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ABSTRACT

This paper describes the UniRo Universal Plug and
Play (UPnP) Audio Video (AV) stack that was
implemented in Java programming language. The UniRo
UPnP AV Stack is a software component that can be used
to develop AV applications (MediaServer,
MediaRenderer, and AV Control Points). The AV
interfaces form the core of this component. They provide
a typing layer to access AV devices and AV services. AV
interfaces hide the complexity of UPnP AV architecture
and singularity of specific underlying UPnP stacks. AV
applications written to this stack are portable to other
UPnP stacks without changing the source code.
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1. Introduction

In June 1999, the Universal Plug and Play (UPnP) Forum
[1] was founded by Microsoft to set up a standard for
integrating devices and services in a network area and to
define their usage. UPnP is based on a client-server-
concept where UPnP devices (servers) offer their services
to a network and UPnP control points (clients) can be
utilized to find and use them.

The specification of UPnP is written down in the UPnP
Device Architecture (UDA) [2]. There are already a lot of
stacks and applications for that specification. An UPnP
stack is an implementation of the UDA for a specific
programming language and for a specific platform. Most
UPnP stacks wrap protocols that are required by UPnP
and that are defined by UPnP, respectively. Some of them
provide typing by offering classes such as Device,
Service, Action and StateVariable. Developers using such
stacks don't need to care about details of UPnP protocol
but instead developers can concentrate on building UPnP
applications.

There are stacks for different programming languages and
for different operating systems. For a nearly complete
overview of available stacks the website of the UPnP

Forum [3] is recommended. Our evaluations were related
to the stacks of Siemens [4], Cyberlink [5] and Intel [6].
The UPnP Audio Video (AV) Architecture:0.83[7]
specifies how to control multimedia devices within UPnP
network. UPnP AV is sitting on top of UDA. An UPnP
AV stack is an implementation of UPnP AV Architecture.
In contrast an AV application is an executable program
that is running over UPnP AV. Such application could use
an UPnP AV stack but this is not required. The term stack
is used by different vendors in different contexts. For this
reason products are not always distinguishable into pure
stacks and into executable applications.

Intel's UPnP AV software package [8] consists of four
tools (AV MediaServer, AV MediaRenderer, AV
MediaController, and AV Wizard). In combination with
the Debug Information Window Tool they act as a
reference to developers. These tools are independently
running applications. TwonkyVision [9] offers an UPnP
AV Software Development Kit (SDK). This stack is
written in ANSI-C and therefore usable in embedded
systems.  CyberMediaGate [10] is a reference
implementation of a media server. It is sitting on top of
Cyberlink UPnP stack. Furthermore there are a lot of
UPNP AV devices available such as media server and
home entertainment systems. A complete list of UPnP
supporting devices (AV as well as other DCPs) can be
found at the website [11] of the UPnP Implementers
Corporation (UPnP IC).

There are many implementations and applications for
UPnP AV architecture. None of them is based on
interfaces. However, AV specification is very suitable for
defining interfaces: It is designed independently of
underlying Service Oriented Architecture (SOA). It
assumes merely concepts that are supported of the SOA
such as mechanisms for description, for controlling, and
for event handling. UPnP is not the only SOA that
supports these concepts. For this reason at first we
designed AV interfaces and afterwards we implemented
them for different UPnP stacks.



2. Relevant Technologies

In the following relevant technologies SOA, UPnP and
UPnP AV are explained for further understanding the

paper.

2.1. Service Oriented Architectures

The concept of Service Oriented Architectures (SOA)
exists since the beginning of the nineties. A SOA is a
system that contains of loosely coupled resources.
Resources are e.g. devices or applications. Resources are
made available to other participants in the network as
independent services that are accessed in a standardized
way [12]. In a SOA services can be added and removed
dynamically. Service in terms of SOA is an independent
working functional unit, that can be used remotely by a
defined interface, that means outside of the own runtime
environment.

Well known SOA implementations are Web Services
architecture [13], Java Intelligent Network Infrastructure
(JINI) [14], Universal Plug and Play (UPnP) [1] and
Home Audio Video interoperability (HAVi) [15].

2.2. UPnP

UPnP Forum was founded by Microsoft to set up a
standard for integrating devices and services in a network
area and to define their usage. UPnP supports ad-hoc
networking of devices and services by defining their
announcement, discovery and usage. Programming
languages and transmission media are not assumed. Only
protocols and interface are specified instead.

The UPNnP specification is divided into six phases:
addressing, discovery and description specify automatic
integration of devices and services, control, eventing and
presentation specify how to use them.

UPnP is based on a client-server-concept where UPnP
devices (servers) offer their services to a network and
UPnP control points (clients) can be utilized to find and
use them.

Addressing - In order to participate in networking a
device needs a unique IP address. Therefore it has to
lookup the Dynamic Host Configuration
Protocol (DHCP) [16] server (default) or has to assign an
IP address per AutolP to itself. AutolP is a standardized
technique for dynamic allocation of IP addresses if a
DHCP server is not available.

Discovery - UPnP devices use discovery to announce
themselves and their services (Advertisements). Control
points that receive these massages may save and use
them. Advertisements are valid for specific time only.
Therefore they have to send periodically (lease concept).
Control Points use discovery to search for devices and
services (Searching). Devices and services that match the
search request may respond to the control point.

Discovery massages are sent via Simple Service
Discovery Protocol (SSDP) [17].
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Figure 1 : UPnP Protocol Stack

Description - A control point requests the device
description and service descriptions if it is interested in a
specific device. The description consists of device
specific information and information about actions and
state variables of the services. Descriptions are sent in
XML format.

Control - Control points use control messages for
invoking actions on services. They are transmitted via the
Simple Object Access Protocol (SOAP) [18].

Eventing - A control point can be registered at a service to
be informed about state changes. The service sends event
messages to all registered control points after changing
the value of a state variable. Event messages are
transmitted via the Generic Event Notification
Protocol (GENA) [19].

Presentation - A device may offer a special Uniform Re-
source Locator (URL), which represents an adapted user
interface to control the device. Thereupon, the control
point can connect to the URL and display the specific
HTML page in a browser.

Figure 1 shows required protocols of UDA (e.g. SSDP,
GENA, and SOAP) and defined protocols by
UDA (Discovery, Control and so on). These protocols are
extended by the Standardized Device Control
Protocols (DCP). UDA specifies usage of devices and
services in a generic manner. In contrast, DCPs define
specific device types and service types. Devices that
implement a specific device type have to implement all
required services of that device. Services that implement a
specific service have to implement all required actions
and state variables of that service.

The UPnP Forum uses a predefined method to announce
new DCPs. Examples for DCPs are Printer Device, Print
Basic Service V1.0, HVAC V1.0, MediaServer V1.0, and
MediaRenderer V1.0.

2.3. UPnP AV

UPNnP AV Architecture is part of the standardized DCPs.
It was adopted by the UPnP Forum in June 2002. UPnP
AV tries to set up a standard for interaction between
multimedia devices. For that purpose two device types



(MediaServer V1.0 and MediaRenderer V1.0) and four
service types (AVTransport V1.0, ConnectionManager
V1.0, ContentDirectory V1.0 und RenderingControl
V1.0) are defined. Furthermore the specification defines
the way in how control points communicate with these
devices and how a communication between the AV
devices can be established and managed, respectively.

A MediaServer is a device that manages metadata of
multimedia files and streams. These metadata are
provided in the UPnP network through the
ContentDirectory service. Metadata contain information
of the resource the metadata is about. Information could
be e.g. format, owner, accessibility, rights, date of
creation, size and so on. Managing of metadata does not
mean that their resources are also located at the media
server. Examples for content formats are MPEG2 videos,
MP3 audios and JPEG images. Media servers are running
for example on CD players, digital cameras, TV tuners or
on PCs.

A MediaRenderer is a device that is able to play back
multimedia content. MediaRenderer could be TV
displays, speakers, beamer or applications such as
Windows Media Player.

Within AV Architecture there are no additional
requirements that a control point has to implement.
Instead the specification outlines scenarios that describe
sequences of communication flow. Firstly control point
searches for media servers and media renderer via UPnP
discovery. To get information about content that is
managed by the server the control point sends a request
by invoking Browse() or Search() action of
ContentDirectory service. The result sending back by the
server is a Digital Item Declaration Language (DIDL)
Lite XML document (see next paragraph). It contains
information about specific protocols that have to be used
to access the according multimedia content. The control
point chooses an applicable media renderer that is able to
play back the content. For that purpose control point has
to match protocols of server and renderer. A list of
supported protocols by the renderer the control point
sends a  GetProtocollnfo() action to  the
ConnectionManager service. If an appropriate renderer
was found, both server and renderer are prepared for
upcoming data transfer by using PrepareForConnection()
action (ConnectionManager service). Data flow (Play(),
Pause(), Stop()...) is controlled via AVTransport service.
AVTransport is offered either by server or by renderer,
depending on the chosen protocol. For example if data is
transmitted via HTTP the renderer has to implement
AVTransport service.

DIDL is part of multimedia framework MPEG-21 [20]. A
digital item represents a combination of resources (video,
audio, tracks...), metadata and relations between

resources. DIDL is used for declaration of digital items. It
is also specified by a XML scheme. DIDL was an
appropriate element for the use within UPnP AV. For
that reason developer of AV architecture included DIDL
with some changes as DIDL Lite.

DIDL is used whenever metadata between media server
and control point is exchanged. For example if a control
point invokes Browse() or Search() actions on a
ContentDirectory service the result is serialized as a
DIDL XML document. Resources that are managed by a
media server are stored in a logical hierarchy. For that
purpose the DIDL class hierarchy is used.

DIDL class hierarchy is based on the concept of simple
inheritance. The super class of all classes is Object. Each
class could contain optional as well as required properties.
Properties are inherited from a class to its subclasses. If
properties have multiple value they are serialized as XML
elements, otherwise as XML attributes. Object has only
two subclasses: Item and Container. A Container may
contain Items or other Container. Further classes have to
extend either Item or Container. DIDL instances are
organized in a logical hierarchy, since each instance has
to reference to a parent container using property parentiD.
MusicTrack, Playlistitem and Movie are examples for
Items. Album, Genre and PlaylistContainer are examples
for Container. Class hierarchy can be extended by self
defined classes.

3. UniRo UPnP AV Java Stack

The UniRo UPnP AV Java Stack is a software component
that can be wused to develop AV Applications
(MediaServer, MediaRenderer or AV Control Points).
The AV Interfaces are the core of this component. They
provide a typing layer to access AV Devices, AV
Services, and the services” actions. AV Interfaces hide the
complexity of UPnP AV Architecture and singularity of
specific underlying UPnP stacks. Vendor AV Stacks
implement AV Interfaces. Vendor AV Stacks are
accessible by specific factory methods in a Vendor
Factory Class only. A Factory Method is a well known
design pattern for creating an instance of a (to the client)
unknown class that implements a specific interface. AV
Applications use the factory methods and AV Interfaces
only. Therefore, applications written to this paradigm are
independent of a specific Vendor UPnP Stack. They can
adapt to other stacks without changing the source code.
Figure 2 shows relations between introduced components.
Currently, University of Rostock provides an AV stack
implementation for Siemens UPnP stack and Cyberlink
UPnNP stack respectively.
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3.1. AV Interfaces

Most AV Interfaces are required at device side and at
control point side. To distinguish them easily their names
are labelled with prefixes Host and Proxy accordingly.
Proxy classes are located at the control point since a
control point calls objects on devices remotely. The AV
Interfaces package consists of classes for MediaServer,
MediaRenderer, ControlPoint, AVTransport,
ConnectionManager, ContentDirectory,
RenderingControl, two classes for exception handling,
and a factory interface.

The Factory interface should be implemented by Vendor
Factory Classes. It consists of five factory methods that
create HostedMediaServer, HostedMediaRenderer and
MediaControlPoint.

UPnPAVError and UPnPAVException are used for
exception handling throughout AV stack. Although both
are concrete classes and not interfaces they are located in
the interfaces package because interfaces need them for
declaration of UPnP action methods. UPnPAVError
provides a private and a public constructor. The private
one is internally called by the specified UPnP errors only.
The public constructor can be used for self defined errors
by developers. According to the UDA for this purpose
error codes 800 to 899 are reserved. There is a final
UPnPAVETrror instance for each specified error within
AV architecture. When throwing an UPnPAVEXxception
such instance (predefined/final or self-defined) must be
stated.

The MediaControlPoint interface represents a control
point. The factory provides a factory method to create an
instance of MediaControlPoint. When invoking the
factory method a MediaControlPointListener must be
referenced. MediaControlPoint contains methods for
initiating discovery of MediaServer and MediaRenderer.
MediaControlPointListener consists of methods that are
invoked when new ProxyMediaServer or
ProxyMediaRenderer are found in the network and when
they are removed from the network, respectively.
Developers who want to set up a control point have to
implement a MediaControlPointListener only.

The MediaDevice Interface (Figure 3) represents an AV
device (server or renderer). It contains methods for
reading device properties such as model number,
manufacturer and friendly name. MediaServer and
MediaRenderer are inherited from MediaDevice. Both
add a constant (the device type), but no new methods.
ProxyMediaServer and ProxyMediaRenderer represent
remote AV devices. Their methods return proxy services
(ProxyAVTransport, ProxyRenderingControl,
ProxyConnectionManager and ProxyContentDirectory).
HostedMediaServer and HostedMediaRenderer —are
interfaces for corresponding devices at device side. The
factory provides four different factory methods to create
instances of HostedMediaServer and
HostedMediaRenderer. Both extend methods for reading
device properties by methods for setting device property
values. Further methods are used to announce the device
in the network and to remove the device from the
network, respectively. Furthermore hosted services
(HostedAVTransport, HostedRenderingControl,

‘ MediaDevice

‘ MediaServer ‘

‘ MediaRenderer ‘

ProxyMediaServer ‘ ‘ HostedMediaServer ‘

‘ ProxyMediaRenderer ‘

‘ HostedMediaRenderer

Figure 3 : MediaDevice Interfaces
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Figure 4 : ConnectionManager Service Interface

HostedConnectionManager and HostedContentDirectory)
are accessible. Hosted services are used to set values of
state variables.

The interfaces of the four AV services are very similar

among each  other.  ConnectionManager  and
ContentDirectory as well as RenderingControl and
AVTransport are identical structurally. Therefore

interfaces are explained for ConnectionManager and
AVTransport only.

ConnectionManagerStatelnfo (figure 4) contains methods
for reading state variables. These methods are inherited in
HostedConnectionManager and in
ProxyConnectionManager.
ConnectionManagerFeaturelnfo consists of Boolean
methods that inform about support of optional actions.
They are inherited in ProxyConnectionManager and
therefore they could be evaluated by a control point.
ConnectionManager contains actions and predefined
constants for state variables. They are inherited in the
ProxyConnectionManager, too. To develop a media
server or a media renderer a ConnectionManager (that
means the actions) has to be implemented.
HostedConnectionManager is accessible through the
hosted device interface (HostedMediaServer or
HostedMediaRenderer). It contains methods for setting
values of state variables. ProxyConnectionManager is
accessible through the proxy device interface
(ProxyMediaServer or ProxyMediaRenderer). It inherits
methods for reading state variables, methods for
information about support of optional actions as well as
the actions. Further methods allow subscribing and
unsubscribing of events. For that purpose a
ConnectionManagerStateChangeListener must be stated.
Its methods are invoked at control point side when values
of state variables changes in remote ConnectionManager.
AVTransport service and RenderingControl service differ

from ConnectionManager by working with virtual
instances. UPnP services are static services. That means if
invoking actions on a service it is always the same single
service. There are situation where it is desired and
reasonable to offer services as instances. Therefore within
AVTransport service each action requires an instance 1D
which identifies the virtual instance. To handle instances
we need some more interfaces. They are shown in
figure 5(b). Remaining interfaces (figure 5(a)) have the
same semantic as the corresponding ConnectionManager
interfaces.

Annotation; Hosted AV TransportListener and
ProxyAVTransportListener inherit from
AVTransportinstance, but they don't add new methods so
far.

In contrast to the ConnectionManager interface
AVTransport interface does not contain any actions.
Actions are located in the AVTransportinstance, since
they are invoked on virtual instances. The one and only
method returns a HostedAVTransportinstanceListener
depending on an AVTransport ID. This method has to be
implemented when designing a media server or media
renderer. In contrast to ProxyConnectionManager the
ProxyAVTransport interface adds a further method that
returns a ProxyAVTransportinstance depending on an
AVTransport ID.

3.2. Other Packages

According to the UDA actions may return more than one
parameter. In most programming languages it is possible
to return one parameter only. For that reason within AV
Interfaces package types are defined that wrap return
values with more than one parameter. They are
implemented in the Support package and can be used by

‘ AVTransportStateInfo ‘

‘ AVTransportFeaturelnfo ‘ ‘

AVTransport

‘ HostedAVTransport ‘ ‘

ProxyAVTransport

‘ ‘ AVTransportStateChangeListener

@

‘ AVTransportinstance ‘

ProxyAVTransportinstance ‘

‘ HostedAVTransportinstanceListener

(b)

Fiaure 5 : AVTransport Service Interfaces



developers as well.

Same package contains adapter classes. Adapter classes
implement extensive interfaces by empty methods.
Instead of implement such interfaces completely adapter
classes can be inherited. This approach reduces
programming effort significantly.

DIDL package is used by media server and control points.
There is one java class for each corresponding defined
DIDL class. Java class hierarchy was adapted to DIDL
class hierarchy. Properties are readable and writable by
usual methods.

The Support package contains a further class called
DidILiteModel. Such model manages relations between
DIDL objects. Furthermore it contains methods for adding
and removing of DIDL instances. Objects are internally
stored by their unique ID.

There are two possibilities to create DIDL instances:
constructors of according classes could be used or the
model creates instances by a given DIDL Lite XML
element. In both cases the model adds new objects to its
store and updates relations between resources
automatically.

4. Future Work

Next step deals with testing the stack by developing
different AV applications. First implementation is already
done: An AV control point as well as an AV image
renderer was running without changes in code on Siemens
UPnP stack and on Cyberlink UPnP stack, respectively.
Within the scope of the SIRENA [21] project AV
applications will be deployed in a cross domain
demonstrator. Therefore different media renderer will be
installed on a home entertainment system and a car radio.
A PDA is used as a control point and media server. The
UniRo UPnP AV stack will be used for that purpose.
There are a lot of advantages if programming with
interfaces. These advantages will be utilized in future
work. Within web services specification the Device
Profile for Web Services [22] (DPWS) was announced in
August 2004. Subtitle of this document is "A Proposal for
UPNnP 2.0 Device Architecture". It specifies discovery,
control, eventing and description with respect to web
services. Concepts are almost the same as concepts of
UDA. They are extended by a proxy concept which
allows discovery of devices beyond local networks.
Currently stacks are missing that implement DPWS
completely. As soon as stacks are available the UniRo
UPnP AV stack will be ported to web services.

5. Conclusion

Due to the facts that UPnP AV is merely based on SOA
concepts, that there are already a lot of UPnP stacks
available, and that there is currently further development
of UPnP and other SOAs we were encouraged to map

UPnP AV on interfaces. Using such interfaces UPnP
stacks can be exchanged without changing the application
code. Two applications, a control point and an image
renderer, were already tested on different UPnP stacks
successfully. One of the next tasks will be an
implementation of the AV stack to other SOAs, primarily
to DPWS.
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