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Abstract

In recent years several technologies have emerged which
enable building a Service Oriented Architecture (SOA),
among them Web services and Universal Plug and Play
(UPnP). The two technologies have achieved high accep-
tance however in different areas. New applications look
for combining their advantages by mapping services bilat-
erally. This paper describes approaches and appliances for
this service mapping between Web services and UPnP.

1. Introduction

In the last decade the movement of component based
software design and development has reached a higher ab-
straction level - Service Oriented Architectures (SOA). This
enables developers to map processes (e.g. business or au-
tomation) directly to software components. SOAs are plat-
form, programming language and network media indepen-
dent.

Several architecture implementations strive to follow the
SOA paradigm. Among all implementations, Web services
and UPnP reach the highest market penetration. Universal
Plug and Play (UPnP) was primarily developed for small
home networks connecting audio and video (A/V) compo-
nents: A UPnP server, for example, offers media content
that can be streamed to a UPnP media renderer to illustrate
the content. Web services target applications in enterprise
networks and within the Internet in contrast to UPnP. Me-
dia content can be stored on any web location and can be
discovered by Web services. Unfortunately, Web services
and UPnP are not compatible although their functionalities
are very similar. Crossing the border between Web services
and UPnP would offer new opportunity and pave the way

for new applications. Presuming end-to-end Quality of Ser-
vice (QoS) from one node to the other, media content in a
UPnP enabled network could be used anywhere else realiz-
ing Video on Demand (VoD) over the Internet [7].

This paper addresses the service mapping between UPnP
and Web services to overcome the compatibility gap be-
tween Web services and UPnP. Therefore we focus on a
video streaming scenario. A demonstrator has been devel-
oped consisting of several subnets connected with a router.
Each subnet contains UPnP devices and a Web service in-
terface. Via this interface, the media content of a subnet can
be provided to other subnets. Furthermore the interface can
by used by a Web service to control the UPnP devices in the
subnet. This kind of scenario could be used for a distributed
VoD system within a hotel or hospital.

The paper is structured as follows. Section 2 introduces
the SOA paradigm as well as the SOA compliant architec-
tures UPnP and Web services. Section 3 explains a sce-
nario where Web services are used via UPnP. In this sce-
nario Web services manage media content that can be re-
trieved by UPnP home networks. Section 4 illustrates the
usage of the UPnP A/V architecture by Web services. The
paper closes with a summary.

2 State of the Art

Within this section we provide an overview of the SOA
paradigm. Furthermore the shortly introduce the function-
alities of UPnP and Web services.

2.1 Service Oriented Architectures

The Service Oriented Architecture (SOA) is an architec-
ture and design paradigm for representing (incompatible)
methods and applications as services [3]. A service is a self-
describing interface to a certain functionality which ensures



platform and programming language independent usage and
reusability.

Figure 1. SOA interaction and roles

Figure 1 illustrates the three different roles in a SOA and
their interaction. The service provider describes its func-
tionality in a service description and publishes it to the ser-
vice registry. This service registry is a central repository for
the descriptions of all available services. A service user de-
mands the registry for desired services. Their descriptions
are then returned (if available). The service user can now
contact the service provider directly and request more infor-
mation or directly use the service. Some SOA compliant ar-
chitectures come without a registry component. Broadcast
discovery is used for finding desired services (usually in the
corresponding home subnetwork). A SOA can also provide
publish/subscribe mechanisms to inform service user about
state changes.

2.2 Universal Plug and Play

UPnP is a simple, easy-to-use SOA for small networks
supporting ad-hoc communication of devices and interac-
tion of services [9]. It is independent of any programming
language and network media. A UPnP service user is called
control point. The UPnP lifecycle is divided into six stages
(shown in figure 2.) The addressing stage starts when a new
UPnP device enters the network and is responsible for auto-
matic address assignment.

Figure 2. UPnP stages

In the discovery stage a UPnP device broadcasts its de-
scription to all devices within the subnet announcing its ca-

pabilities or searches for other services to retrieve their de-
scription. The description is written in a standardized XML
format. It details the functionality of a device and its ser-
vices as well as the manner they can be used. In the control
stage a control point can change the state of a UPnP de-
vice or service. A publish/subscribe mechanism is offered
to control points to get informed about state changes of a
UPnP device/service being subscribed to (eventing stage).
Optionally, the state of a UPnP device can be shown using
the presentation.

UPnP is based on the zero configuration mecha-
nism [10]. No manual configuration is necessary but it re-
stricts UPnP devices to their home subnetwork. There is no
service registry specified in UPnP. The communication for
addressing and discovery is based on broadcast messages.
In a subnet with a very large number of UPnP devices this
will occupy a lot of bandwidth.

The UPnP A/V Architecture defines the general inter-
action between UPnP Control Points and UPnP A/V de-
vices [5]. It specifies device and service description tem-
plates for two audio/video (A/V) device types: MediaServer
and MediaRenderer. The MediaServer is a device where
the media content resides. The MediaRenderer is a device
which can play back media content. The UPnP A/V control
point is used to establish a media connection (e.g. media
stream) between MediaServer and MediaRenderer and con-
trolling the interaction. Any kind of media type can be used
depending on the capabilities of server and renderer.

2.3 Web services

The Web service architecture is a set of modular proto-
col building blocks that can be composed in varying ways
to create protocols specific to particular applications [14].
They address networks of any size and provide a set of
specifications for service discovery, service description, se-
curity, policy and others. The implementation is entirely
hidden from their interfaces and may be exchanged at run-
time.

The basic Web services architecture is organized into
layers as shown in figure 3.

Figure 3. Web service level architecture [6]

The network and transport layer are based on the typ-



ical Internet protocols such as IP, TCP/UDP and HTTP.
Web services messages are encapsulated into Simple Ob-
ject Access Protocol (SOAP) messages [12]. SOAP real-
izes transfer of XML-based messages and processing Re-
mote Procedure Calls (RPC). Although SOAP messages can
be transmitted over any kind of transport protocol, HTTP
and TCP are the most common ones. Web services are
self-describing using Web Services Description Language
(WSDL) [11]. Universal Description, Discovery, and Inte-
gration (UDDI) is a platform-independent, XML-based reg-
istry service for business Web services [13].

A provider can deploy a Web service in the Internet and
increase its global accessibility. Alternatively a Web service
can be used in a local network performing its work. Web
services are deployed for a wide range of business solutions.
E.g. solutions can be simple, how a single call of a service
for currency conversion, or complex, if a solution consists
of combination of Web service invocations.

2.4 Comparing UPnP and Web services

Both Web services and UPnP architectures are SOA con-
form. They provide services, describe themselves in a well-
defined way and can be discovered by service users. How-
ever, their peculiarities on the SOA concepts differ. The
Web services concept comprises a provider entity, requester
entity and a discovery service. UDDI provides a common
technology for the discovery service [2]. These entities have
separate realization and are distributed over the network. By
contrast, a UPnP control point acts as both, provider en-
tity and discovery service [15]. A dedicated service registry
does not exist. Service announcements and discovery mes-
sages are sent using broadcast messages. Furthermore, only
a control point is able to invoke a service on a UPnP device,
so that it can act as a requester also. Thus there are two
points we intent to overcome: Visibility of UPnP services
and extensibility of UPnP services.

3 Service Mapping between UPnP and Web
services

This section describes architectures and concepts, which
allows using Web services in UPnP. A scenario demon-
strates the retrieval of media content from a Web service
invoked by a UPnP control point. The media content can be
processed by a UPnP MediaRenderer.

The Web service invocation will be initiated by a UPnP
control point. Web services can be located on any host in
the Internet, or in locally accessible subnets. If a Web ser-
vice is located in the Internet, the control point shall initi-
ate the invocation via a process, that can directly access the
Web service, because it is globally accessible. A Web ser-
vice in a local subnet can not be reached by a UPnP control

point directly. A Web service can be deployed in a pro-
tected local subnet, where the access authorization must be
validated [15]. In this case, a request from a UPnP subnet
must be transferred via a process to the target subnet. The
first problem concerns also the communication between a
UPnP subnet and a Web service. This includes the follow-
ing cases:

• Communication between UPnP and a Web service in
the Internet (3.1),

• Communication between UPnP and a Web service in a
protected local network (3.2).

The second problem concerns the marshaling and un-
marshaling (3.3) between UPnP and Web services. There-
fore data types must be converted before sending and con-
verted back before using, if necessary.

3.1 Using a Web service directly in the
Internet

In this case a Web service is worldwide accessible in
the Internet. This Web service shall be invoked by UPnP
and the result shall yield in the UPnP subnet. Therefore a
Web service adaptor was developed [15]. The UPnP con-
trol point uses a Web service adaptor, if a Web service shall
be invoked. The control point consigns all needed Web
service parameters (service URL, service identifier, service
method and parameters for the service method) to the Web
service adaptor. The Web service adaptor encapsulates a
Web service framework (e.g. Apache Axis Framework) and
uses this to execute Web Service invocations. The adap-
tor receives invocation results and keeps them for the UPnP
control point. The Web service adaptor provides following
functionality to the UPnP control point:

• Initialization of Web service invocation,

• Store the results of the invocation, which can be
fetched by the control point,

• The adaptor can be used to copy (media) files into a
file system being managed by the control point. In this
case the invocation result is a reference (host and di-
rectory structure).

If a Web service manages media content a service can
deliver a reference to these files. The reference is consist-
ing of a transfer protocol, the host IP and the file directory
with files. The Web service adaptor aims at the streaming
of these files into the file system of the control point.



3.2 Using a Web service in a protected lo-
cal subnet

In this case a Web service is located in a protected lo-
cal network. Therefore the UPnP control point uses a client
process, that communicates with the server process in the
target network [15]. The client process will be instanti-
ated by the control point before starting the communication,
whereas the server process will be instantiated and running
continuously on a host in the target network. Both pro-
cesses use sockets to realize the bilateral communication.
Socket classes are used to represent the connection between
a client program and a server program [8]. The client pro-
cess uses the associated socket to send all parameters to the
server process. The server process is listening on an asso-
ciated socket for client process requests. If a request is re-
ceived, the server process extracts and validates the param-
eters, processes them and sends a result back to the client
process via the associated socket again. Figure 4 depicts
the exchanged messages, if the control point use the client
process [15].

The client process provides following functionality to the
UPnP control point:

1. Initiation of the Web service invocation,

2. Get invocation results and provide them to the control
point.

The server process contains two threads: The first man-
ages the client process request, the second the Web service
invocation. The first thread is listening to the client process
requests. If a request is received, the thread validates all rel-
evant parameters, security aspects, etc. and sets a flag, if the
validation is successful. The second thread controls the flag
status permanently. If the flag was set, the thread manages
the Web service invocation. For this purpose, the thread
uses the Web service adaptor, which provides Web service
method invocation and getting invocation results. After the
thread has received the result, they will be send back to the
client process, via the associated socket. The server process
is responsible for following tasks:

1. Tasks of the first thread

(a) Accepting client process request. Is required, if
the client establishes the connection first.

(b) Controlling periodically, if a client request is re-
ceived. In this case the thread validates (or ini-
tialize it) the request.

2. Tasks of the second thread

(a) Checking periodically, if a validated request is
available.

(b) Processing Web service invocations (using the
Web service adaptor) and sending invocation re-
sult to the client.

The advantages of using the client and server process are
obvious: A Web service can be protected by a company
by limitation e.g. the number of clients invoking the ser-
vice. That means that the Web service is not responsible
for security res. access authorization validation, but rather
developed for its intrinsically work. In addition, if the lo-
cal subnet is protected by a firewall, only one host (running
the server process) of this network can receive the client re-
quests. The server process can then validate all parameters
(or initiate further validation) and process the Web service
invocation.

3.3 Aspects of marshaling and unmarshal-
ing

Parameters and results must be converted to correspond-
ing data types in the following cases:

1. Mapping data types, if a Web service shall be invoked
from a UPnP subnet,

2. Mapping data types for the transport between subnets.

Within the first case, the Web service is located in the
Internet. The Web service invocation will be invoked by a
Web service adaptor. This got, among others, a parameter
which determines the desired data type into which the result
of the invocation will be converted. With this information
it can be used and yield in the UPnP subnet at a control
point. The parameter values for the Web service method
(and compulsory Web service parameters) will be served in
an alphanumeric data type (in object oriented programming
languages, encapsulated in a object, e.g. the String object in
the language Java) and further processing and converting in
the respective Web service method. If the Web service result
is a primitive data type encapsulated in an object, they can
be converted to a primitive data type (if required).

In the second case, the Web service is located in a pro-
tected subnet. For invocation, the client process will be
used. The desired data type where the invocation should be
mapped to, will be specified. All compulsory parameters for
the server process, will be transferred in an alphanumeric
data type. The server process applies these parameters for
their validation. The invocation result will be transferred
back in an alphanumeric data type and is then converted by
the client process, into the determined data type.



Figure 4. Client Server process communication

4 Service Mapping between Web services
and UPnP

This section describes an audio/video architecture,
which integrating UPnP devices by extending their capabil-
ities with Web service concepts. The A/V architecture was
developed in the context of the SIRENA project [1].

4.1 Problems within an A/V Scenario

Using the UPnP Device Architecture [9], a number of
standardized device protocols are provided, describing a
specific set of similar devices. Currently, there have been
published UPnP Device Profiles for A/V appliances and for
Internet firewalls (included in DSL access combos). Also
available, as originally intended, are profiles for shared net-
worked devices like printers, scanners etc. The architecture
for A/V is defined for distributing digital audio and video
and uses multiple logical devices with a control point that
coordinates their actions and data exchange. It is charac-
terized by two device types: the Media Server, storing me-
dia content, and the Media Renderer, that renders (displays)
content transmitted outside the UPnP protocol. In the case
of A/V appliances, the standard control point has a user in-
terface, from which the selection and playing of A/V media
is controlled. If there are more than one control points op-
erated by different persons, any operational and resource
conflicts can be settled out of band. As UPnP is targeted to
zero-configuration, it is restricted to the broadcast range of a

subnet. In the context of the SIRENA-Project, the A/V en-
vironment needs overlapping resources, and consequently
access to UPnP devices in different subnetworks.

Available UPnP Stacks are restricted to one subnetwork
which will be controlled by a control point. Control points
and UPnP devices can overlap but there is no possibility
of central coordination of the overall system [6]. In 4.2 a
subnet rested A/V streaming architecture was developed.

4.2 Integrative A/V Architectures

Within the SIRENA project [1] a experimental platform
for large A/V environments was implemented, integrating
UPnP devices and extending their capabilities with Web
services concepts. Fig. 5 illustrates the distributed video
streaming scenario. An autonomous system and presume
several subnetworks which are interconnected with RSVP-
enabled routers were considered.

As mentioned, the discovery limitations of UPnP do not
allow inter-subnet communication. Furthermore it is also
not possible to extend UPnP services or to add own A/V
related services. Moreover it is desirable to include existing
UPnP devices when designing further services. Therefore
a Media Control Application (MCA) which is running on a
PC or set-top box we introduce and acting as a supernode
for UPnP Server and UPnP Renderer [6]. The following list
describes the subnets components [4]:

• Media Control Services (MCA): Provided as a cen-



Figure 5. A/V UPnP-WS Integrative Architec-
ture

tral control instance, running as a device. A Media
Control instance may be considered as a WS-enabled
management instance for devices. The MCA commu-
nicate with each other using Web services on a peer-
to-peer basis.

• Global Media Information Data Base (GMIDB): A
peer-to-peer interconnected service managing content
references for the whole network. Each subnetwork
maintains one GMIDB instance which provides this
information service via Web services to one ore more
MCA in its subnetwork.

• User Interface (UI): Also connected via Web ser-
vices, the user interface is decoupled from the MCA
in order to be able to run on any device, e.g. a hand-
held, mobile phone etc.

The replication service in fig. 5 will replicate media in
such a way that there is a high probability that a user who
wants to see a media will have a path to the server con-
taining that media that has the necessary resources. Thus,
there is a lot of concurrency in this network, where the me-
dia replication service replicates media or tries to remove

replica, while the user will select media from different sub-
networks. Playing the media is performed by existing UPnP
devices [4] (UPnP Renderer). In future versions these de-
vices could be controlled via Web service interfaces too.

5 Conclusion

Within this paper we proposed techniques to overcome
the limitations of UPnP (visibility of services from outside
the subnetwork and extensibility). An instantiation of these
techniques is described in an audio/video scenario where
UPnP services in several subnetworks are interconnected
with the help of Web services.
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