnPDevice class 

UPnPService 

Responsibility Collaboration 

• Provide basic functionality to search on 

a certain device.  

• Adapts to the IUPnPService interface due 

to the functionality it provides, which is a 

subset of the functionality of the 

IUPnPService. 

Table 15: A CRC card outlining the UPnPService class 
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UPnPItem 

Responsibility Collaboration 

• Data object / value object that holds the 

basic information that is needed doing 

the synchronization.  

Currently this relies only on the title of 

the song and the URI to the song, but 

others can be added. 

 

Table 16: A CRC card outlining the UPnPItem class 

A few classes have been used as samples to simulate i.e. graphical interfaces for unit 

testing and other purposes. These classes are outlined below, but because these classes 

are only used as samples it has been chosen not to use the CRC card perspective for 

those. 

Class Description 

UPnPFindDlg This class is a sample dialog used to test the functionality of the 

discover functionality. This is also the start up dialog while it occurs 

when starting the sample application.  

MediaServerDlg This class is a sample dialog used to test the functionality to search for 

items on a certain device while it occurs when a certain device is 

chosen. 

Table 17: Brief description of sample classes 

5.1.2 Component & connector view 

To get a view of the system at runtime, we also provide some sequence diagrams which 

resembles three basic scenarios of usages:  

1. Device discovery 

2. Controlling a media device 

3. Search content on the media device 

5.1.2.1 Device discovery 

During device discovery, the mobile phone sends out an SSDP:Request message with the 

value M-SEARCH, using HTTP protocol, on the UPnP network and each UPnP device 

receiving this message returns an XML document describing that device telling which 

services it provides. If the mobile device is playing any multimedia content, the device 

discovery routine should be activated, either manually or automatically, when the 

mobile phone is within range of the home zone, in order to locate the media device.  
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Figure 11: Sequence diagram outlining the discovery process. 

Discovery message send by control point to locate media servers on the UPnP network. 

M-SEARCH * HTTP/1.1 

Host:239.255.255.250:1900 

Man:"ssdp:discover" 

MX:3 

ST:urn:schemas-upnp-org:device:MediaServer:1 

 

Response sent by a media server 

HTTP/1.1 200 OK 
ST:urn:schemas-upnp-org:device:MediaServer:1 
USN:uuid:9e85a75b-fb5c-4282-ab84-f6ecdf875239::urn:schemas-upnp-org:device:MediaServer:1 
Location:http://192.168.1.37:2869/upnphost/udhisapi.dll?content=uuid:9e85a75b-fb5c-4282- 
 ab84-f6ecdf875239..OPT:"http://schemas.upnp.org/upnp/1/0/"; ns=01 
01-NLS:585601c32fff299cde165819a1db1b36 
Cache-Control:max-age=900. 
erver:Microsoft-Windows-NT/5.1 UPnP/1.0 UPnP-Device-Host/1.0 
Ext: 

 

5.1.2.2 Communicating with a media device 

The Location property identifies the URL where to get the description XML for this 

device. Obtaining the description of the device is done transparently using the UPnP 

implementation by Microsoft and is shown in Appendix A. An HTTP GET message as 

shown below is used: 

GET /DeviceDescription.xml HTTP/1.1 

User-Agent: Windows CE 5.1 UPnP control point 

Host: 192.168.1.37:2869 

 

After selecting one of the media servers found, the MediaServerDlg class is created 

which wraps the services provided by a media server. At the moment it is only possible 

to search the media server. This service is made available through the Content Directory 

service specified in the description XML provided during discovery.  
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Figure 12: Sequence diagram outlining the controlling process. 

5.1.2.3 Search content on the media device 

When the MediaServerDlg is running it is possible to search the media server using the 

Search action as described in the ContentDirectory.xml file obtained by the 

implementation of the IUPnPService interface provided by Microsoft UPnP. 

 

Figure 13: Sequence diagram outlining browse process. 

It is first calling InvokeAction on the IUPnPDevice (which is wrapped in the UPnPService 

class). The ContentDirectory.xml file is obtained to get the list of parameters used in the 

search action. This is also done transparently by the UPnP implementation of Microsoft, 

using the HTTP GET message below. 

GET /ContentDirectory.xml HTTP/1.1 

User-Agent: Windows CE 5.1 UPnP control point 

Host: 192.168.1.37:2869 
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The response XML is shown in Appendix B. However, the message that contains the 

search action parameters is sent as SOAP message to the media device using the HTTP 

POST command and it is outlined below. 

POST /ContentDirectory/Control HTTP/1.1 

SOAPACTION: "urn:schemas-upnp-org:service:ContentDirectory:1#BrowseSearch" 

Content-Type: text/xml; charset="utf-8" 

User-Agent: Windows CE 5.1 UPnP control point 

Host: 192.168.1.37:2864 

Content-Length: 454 

 

<s:Envelope xmlns:s="http://schemas.xmlsoap.org/soap/envelope/" 

s:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/"> 

  <s:Body> 

    <u:BrowseSearch xmlns:u="urn:schemas-upnp-org:service:ContentDirectory:1"> 

      <ObjectID>1234 0</ObjectID> 

      <BrowseSearchFlag>BrowseDirectChildren dc:creator=”depeche mode”</BrowseSearchFlag> 

      <Filter>*</Filter> 

      <StartingIndex>0</StartingIndex> 

      <RequestedCount>0</RequestedCount> 

      <SortCriteria></SortCriteria> 

    </u:BrowseSearch> 

  </s:Body> 

</s:Envelope> 

 

The response obtained is shown in Appendix C. 

5.1.3 Allocation view 

The system is deployed as shown below. The three components on the mobile phone, 

resembles the Device Renderer (Seeqpod Client.exe), COM Façade (COM Façade) and 

Device Module (UPnPFindDlg.exe) from the class diagram (see figure 10).  

The mobile phone communicates with the Windows Media Center by the UPnP session 

object, which is using UPnP SOAP protocol to obtain a connection and search the media 

center. When the desired song is selected, the URL for the song is collected from the 

media server and sent to the Seeqpod Client.exe by the use of the COM Façade 

component. The Seeqpod Client.exe then streams the song from the Seeqpod web 

server on the Internet. 

 

Figure 14: Deployment diagram 
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5.2 Middleware 

The design of a bridge or bridging framework is characterized by the introduction of 

several technologies that are mixed. The reason is of course that it bridges between 

these technologies. Before the design and implementation can start it is necessary to 

investigate which technologies that can be used to achieve the desired functionality. In 

this thesis the functionality required are depicted below.  

1. Playing a stream that is initiated by an URL. 

2. Discovering of UPnP devices.  

3. Communicate with UPnP devices using the standard UPnP SOAP messages. 

According to the first requirement, it has been chosen to use a third party media player 

that provides a programmatic interface from where a stream or file can be loaded and 

played and that particular media player is Windows Media Player
11

 provided by 

Microsoft. Even though Windows Media Player 11 exists for the Windows XP/Vista, only 

version 10 is available for mobile devices and is part of the Windows Mobile 5 and 6 

installation. 

For communication with and discovery of UPnP devices two approaches have been 

identified. An open source framework, called Platinum, and a library from Microsoft. 

5.2.1 Platinum UPnP Framework 

The Platinum framework is an open source and cross-platform C++ library used for 

discovering, controlling or implementing UPnP devices and it can be downloaded from 

sourceforge.net
12

.  

Advantages Disadvantages 

• It is cross-platform, which means it can 

be compiled for various platforms i.e. 

Windows and Unix. 

• It requires major implementations due to 

the contracts of the framework.  

• Doing the implementation it is possible 

to trace errors, complete take control 

and customize the entire application as 

needed. 

• It requires specific knowledge (domain 

knowledge) about how the framework is 

working. 

• The source code for the framework is 

available. 

• Lack of documentation. 

• Sample applications exist. • It does only include very few 

preconfigured build jobs – none for our 

mobile platforms. 

 • It is developed by few and non-

commercial individuals. 

Table 18: Pros and cons using the Platinum framework 

                                                           
11

 Accessible from http://www.microsoft.com/windows/windowsmedia/player/11/default.aspx 

and http://www.microsoft.com/windows/windowsmedia/player/10/default.aspx 
12

 Accessible from http://sourceforge.net/projects/platinum 
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5.2.2 Microsoft UPnP Library 

An UPnP library, provided by Microsoft and based on COM, contains a simple model that 

allows discovering of and communication with UPnP devices. Opposite the Platinum 

framework it is not platform independent due to the usage of COM technology, which 

relies purely on the Windows platform which is a contradiction to the design goal 

concerning support for arbitrary devices (cf. section 4.3), but it is chosen anyhow due to 

its simplicity. 

Advantages Disadvantages 

• It covers a simple object model. • It is not platform independent due to the 

usage of COM technology. 

• Documentation and some few examples 

exist even that it might be difficult to 

find. 

• Doing the implementation it is not 

possible to trace errors, complete take 

control and customize the entire 

application as needed. 

• It is easy to build and deploy. • Source code is not available. 

• A commercial provider is responsible for 

the library. 

• A server and a renderer cannot be active 

at the same time on the same device. This 

means that a device cannot suddenly be 

acting as a server when it previously was a 

renderer and opposite. 

Table 19: Pros and cons of the Microsoft UPnP library 

5.3 Summary 

In section 5 the architecture for the prototype has been outlined from three view points. 

This gives a reasonable picture of the architecture, which is used for the 

implementation. Additionally the key classes in the implementation have been depicted 

with traditionally CRC cards. 

The architecture has a low coupling between the renderer and the server. This makes it 

possible to easily replace a renderer with another if desirable and different kinds of 

middle have been proven. The prototypes end up by using a Microsoft UPnP library, 

which was the simplest to use. 

A running demonstration of the prototypes that uses the architecture depicted in this 

section / section 5 can be found in the following section as screen prints / photos. 
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6 Application walkthrough 
Due to the problem statement this thesis is only going to construct some prototypes to 

discover aspects about UPnP. These prototypes can be further developed at later stages, 

but it also means that it can be difficult to see how a final application is going to work. 

To emphasise that the following state chart diagram outlines how the final application 

might work. 

 

Figure 15: Illustrates how the final application might work 

In the diagram two types of notation are used. One of the types is illustrated with dotted 

lines. Types with dotted lines illustrate what it is not visible to the end-user. The other 

with ordinary lines is normal activities that are visible to the end-user. 

The end-user starts the application as illustrated by the starting action. When the 

application is started, it starts looking for any UPnP devices by the discover_dev action, 

if it finds any devices it starts the action list_devices, which makes a list of the devices 

visible to the end-user from where the desired device, to which the synchronization is 

wanted, can be chosen. An automatically search through the device for the actual 

playing song is performed by the action looks_for_playing_song and if it finds it, the 

Windows Media Player is launched by the starts_wmp action. Finally when media player 

is started the application exits, while Windows Media Player keeps playing. 
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A more proactive way of doing this is to minimize the user actions further. It can be 

done with the possibility to mark a device as a preferred device. This will force the 

application to automatically choose the device that is preferred. Secondly, the 

application can be made as an application which runs in the background, but it is not 

always desirable because of the following reasons. 

• Multi-threading on the mobile platform is vague supported. 

• Power consumption increases. 

• Depending on where the mobile is located, the communication used for 

discovery might be expensive. 

6.1 Demonstration of the prototype 

In the following screen prints that illustrate the functionality of the prototype will be 

shown.  It has not been possible to use the emulator, because of the connect ability 

issues related to the UPnP functionality. Photos of the devices will instead be used to 

illustrate the same. Starting from the top-left corner, the photo sequence goes from the 

left to the right for each row. 

  
Discovering devices. 

  
Result of discovery and choosing the desired device. 
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Using the Content Directory Service to perform a search 

 

 

Results from the search  
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7 Conclusion and future work 
This thesis has been trying to achieve integration between a media centre and a mobile 

device to which it should be possible to transfer multimedia data to mobile device for 

usage when you are on the move. Making the mobile device ready for seamless 

integration of multimedia content, requires at least three things; access to web services, 

discovering of UPnP enabled devices and transfer of multimedia content between 

devices. 

The implementation of these opportunities on mobile devices raises some technical 

challenges. These technical challenges have been outlined together with three 

approaches from earlier research studies with UPnP devices. The design goals for the 

three approaches are compared with the technical challenges to clarify how these have 

been addressed. 

Due to the problem statement (cf. section 2) the thesis that states three aspects related 

to UPnP discovery, UPnP communication and access to web services from mobile 

devices. 

Doing the clarification of the problem statement the investigation started on a very 

simple basis, and the architecture has been changed step by step through several 

iterations. The architecture provided by this thesis covers the basics in discovering UPnP 

devices and searching on a media centre, it does not provide a full implementation of a 

complete framework. However, it is desirable that the architecture supports the 

technical challenges using mobile phones, such as limited power consumption, 

heterogeneous devices and unreliable communication (cf. section 3.2). 

The UPnP discovery was made over a wireless network and that wireless network 

defined our home location. It was realised that it was possible to discover the UPnP 

enabled media centre when the device was connected to the network. Leaving the 

home zone will be the same as moving out range of the wireless network. This will force 

the phone to use other protocols such as GPRS, which goes beyond this thesis. 

A small renderer was made for streaming music using an URL. The URL is obtained from 

the UPnP enabled media centre. However, a seamless integration between a mobile 

device and web services goes beyond what is accomplished in this thesis.  

The future work of this thesis would typically be to fill in the gaps left by this thesis. An 

example of this could be to implement the missing COM component as the facade to 

support the synchronisation and quality of service aspects, and make the renderer using 

it to make it work as depicted in section 6. Seen from UPnP perspectives the interfaces 

need to be explored further to enhance search capabilities and make a more 

homogenous interface against those. 
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9 Appendix A 
The DeviceDescription.xml obtained from the device during discovery. The “service” 

section identifies the services this devices supports, where the ConnectionManager and 

ContentDirectory is mandatory and X_MS_MediaReceiverRegistrar is optional. It is also 

possible to see the name of the XML document describing each of the services, which is 

shown in tag <SCPDURL> of each service. 

To save space, the list of icons is not shown. 

<?xml version="1.0"?> 
<root xmlns="urn:schemas-upnp-org:device-1-0"> 
  <specVersion> 
    <major>1</major> 
    <minor>0</minor> 
  </specVersion> 
  <device> 
    <UDN>uuid:9e85a75b-fb5c-4282-ab84-f6ecdf875239</UDN> 
    <friendlyName>MICHAELS-LAPTOP: LaptopMedia:</friendlyName> 
    <manufacturer>Microsoft</manufacturer> 
    <manufacturerURL>http://www.microsoft.com/</manufacturerURL> 
    <modelName>Windows Media Player Sharing</modelName> 
    <modelNumber>4.0</modelNumber> 
    <modelURL>http://www.microsoft.com/</modelURL> 
    <deviceType>urn:schemas-upnp-org:device:MediaServer:1</deviceType> 
    <iconList>…</iconList> 
    <serviceList> 
      <service> 
        <serviceType>urn:schemas-upnp-
org:service:ConnectionManager:1</serviceType> 
        <serviceId>urn:upnp-org:serviceId:ConnectionManager</serviceId> 
        <SCPDURL>/ConnectionManager.xml</SCPDURL> 
        <eventSubURL>/ConnectionManager/Event</eventSubURL> 
        <controlURL>/ConnectionManager/Control</controlURL> 
      </service> 
      <service> 
        <serviceType>urn:schemas-upnp-org:service:ContentDirectory:1</serviceType> 
        <serviceId>urn:upnp-org:serviceId:ContentDirectory</serviceId> 
        <SCPDURL>/ContentDirectory.xml</SCPDURL> 
        <eventSubURL>/ContentDirectory/Event</eventSubURL> 
        <controlURL>/ContentDirectory/Control</controlURL> 
      </service> 
      <service> 
    <serviceType>urn:microsoft.com:service: 
X_MS_MediaReceiverRegistrar:1</serviceType> 
      <serviceId>urn:microsoft.com:serviceId: 
X_MS_MediaReceiverRegistrar</serviceId> 
        <SCPDURL>MediaReceiverRegistrar.xml</SCPDURL> 
        <eventSubURL>MediaReceiverRegistrar/Event</eventSubURL> 
        <controlURL>MediaReceiverRegistrar/Control</controlURL> 
      </service> 
    </serviceList> 
  </device> 
</root> 
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10 Appendix B 
Below is the ContentDirectory.xml obtained from the device, just before an action is 

called, but because of the size of the XML document, only the Search action is shown 

and a single stateVariable, which represents properties of the devices and can by 

fetched using the HTTP POST command. 

<?xml version="1.0"?> 
<scpd xmlns="urn:schemas-upnp-org:service-1-0"> 
  <specVersion> 
    <major>1</major> 
    <minor>0</minor> 
  </specVersion> 
  <actionList> 
    <action>…</action> 
    <action>…</action> 
    <action>…</action> 
    <action>…</action> 
    <action> 
    <name>Search</name> 
      <argumentList> 
        <argument> 
          <name>ContainerID</name> 
          <direction>in</direction> 
          <relatedStateVariable>A_ARG_TYPE_ObjectID</relatedStateVariable> 
        </argument> 
        <argument> 
          <name>SearchCriteria</name> 
          <direction>in</direction> 
          <relatedStateVariable> 
            A_ARG_TYPE_SearchCriteria 
          </relatedStateVariable> 
        </argument> 
        <argument> 
          <name>Filter</name> 
          <direction>in</direction> 
          <relatedStateVariable>A_ARG_TYPE_Filter</relatedStateVariable> 
        </argument> 
        <argument> 
          <name>StartingIndex</name> 
          <direction>in</direction> 
          <relatedStateVariable>A_ARG_TYPE_Index</relatedStateVariable> 
        </argument> 
        <argument> 
          <name>RequestedCount</name> 
          <direction>in</direction> 
          <relatedStateVariable>A_ARG_TYPE_Count</relatedStateVariable> 
        </argument> 
        <argument> 
          <name>SortCriteria</name> 
          <direction>in</direction> 
          <relatedStateVariable>A_ARG_TYPE_SortCriteria</relatedStateVariable> 
        </argument> 
      </argumentList> 
  </actionList> 
  <serviceStateTable> 
    <stateVariable sendEvents="no"> 
      <name>A_ARG_TYPE_ObjectID</name> 
      <dataType>string</dataType> 
    </stateVariable> 
    <stateVariable sendEvents="no"></stateVariable> 
    <stateVariable sendEvents="no"></stateVariable> 
     … 
    <stateVariable sendEvents="no"></stateVariable>      
  </serviceStateTable> 
</scpd> 
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11 Appendix C 
The following XML message shows the response when calling the Search action on the 

media centre. The message is encoded using SOAP. 

<DIDL-Lite xmlns:dc="http://purl.org/dc/elements/1.1/" 
xmlns:upnp="urn:schemas-upnp-org:metadata-1-0/upnp/" 
xmlns="urn:schemas-upnp-org:metadata-1-0/DIDL-Lite/"> 
  <item id="{EEB68AEB-3C6B-40F4-A317-2EB4FD0526B5}.0.4" restricted="1" 
parentID="4"> 
    <dc:title>People Are People</dc:title> 
    <dc:creator>Depeche Mode</dc:creator> 
    <res size="7217362" duration="0:03:44.000" bitrate="32000" protocolInfo="http-
get:*:audio/mpeg:DLNA.ORG_PN=MP3;DLNA.ORG_OP=01;DLNA.ORG_CI=0;DLNA.ORG_FLAGS=01500
000000000000000000000000000" sampleFrequency="44100" bitsPerSample="16" 
nrAudioChannels="2" microsoft:codec="{00000055-0000-0010-8000-00AA00389B71}" 
xmlns:microsoft="urn:schemas-microsoft-com:WMPNSS-1-
0/">http://[fe80::c537:49e2:3408:18b8]:10243/WMPNSSv4/4146422863/1_e0VFQjY4QUVCLTN
DNkItNDBGNC1BMzE3LTJFQjRGRDA1MjZCNX0uMC40.mp3</res> 
    <res duration="0:03:44.000" bitrate="176400" protocolInfo="http-
get:*:audio/L16;rate=44100;channels=2:DLNA.ORG_PN=LPCM;DLNA.ORG_OP=10;DLNA.ORG_CI=
1;DLNA.ORG_FLAGS=41500000000000000000000000000000" sampleFrequency="44100" 
bitsPerSample="16" nrAudioChannels="2" microsoft:codec="{00000001-0000-0010-8000-
00AA00389B71}" xmlns:microsoft="urn:schemas-microsoft-com:WMPNSS-1-
0/">http://[fe80::c537:49e2:3408:18b8]:10243/WMPNSSv4/4146422863/e0VFQjY4QUVCLTNDN
kItNDBGNC1BMzE3LTJFQjRGRDA1MjZCNX0uMC40.mp3?formatID=12</res> 
    <upnp:class>object.item.audioItem.musicTrack</upnp:class> 
    <upnp:genre>Alternative/Punk</upnp:genre> 
    <upnp:artist role="AlbumArtist">Depeche Mode</upnp:artist> 
    <upnp:artist role="Performer">Depeche Mode</upnp:artist> 
    <upnp:author role="Composer">[Unknown Composer]</upnp:author> 
    <upnp:album>The Best Of Depeche Mode Volume 1 (Bonus Tracks)</upnp:album> 
    <upnp:originalTrackNumber>11</upnp:originalTrackNumber> 
    <dc:date>2006-01-01</dc:date> 
    <upnp:actor>Depeche Mode</upnp:actor> 
    <desc id="artist" xmlns:microsoft="urn:schemas-microsoft-com:WMPNSS-1-
0/">&lt;microsoft:artistAlbumArtist&gt;Depeche 
Mode&lt;/microsoft:artistAlbumArtist&gt;&lt;microsoft:artistPerformer&gt;Depeche 
Mode&lt;/microsoft:artistPerformer&gt;</desc> 
    <desc id="author" xmlns:microsoft="urn:schemas-microsoft-com:WMPNSS-1-
0/">&lt;microsoft:authorComposer&gt;[Unknown 
Composer]&lt;/microsoft:authorComposer&gt;</desc> 
    <desc id="Year" xmlns:microsoft="urn:schemas-microsoft-com:WMPNSS-1-
0/">&lt;microsoft:year&gt;2006&lt;/microsoft:year&gt;</desc> 
    <desc id="UserRating" xmlns:microsoft="urn:schemas-microsoft-com:WMPNSS-1-
0/">&lt;microsoft:userRatingInStars&gt;0&lt;/microsoft:userRatingInStars&gt;&lt;mi
crosoft:userEffectiveRatingInStars&gt;3&lt;/microsoft:userEffectiveRatingInStars&g
t;&lt;microsoft:userRating&gt;0&lt;/microsoft:userRating&gt;&lt;microsoft:userEffe
ctiveRating&gt;50&lt;/microsoft:userEffectiveRating&gt;</desc> 
  </item> 
  <item id="{B66D55B8-4B1B-4CF9-97C8-6797BFB6D6CD}.0.4" restricted="1" 
parentID="4"> 
    <dc:title>Strangelove</dc:title> 
    <dc:creator>Depeche Mode</dc:creator> 
    <res size="7231573" duration="0:03:44.000" bitrate="32000" protocolInfo="http-
get:*:audio/mpeg:DLNA.ORG_PN=MP3;DLNA.ORG_OP=01;DLNA.ORG_CI=0;DLNA.ORG_FLAGS=01500
000000000000000000000000000" sampleFrequency="44100" bitsPerSample="16" 
nrAudioChannels="2" microsoft:codec="{00000055-0000-0010-8000-00AA00389B71}" 
xmlns:microsoft="urn:schemas-microsoft-com:WMPNSS-1-
0/">http://[fe80::c537:49e2:3408:18b8]:10243/WMPNSSv4/4146422863/1_e0I2NkQ1NUI4LTR
CMUItNENGOS05N0M4LTY3OTdCRkI2RDZDRH0uMC40.mp3</res> 
    <res duration="0:03:44.000" bitrate="176400" protocolInfo="http-
get:*:audio/L16;rate=44100;channels=2:DLNA.ORG_PN=LPCM;DLNA.ORG_OP=10;DLNA.ORG_CI=
1;DLNA.ORG_FLAGS=41500000000000000000000000000000" sampleFrequency="44100" 
bitsPerSample="16" nrAudioChannels="2" microsoft:codec="{00000001-0000-0010-8000-
00AA00389B71}" xmlns:microsoft="urn:schemas-microsoft-com:WMPNSS-1-
0/">http://[fe80::c537:49e2:3408:18b8]:10243/WMPNSSv4/4146422863/e0I2NkQ1NUI4LTRCM
UItNENGOS05N0M4LTY3OTdCRkI2RDZDRH0uMC40.mp3?formatID=12</res> 
    <upnp:class>object.item.audioItem.musicTrack</upnp:class> 
    <upnp:genre>Alternative/Punk</upnp:genre> 
    <upnp:artist role="AlbumArtist">Depeche Mode</upnp:artist> 
    <upnp:artist role="Performer">Depeche Mode</upnp:artist> 
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    <upnp:author role="Composer">[Unknown Composer]</upnp:author> 
    <upnp:album>The Best Of Depeche Mode Volume 1 (Bonus Tracks)</upnp:album> 
    <upnp:originalTrackNumber>8</upnp:originalTrackNumber> 
    <dc:date>2006-01-01</dc:date> 
    <upnp:actor>Depeche Mode</upnp:actor> 
    <desc id="artist" xmlns:microsoft="urn:schemas-microsoft-com:WMPNSS-1-
0/">&lt;microsoft:artistAlbumArtist&gt;Depeche 
Mode&lt;/microsoft:artistAlbumArtist&gt;&lt;microsoft:artistPerformer&gt;Depeche 
Mode&lt;/microsoft:artistPerformer&gt;</desc> 
    <desc id="author" xmlns:microsoft="urn:schemas-microsoft-com:WMPNSS-1-
0/">&lt;microsoft:authorComposer&gt;[Unknown 
Composer]&lt;/microsoft:authorComposer&gt;</desc> 
    <desc id="Year" xmlns:microsoft="urn:schemas-microsoft-com:WMPNSS-1-
0/">&lt;microsoft:year&gt;2006&lt;/microsoft:year&gt;</desc> 
    <desc id="UserRating" xmlns:microsoft="urn:schemas-microsoft-com:WMPNSS-1-
0/">&lt;microsoft:userRatingInStars&gt;0&lt;/microsoft:userRatingInStars&gt;&lt;mi
crosoft:userEffectiveRatingInStars&gt;3&lt;/microsoft:userEffectiveRatingInStars&g
t;&lt;microsoft:userRating&gt;0&lt;/microsoft:userRating&gt;&lt;microsoft:userEffe
ctiveRating&gt;50&lt;/microsoft:userEffectiveRating&gt;</desc> 
  </item> 
  <item id="{7DC7AF22-E6A1-4D3F-86FA-43A51C7E4AA7}.0.4" restricted="1" 
parentID="4"> 
    <dc:title>Suffer Well</dc:title> 
    <dc:creator>Depeche Mode</dc:creator> 
    <res size="7401264" duration="0:03:49.000" bitrate="32000" protocolInfo="http-
get:*:audio/mpeg:DLNA.ORG_PN=MP3;DLNA.ORG_OP=01;DLNA.ORG_CI=0;DLNA.ORG_FLAGS=01500
000000000000000000000000000" sampleFrequency="44100" bitsPerSample="16" 
nrAudioChannels="2" microsoft:codec="{00000055-0000-0010-8000-00AA00389B71}" 
xmlns:microsoft="urn:schemas-microsoft-com:WMPNSS-1-
0/">http://[fe80::c537:49e2:3408:18b8]:10243/WMPNSSv4/4146422863/1_ezdEQzdBRjIyLUU
2QTEtNEQzRi04NkZBLTQzQTUxQzdFNEFBN30uMC40.mp3</res> 
    <res duration="0:03:49.000" bitrate="176400" protocolInfo="http-
get:*:audio/L16;rate=44100;channels=2:DLNA.ORG_PN=LPCM;DLNA.ORG_OP=10;DLNA.ORG_CI=
1;DLNA.ORG_FLAGS=41500000000000000000000000000000" sampleFrequency="44100" 
bitsPerSample="16" nrAudioChannels="2" microsoft:codec="{00000001-0000-0010-8000-
00AA00389B71}" xmlns:microsoft="urn:schemas-microsoft-com:WMPNSS-1-
0/">http://[fe80::c537:49e2:3408:18b8]:10243/WMPNSSv4/4146422863/ezdEQzdBRjIyLUU2Q
TEtNEQzRi04NkZBLTQzQTUxQzdFNEFBN30uMC40.mp3?formatID=12</res> 
    <upnp:class>object.item.audioItem.musicTrack</upnp:class> 
    <upnp:genre>Alternative/Punk</upnp:genre> 
    <upnp:artist role="AlbumArtist">Depeche Mode</upnp:artist> 
    <upnp:artist role="Performer">Depeche Mode</upnp:artist> 
    <upnp:author role="Composer">[Unknown Composer]</upnp:author> 
    <upnp:album>The Best Of Depeche Mode Volume 1 (Bonus Tracks)</upnp:album> 
    <upnp:originalTrackNumber>9</upnp:originalTrackNumber> 
    <dc:date>2006-01-01</dc:date> 
    <upnp:actor>Depeche Mode</upnp:actor> 
    <desc id="artist" xmlns:microsoft="urn:schemas-microsoft-com:WMPNSS-1-
0/">&lt;microsoft:artistAlbumArtist&gt;Depeche 
Mode&lt;/microsoft:artistAlbumArtist&gt;&lt;microsoft:artistPerformer&gt;Depeche 
Mode&lt;/microsoft:artistPerformer&gt;</desc> 
    <desc id="author" xmlns:microsoft="urn:schemas-microsoft-com:WMPNSS-1-
0/">&lt;microsoft:authorComposer&gt;[Unknown 
Composer]&lt;/microsoft:authorComposer&gt;</desc> 
    <desc id="Year" xmlns:microsoft="urn:schemas-microsoft-com:WMPNSS-1-
0/">&lt;microsoft:year&gt;2006&lt;/microsoft:year&gt;</desc> 
    <desc id="UserRating" xmlns:microsoft="urn:schemas-microsoft-com:WMPNSS-1-
0/">&lt;microsoft:userRatingInStars&gt;0&lt;/microsoft:userRatingInStars&gt;&lt;mi
crosoft:userEffectiveRatingInStars&gt;3&lt;/microsoft:userEffectiveRatingInStars&g
t;&lt;microsoft:userRating&gt;0&lt;/microsoft:userRating&gt;&lt;microsoft:userEffe
ctiveRating&gt;50&lt;/microsoft:userEffectiveRating&gt;</desc> 
  </item> 
</DIDL-Lite> 


