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Abstract – Multimedia content repurposing is a new challenge in
distributing multimedia systems due to the heterogeneity of client
devices and their network connections. This paper addresses the
problem of heterogeneity and proposes a solution that uses a series
of repurposing proxies in a chain fashion. In order to find the best
scalable repurposing service among those proxies, two modified
versions of the shortest path selection algorithms have been
implemented. The scalability of the services has been measured in
terms of user satisfaction. An implemented java-based prototype as
well as computer simulation results shows the viability of our
approach.
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I. INTRODUCTION
The unprecedented growth of ubiquitous communication
infrastructures, multimedia coding standards, and pervasive
computing technologies has allowed access to personalized
multimedia contents ubiquitously. This growth comes with an
increasing heterogeneity of client devices as well as user
preferences. The client devices range from PC to PDA, which
have different device profiles in terms of resolution, power
and memory. Therefore, the heterogeneity of clients and their
ubiquitous connections pose new challenges in the delivery
and presentation of rich personalized multimedia content to
users according to their preferences at a desired scalability
level. This heterogeneity problem can be solved through
content repurposing.
Content repurposing refers to the conversion process by
which multimedia content that is originally designed for a
particular device, platform, or user, is transformed to fit other
devices, platforms, or users [1]. Sometimes, it is
interchangeably referred as content transcoding or adaptation,
which means conversion of one format into another format.
This conversion or repurposing can be related to a coding
standard (MPEG to H.263), a coding parameter (e.g. frame
rate, bit or spatial resolution), and/or personalization (e.g.
based on the user or natural environment profile).
Depending on the location where the repurposing takes
place, content repurposing can be classified into three
categories: server-based, client-based, and proxy-based. In
the server-based approach [11], the content server is
responsible for performing the trans-coding; the content
provider has all the control on how the content is trans-coded

and presented to the user. A server-based adaptation does not
scale properly for a large number of users and it requires a
high-end content and delivery server to handle all requests.
As for the client-based approach [12], the client does the
trans-coding on the fly (immediately upon receipt). The
advantage of this approach is that the content can be adapted
to match the characteristics of the client exactly. But, at the
same time, client-based adaptation can be highly expensive in
terms of bandwidth and computation power, especially for
small devices with small computational power and slow
network connectivity, with large volumes of data that might
be wastefully delivered to the device to be dropped during
repurposing. In the proxy-based approach [1, 13-16, 18]; the
proxy server is located on the network between the server and
the client. The proxy, which makes requests to the server on
behalf of the client, receives content responses from the
server, analyzes and repurposes the requested content on the
fly, and finally sends the repurposed content back to the
client, based on its capabilities. Proxy adaptation has a
number of benefits [4], including improved opportunities for
proxy caching [2, 3], improved client-perceived latency,
leveraging the installed infrastructure, and scaling properly
with the number of clients. It also provides a clear separation
between content creation and content adaptation. Therefore,
the proxy based approach is a better solution for the
successful distribution of multimedia content based on the
user and device profile.
Due to the nature of the real-time rich multimedia content
and its high complexity of repurposing, the proxy-based
repurposing approach [2, 10] is the most suitable one. To
reduce this complexity, a series of repurposing proxies can be
chained together [17, 20]. Now the issue is to find the best
sequence of repurposing paths, between the sender and the
receiver that can maximize the scalability and is renderable to
heterogeneous clients. This can be done through using a
proper path selection algorithm. The algorithms proposed in
this paper use the scalability factor (user’s satisfaction) in
terms of repurposed content quality as the optimization
metric for the path selection function. The proposed work is
different from that of the work in [20], in selecting and
creating a sequence of repurposing paths to match the
capabilities of the sender and receiver. The performance
analysis we conducted shows that our approach is more
scalable [8] in terms of the user’s satisfaction and in selecting
repurposing paths based on the end result. Before developing

a real prototype, a java based computer simulation is
implemented and tested, using two algorithms, in order to
check the scalability. The performance result shows the
viability of the system.
II. PROPOSED RESEARCH
The primary function behind content repurposing is to
enable a diversity of client devices, with different restricted
capabilities, to access personalized multimedia content.
Personalization refers to the repurposing based on the user’s
preferences, and locations. Device constraints and
heterogeneity are not the only limiting factors for the
successful
distribution
of
multimedia
content;
personalization, and scalability (i.e. user’s satisfaction) are
also essential for the successful distribution of multimedia
content. Therefore, during the design and implementation of a
personalized multimedia repurposing system, attention should
be paid to the issue of personalization in terms of the user’s
satisfaction.
A. System Architecture
The proposed system architecture shown in Fig. 1
comprises the following three key components:
Server: The multimedia content server holds or collects all
the profiles such as the user’s preferences, services provided
by the server, the client’s capability, proxy information and
network characteristics. Upon connection with the proxy, all
profiles are created in the XML format. [Appendix B:
example of a profile]
Proxy: Proxies communicate with both the server and the
clients. Repurposing proxies may contain a number of
repurposing services. The scalable, shortest path algorithms
find the appropriate path among the proxies and repurposing
services.
Clients: The heterogeneous client ranges from PC to PDA,
which receives the final repurposed multimedia content.

service stops, the reception port of the proxy is freed and the
repurposing object is destroyed. A stream can pass through
multiple proxies and repurposing services, and if necessary, it
can pass through the same proxy twice, using two different
repurposing services. However, it cannot use the same proxy
twice in a row in the repurposing chain. The initial
connection between the client and the server is created using
the SIP protocol, which is described in Fig. 3. The client
sends its device information. Once the server has the client’s
information, it requests the information from all the proxies it
knows. The server continues requesting information from the
proxies for as long as it still finds proxies. Once all the
information has been gathered, the server generates the graph,
and finds the best scalable path based on the scalability factor
using SDP (Service Discovery Protocol). The server then
sends the path information and the stream to the first proxy in
the chain. The proxy, upon reception of both path and stream,
creates the repurposing service and sends the rest of the path
(with its own information extracted) to the next proxy in the
chain. The repurposed stream is also sent to the next proxy.
The last proxy in the chain simply forwards the results of its
repurposed contents to the client.
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Fig. 2. Sequence diagram for the overall repurposing system.

Fig. 1. System architecture.

B. System Functionality
The system functions are described in the following
sequence diagram as shown Fig. 2. When the repurposing is
requested each proxy can create a number of repurposing
services on the fly. Once streaming through a repurposing

Initially the server sends a SIP invite message to the client
containing the available ports and the IP of the server. The
client replies with a 200 OK message to which it adds its
device information – capabilities and the IP of the devices.
Once the client information is received, the server writes it to
an XML [Appendix -1] file in order to store the client’s
profile. The server then connects to each of its neighboring
proxies, and from each it requests the main information file
of the proxy (which contains the proxies’ neighbors), the
repurposing directory of the proxy and each of the
repurposing services specified in the directory. Once the
information from all the proxies is received, the server
calculates the best path, and starts streaming the captured
video through the chosen proxies and repurposing services
using the Real Time Protocol (RTP) [26].

C. Scalability Measure and Evaluation
After the creation of the profiles, scalability criterion is
computed using an equation (3) and a scaling path is
constructed. The path selection algorithm finds the
appropriate optimal scaling repurposing path between the
sender and the receiver based on the scalability metric.
User

Server

frame rate, we have selected a number of properties that
could be used for each type of standard. In order to simplify
the work even more, a table is chosen for the video standard
and another table for the audio standard that will specify the
bandwidth required for different standards with different
parameters. By observing how the bandwidth changes for
different parameters, we then interpolated the bandwidth
required for the given values.

Proxy

In this paper, scalability is determined based on the user’s
preferences, which are the perceived frame rates. This
scalability (k) metric can be computed by using the following
equations:

1: SIP Invite

2: Get local SDP information
3: 200 OK, SDP information

4: Save remote SDP information to XML

5: Get proxy's neighboring the Server
6: Repuposing information
7: Repurposing info reply

8: Parse Repurposing information

C=

A / S , Br = C .B

Fa = (Bs / Br )× Fmax
1
k=
× Fa
Fmax

(1)
(2)
(3)

9: Repurposing directory
10: Repurposing directory reply

11: Parse directory
12: Repurposing [name]
13: Repurposing [name] information reply

14: Caculate graph and path

Where, A and S are the resolution of the video stream and
the stored video standard (e.g. H263, MPEG-4) respectively.
Also, B is the stored video’s bandwidth, Bs is the available
bandwidth for the video stream, and Fmax is the available
frame rate for the video stream.

Stream through chosen transcoders

D. Repurposing Graph Creation, Simplification and Path
Finding
Fig. 3. Sequence diagram for the SIP communication.

The description of repurposing services is mentioned in
the repurposing profile [Appendix B]. This profile contains a
copy of the list of inputs (e.g. different formats, standards)
that the repurposing service can accept and a list of outputs
(e.g. formats, standards etc.) that the repurposing service can
create by repurposing one of the inputs. Again, for
simplification it is assumed that any of the inputs can be
repurposed into any of the outputs. Both inputs and outputs
are described using the MPEG-7[25] content descriptors. For
example, the repurposing service can send MPEG-4 with a
resolution of 352×240, and a frame rate of 30 fps as input,
and it can receive H.263 with a resolution of 88×72, and a
frame rate of 10 fps as output.
Scalability is the ability of a system to operate in a
satisfactory manner in different scales where satisfactory
implies a desirable quality of service [19] in terms of
throughput and frame rate [9]. In our implementation,
scalability metric k = 1> Fmax=30 fps (frames per second) has
the range of 0 to 1. Thus, the scalability function is a linear
function that grows between 0 and 1 for the domain [0.30],
and then becomes a constant function with the value of 1 for
the values higher than 30. The frame rate itself is also
calculated as a function that depends on the multimedia
compression standard and the available bandwidth between
neighboring computers. In order to be able to calculate the

After computing the scalability metric, an acyclic
repurposing graph is created and simplified by ensuring that
no infinite loop exists. After simplification, the next step is to
find the series of repurposing services that provide scalability
(user satisfaction) to the receiver. This is done by successive
comparisons of edge costs, which, for this application, is the
scalability metric. As the scalability depends on the content,
the repurposing selection algorithm should always compute
the scalability in terms of user satisfaction after selecting
each repurposing service towards the scaling path.
Algorithms, which are used to find the best scaling path, are
the adapted versions of Dijkstra’s shortest path algorithm and
Bellman ford’s algorithm. RPS_1 and RPS_2 as described in
[Appendix A], are the modified versions of Dijkstra [7] and
Bellman ford [5] respectively. The algorithms are modified in
order to incorporate them into the multimedia repurposing
system. In the algorithm, scalability (weight) has been
maximized instead of minimizing. After execution of the
algorithms, both algorithms generate the best scaling path
from sender to receiver and, at last, scalability is computed.
III.

RESULTS AND DISCUSSION

The main goal of the scalability performance comparison
is to show that the scaling selection algorithm demonstrates
efficient means for personalized repurposing. After the
implementation of the algorithms, computer simulations are

conducted. The tests are conducted 20 times by using 15
proxies and 50 different repurposing services. The time is
measured in order to generate a repurposing graph and to find
the path for a service. The tests are conducted for different
proxies’ ranging from 1 to 15. The followings are some
measured findings:
• Only the number of repurposing services determines
the time required to create a repurposing graph and
to calculate the path. For a test with 20 repurposing
services running on 8 and 9 proxies, the average
graph creation time is 1525 milliseconds and 1575
milliseconds respectively. Therefore, increasing the
number of proxies does not influence a lot on the
time needed to create a repurposing graph.
• The RPS_1 is more scalable than that of RPS_2
shown in table 1, as users are more satisfied with the
result of algorithm two.
Table I. Performance comparison using 15 proxies and 50
repurposing services.
RPS_1

RPS_2

Maximum Scalability

0.66

0.53

Average Graph Creation
time (msec)

2032.41

1993.75

Repurposing Path
Finding time (msec)

10

11

•
•

The path finding time in both of the scaling
algorithms is almost 10, however in [20] it was
approximately 500ms.
With the increase of repurposing services (nodes),
the graph creation time also increases which shows a
linear relationship [2] as shown in Fig. 4.
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After testing the algorithms’ performances, a real
prototype for a multimedia repurposing application system
has been implemented. This prototype is built using Java
because of the code portability. In this prototype, the
repurposing selection algorithm is incorporated into the
server in order to generate a repurposing graph and find the
appropriate repurposing service from sender to receiver. The
list of services is created as a long string that holds, for each
service, the type (audio or video), the format, the properties
of the format and the IP address, and the port number of the
service. Since the scalability selection algorithm is used on
the server, the client no longer needs to determine which
service is the best; the client only needs to send all available
services to the server. The details of creating a scalable proxy
path has been discussed in Section II.B
The implementation is done using Java Multimedia
Framework (JMF) [21] for the repurposing and streaming of
the multimedia content, Session Initiation Protocol (SIP) [22]
as the signaling protocol between the two different clients
and Service Discovery Protocol (SDP) [23] for the service
discovery with a wireless connection. The testing application
comprises of one server (PC) for sending, two (PC) proxies
and one client PC.
The application shows very good results by taking a video
stream of 1000kbs and repurposing it to 30 kbs, by changing
the format from M-JPEG to H.263, this causes the final
resolution to be reduced by half of its original one. The video
quality is very good. The real time implementation for the
PDA was performed but the quality was a little bit worse than
the PC.
It is found that our approach is valid and it would not take
too much time to determine the repurposing path and to
stream the content through a large number of proxies.
Although the path-finding algorithm requires some time for a
large number of proxies, this approach shows that content
repurposing is a valid solution to the problem of
heterogeneity. The repurposing time was very small for each
proxy and the final content required a much smaller bit rate
than the original one. Sometimes the reduction in the bit rate
for the repurposed content was more than ten times that of the
original content.
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APPENDIX –A
Repurposing Path Selection Algorithm (RPS_1):
1.
2.
3.
4.
5.
6.
7.
8.

Let VS = {Sender} be the set of all visited repurposing
service. Let UV be the set of all downstream neighbors of
Sender.
If UV is empty, then TERMINATE (FAILURE).
Compute the perceived Scalability (frame rate) for the
repurposing services in UV
Select the Repurposing service Ri that has the highest
scalability, add it to VS and remove it from UV.
If the selected Ri is the Receiver node, then GOTO Step 8.
Add to VS all the Repurposing Service to which Ri is
directly connected.
GOTO Step 2.
Print Repurposing path from the Sender to Ri.

Repurposing Path Selection Algorithm (RPS_2):
1.
2.
3.

4.
5.

If graph size is 1 TERMINATE (FAILURE).
Set Sender scalability=0; all other Scalability = -∞
Loop n times where n = number of Repurposing Services
(RP) and for each iteration relax the graph:
a) Calculate for each Repurposing Service newweight
(RP) = max (weight (RP y) +weight (edge (RP y, RP)))
for all Repurposing Services (RP y) that have link
between themselves and repurposing service.
b) If newweight(RP) > previous weight (RP)
I. weight(RP) = newweight(RP)
II. add RP y to path node
Try and repurposing relax graph one more
a. If graph is relaxable TERMINATE (NEGATIVE
LOOP)
Print Repurposing path from Sender to Receiver

APPENDIX-B
Repurposing Service profile
<?xml version="1.0" encoding="UTF-8"?>
<rep_service xmlns:xsi='http://www.w3.org/2001/XMLSchemainstance'
xsi:noNamespaceSchemaLocation='file:///j:/ rep_serviceV1.xsd'>
<input>
<inputName>video/jpeg</inputName>
<iproperty>
<property>resolution</property>
<value>160x120</value>
</iproperty>
</input>
<input>
<inputName>video/h263</inputName>
<iproperty>
<property>resolution</property>
<value>352x288</value>
</iproperty>
</input>
<output>
<outputName>video/h263</outputName>
<oproperty>
<property>resolution</property>
<value>176x144</value>
</oproperty>
<visualQuality>
<videoFormat>H.263</videoFormat>
<Frame height="144" width="176"/>
</visualQuality>
</output>
<repurposeHardware>
<processor>
<processorName>K7</processorName>
<cyclesPer>700000</cyclesPer>
</processor>
<memory>256</memory>
</ repurposeHardware >
<proxyNode location=’file:///j:/AONIT09.xml’ />
</ rep_service >

