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Abstract

The paper provides lightweight client support for disruption tolerant end-to-end optimized video
streaming. The client prototype consists of two main components: first, the video player interacts
with the user for explicit and implicit user-defined QoS attributes. Second, the stream load
balancer adaptively handles the pre-fetching of the video stream on the client for different modes
of device and connection quality parameters and notifies the video player to decode the correct
video stream sequence. We show that new generation mobile phones can provide flexible video
streaming capabilities with reasonable quality of service for users in a manner that is independent
of the platform.
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Abstract - Video streaming in mobile environments is a enabled to read or display the data. Secondly, a redundant
very complex and challenging problem. It requires the control copy of the original data can be provided for every type of
of scarce computing resources on mobile devices, such asygpiie device, and thirdly, one can process the data on the
mobile phones, to maintain the best possible application and : g .
service performance. Adaptation can be caused by changes inS€MVeT and_prowde them in a Cl_lent-readable format. Because
workload, available resources and/or new quality of service Mobile devices become more different and storage of data for
(QoS) requirements by the user. This paper presents a flexible every client is not an option, this alternative is not realizable.
approach, which adapts to the different application modes Furthermore, the growing dissimilarity of the more and more
triggered by the resource environment and user requirement yaq,cad devices eliminates the possibility of finding a standard

for video streaming on mobile java enabled phones. We provide f I it H h add th bl f
lightweight client support for disruption tolerant end-to-end or all items. Hence, our research aadresses the problem o

optimized video streaming, which is realized as a prototype in a dealing with the data which are sent to different clients by a
platform independent J2ME environment. The client prototype server. We will present an adaptive service that processes the

consists of two main components: first, the video player data to the client and administers functions such as storing,
interacts with the user for explicit and implicit (application and pre-fetching, retrieving, and adapting of media content [1].

device-specific features) user-defined QoS attributes. Second, th bine th tabilit ith tical |
stream load balancer adaptively handles the pre-fetching of the 'O COMDINE the presentability with a practical example, we

video stream on the client for different modes of device and focused our research on video streaming applications.

connection quality parameters and notifies the video player to In the followi h dh to th fi f
decode the correct video stream sequence. Simulation results n the toflowing paragraphs, we adnere 1o the question 0

from our prototypical implementation show that new generation hOW to transport the data (stored on a server) to a mobile client
mobile phones can provide flexible video streaming capabilities and how to process and display the video data effectively
yvith reasonable quality of service for users in a manner that is to fit the constraints of the device. First, we developed a
independent of the platform. media player which works on nearly every new generation
Keywords - Mobile Applications, Mobile Video Streaming, mobile deViFe‘ An XM_L catalog file containing the video
J2ME, Quality of Service format specifications will be held on the server. Clients may
download this catalog and decide to download a file via the
HTTP protocol, which supports streaming technology. On the
I. INTRODUCTION server side, we store the video files and they will be converted
into a client readable video format by a subjacent layer. This
1yer contains an adaptive service. This service decides how
0 process the data to the mobile client. It will also be part
f the client side and will build the key element of our
evelopment. Furthermore, we will discuss several techniques
éﬂc pre-fetching of lost video frames, as mentioned in [2].

Video streaming on mobile devices was not very importa
in the past because the second generation of mobile com
nication systems did not fulfil the need for high data rate
With the increasing distribution of innovative technologie
like UMTS in Europe, cellular providers have the possibilit
to offer their customers many real time applications, su
as video streaming or television on demand. Heterogeneousn the following section, we set the context of our work
mobile devices avert data to be simply sent from a server tdg briefly introducing the technologies we will be refering to
mobile client. These clients may differ in computational powefnamely XML, HTTP, J2ME and QoS). Section Il presents
supported protocols, memory size, or display size and caple architecture and components in the context of the ex-
bilities. Due to the fact that computational power rises abowsting technological framework. The prototypical realization
average and size decreases proportional, the heterogeneitghafwn in Section IV provides a description of our adaptive
mobile devices will grow continuously. lightweight client by means of a working and evaluated

There are three different methods to describe or shqgwototype example. Section V subsumes our approach to other
data on a mobile device sent by a server. First of all, omesearch. Concluding remarks are drawn in Section VI by
can modify every client in such a way that the devices agiving an outlook on further research activities.



TABLE |

ll. SETTING THE CONTEXT MOBILE CLIENT QOS FARAMETERS

We are considering the context, in which a possible mobile

device requests a video from a server. Since the server is | Parameter Description .
unable to have an a priori information about the client features, Display Size Number of pixels on display
. . . Color Depth Number of colors displayable
SI_Jch as number of colors, yvorklng resolution or size of the Memory Size Size of storage
display, the server and the client have to exchange this relevant | CPU Performance | Speed of processor .
information. We use the HTTP protocol (as described in the Connection Quality| Network connection quality
Video Type Video stream type, e.g. mpeg, 3dp

next Section) to communicate because it is an existing standard
which is implemented on most mobile devices of the newest
generation.

Afterwards, the client requests an XML catalog stored

cmobile devices differ from the reference implementation of

the server. This catalog contains information about the vide@:m Microsystems W,ith the result of some incompatibili;y.
their formats, and specifications. The client chooses one 0f¢ architecture consists of three layers: Java Virtual Machine,
the videos (which is listed in the XML catalog) and asks theonfiguration, and profiles, which are explained in detail in [7].
server to send the video file using an adaptive service (will be _ )

explained in Chapter three). The protocol that is being used k&, Quality of Service (QoS) Context

again, HTTP, due to the fact that it provides important featuresQuality of service issues have been the topic of several
like video streaming functionality. research studies and standardization efforts during the last
A. Hypertext Transfer Protocol (HTTP) years [8]. In particular, guaranteeing dependable and adaptive

, QoS models has become an important factor for dynamic
The Hypertext Transfer Protocol (HTTP) is a protocol fogyjication environments [9]. In our lightweight client ap-

distributed, collaborative, hypermedia information SyStemﬁroach we need to identify the relevant QoS parameters
HTTP is also used as a generic protocol for communicaligfy the yideo streaming application objects [8]. Server ser-

between user agents and proxies/gateways to other Intefjebs networks, and devices can be subject to different QoS
systems. In this way, HTTP allows basic hypermedia acc&Sgameters. Thereby, we focus on the client device QoS
to resources available from diverse applications. F“rthermob%rameters presented in Table 1-D. The parameters can be

HTTP is a request/response protocol which is explained dfyectly checked by the mobile device. Thus, the client itself

detail in [3]. can determine dynamic dependable adaptation to change run-
In our case, we use the HTTP protocol because of it

] i g 'ltl_%e configurations with respect to individual QoS objectives

standardized communication and streaming technology. Tf[lﬁ)], [11].

enables us to start transmitting streaming video data and to

stop and resume transmitting on a pre-set position. 1. PROTOTYPEARCHITECTURE

B. Extensible Markup Language (XML) This Section describes the client prototype architecture and
The Extensible Markup Language (XML) is a simple, veryts main components. Figure 1 summarizes the architectural

flexible text format derived from SGML. Originally designedand general technological context. Section IV then shows a

to meet the challenges of large-scale electronic publishingncrete implementation of this framework.
XML is also playing an increasingly important role in the

exchange of a wide variety of data on the Web [4]. XML
describes the content in terms of what the data is that is being Mobile Client Server Services
described and it is 'extensible’ because, unlike HTML, the
markup symbols are unlimited and can be user-defined.

We use XML because it is very easy to add new attributes ‘ Video Stream Player ’
to an XML file. In our case, an XML catalog contains all T
the video information and each video may have different
attributes [5]. Other advantages of XML are that XML is able
to store structured data in a text file, that allows syntactical
and semantic validation of a document and many XML parsers
are available for free.

Video Client Application

Video Stream Load Balancer Application

JSR 135: .
Mobile Media API Java 2 Micro Edition Application Server

Middleware
MIDP 2:
Mobile Device Profiles I

Operating System
Content Service

e
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Operating System
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C. Java 2 Micro Edition (J2ME)

J2ME, which is aimed at low memory consumer devices,
provides a runtime environment for applications implemented
in a stripped-down version of the Java language. Applications {
written in this Java dialect can be used on most phones
of the newest generation [6]. The implementations on the Fig. 1. Architectural Client Framework




A. Architectural Client Framework features and explain current problems and their solutions by
gsing this approach.

As mentioned in Section Il, the mobile client is situate : ; ) L
First of all, the client has to detect some of its properties like

in a dynamic and heterogeneous mobile context. Various ] ) ) :
server services can be accessed by the mobile device throfli5ip!2Y Size, color depth, display resolution, and memory size.
specialized communication channels. The client device offd/0St of the newest generation mobile devices are equipped
specialized applications to access communication channels ¥ multimedia memory cards; the storage size of these

service providers. Predominantly, video streaming is solvé?('i“dS increases consi_stently. This plays an important role
in a platform dependent manner by adjusting the mobilB ©Ur Proposed solution approach and the assumed QoS

application to the client operating system. The Java 2 Micf§auirements. , _

Edition offers an API framework to access the functionality All Of these properties are needed to inform the server of

of the client operating system and device. The video cIieﬁ'ie spe_cn‘led format the client wants to receive and especially
application uses the J2ME environment to address the ne t size the data packages must not exceed to prevent a

of the application and to access the mobile device resourcBmory overflow. The server converts the source video using
the client’s parameters and starts sending the first part of the

B. Video Client Application video file.
If the client has received sufficient data to display the first

1) Vi tream PlayerThe vi tream player is re- i . . . . X
) : deo Strea ayer.'ne deo stream player is re art of the file, it starts displaying the video in an independent
sponsible for the communication between the user and the

client device. Moreover, the player provides an explicit anQread. Simultaneously, a second thread is activated by the

o ) . . . stream load balancer and starts pre-fetching the next video
implicit quality of service based (QoS) graphical user mterfa(%ﬁe segment. Depending on the bapndwidth ofgthe connection

(GUI). Explicit communication allows the user to control th? e balancer has to check and edit the file size repeatedly

video(s) directly through a common interface. The user is ahle revent stooping the displaved video on the client. If the
to select, start, stop, and resume a video. In addition, the vi SoP ppIng play '

L : andwidth or the connection quality is reduced by external
layer implicitly allows to request video streams that do n .
play plcitly q 5 ents the data packets will have to be reduced, as well.

depend on user control. Device-specific GUI parameters liR&C" : . SO
P P P Since the memory size of each mobile device is limited, our

resolution type or color depth are automatically sent upon tive service has to start a memory size-dependent garbade
video request. Furthermore, user preferences, like a recertRy P ; ory 'ep 9 9
lection. The service starts overwriting the video data in each

used or viewed video list are stored by the video player fﬂread after it has been displayed completely and the other

re-select the services offered. i . .
P i . _thread has completed the pre-fetch and is ready to display its
2) Stream Load BalancerThe stream load balancer is a ! . . . .
data packet. The memory size used in mobile clients increases

layer situated below the application layer on the client side ) :
which contains the video player. This manager is responsi ermanently and we assume that the client may write at least
: VB of data (for each thread) on its memory.

for session management and provides an adaptive SCVIC®rhe user should be able to view the video file on a free

which decides on the use of the offered services delOemjisneqectable start position and at the last stop position respec-
n the environment. In this chapter, we will discuss both k P PP b

%K/ely. Therefore, the client stores the video stream position
before starting the garbage collection in a file and puts it in a
memory area (e.g., in the internal device memory and not on
the memory card), which will not be overwritten by the video
| data. This guarantees that error handling and fault recovery is
| done appropriately and effectively.

| Generally, we have to differentiate between forced and
1114 Init Threads) : unforced interruptions. On the one hand, the forced inter-

|

|

User | | YideoPlayer Streaml oad ProxySetver
Balancer

I
| 1:Initi Play) ’i |

I
1.1 Request Video) |

] ruption might be a user who wants to stop viewing or abort
downloading the video. The video position is then stored in a
Mequeswid%(@ns)( file and Fhe user is at_)le to resume (or restart) video streaming
= at any time. If the video is aborted by the user the part of
E the video that has been downloaded so far will be erased.
While playing the video, the garbage collection starts erasing
the segments of the video which have already been displayed
and frees memory on the client.
| astpg T L] On the other hand, the unforced interruption may occur if
4.1: Garbage Collectioho the connection to the server is interrupted, e.g. by a low or
D| D| bad network connection. In this case, a fault and exception
[ handling function stores the last received video position in a
file and puts it on the client. If the user closes the application
Fig. 2. Client Prototype there is nothing to do until it is reopened; or the client tries to

T | 3: Motify Prefetchingd
[ 3.1: Show Movied
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Fig. 3. Menu Sequence of the Video Player Prototype

reconnect to the server and to resume the video stream atdbe/nloading the catalog information, and for playing a se-
last stored position. In the case of an unforced interruption, tlected movie. The StreamLoadBalancer class holds all the
client discovers its environment again, especially the qualifynctional aspects and requirements to handle the streaming
and bandwidth of the new connection. The client could faf the movie during run-time as shown in Figure 4.
example be equipped with a WLAN adapter and in reach of
an access point. If so, the client has to request the video d&ta
in smaller data packets because the available memory fills uprhe experimentation and simulation studies are set up as
more quickly. follows: Several pre-selected video streams with different sizes
Figure 2 shows the standard use case of a user-fordadnich are big enough not to be stored on the mobile phone in
scenario in our prototypical implementation. This is presenté@iie piece) are offered by the video service to be transmitted to

Simulation and Evaluation

in the next Section. the mobile client. The QoS requirements for the mobile client
are detected before request. In our experiments we infer about

IV. VIDEO STREAMING PROTOTYPE the video player and connecting status for simulating forced
A. Prototype Environment ;annodd#ir;?rced interruptions. The other QoS parameters are not

The prototype has been implemented for limited mobile we present the following experiments in which the user
devices (such as mobile phones) with a J2ME runtime efequests the best possible service quality:

vironment. Our approach focuses on the development phasgy giatic run: The video player has been tested for different
sta_rtmg with a genenc.apphcatlon .development _enwron_ment. device settings with regard to the best possible QoS
This allows an appropriate adaptation and experimentation for parameters, such as best connection, highest CPU usage,
different devices, connection, and functionality settings. Figure 4= The file size was varied from 10MB to 100 MB. The
3 shows the GUI widgets for the prototype video player. experiments have shown robust and good performance
The prototype has been implemented with Eclipse SDK in ¢4, handling large movie streams.
combination with the EclipseME plug-in, which allows us 10 5y |nterruption run: The same setting as before except
develop our application on sever_al devices, such _as_Sun’s Wire-" ihat the connection was interrupted by the user during
less Toolkit (WTK). The WTK gives us the possibility to run live streaming and restarted at the same position or
and debug mobile applications on the platform-independent e connection to the server broke (simulated). Thus,
Java architecture. Besides that, we decided for the Nokia he client stopped playing until a reconnection occurred
Prototype SDK to test the application’s behavior in a realistic ;4 the video stream continued playing at the end of
environment and chose the Nokia series S40, S60 and S80 i he proken connection. The experiments showed that
this context. To access the movie catalog and the movie itself, according to the device characteristics (especially local
we used the HTTP protocol on the client and server side. It storage), the user will not experience any unforced
supports useful features like resuming downloads. The great gisconnection error for a reasonable amount of time.
advantage of this choice is the full support through MIDP on
the client side and the easy implementation on the server side V. RELATED WORK

using an Apache webserver. Video streaming on mobile devices using J2ME is a huge
challenge for developers. Those devices do not support plat-
form neutral video streaming, because they depend on native
The components have been implemented in specific Jarghitectural requirements. We addressed our work to present
classes, as presented in Figure 2. The prototype video plagesolution, which works for all Java-enabled mobile devices.
contains the GUI structure for selecting the offered serviceSpme manufacturers, like Nokia, deliver their products with

B. Components and Functionality
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Fig. 4. Prefetching of Video Player during runtime

non Java-based players with streaming ability such as Ré&aure work we will study our experimental work in real-life

Player by Real Networks [12].

Prefetching video data was discussed by Fitzek and Rei
[13]. They proposed a protocol to handle the pre-fetchin
mechanism depending on the error rate of the wireless links:
We do not consider transmission errors and focus on pre-
fetching for different device settings in case of interruptions. In
[2], pre-fetching is seen as a suboptimal alternative for videg]
streaming. Liu and Nelakuditi assume that a service would
have to hold the necessary memory permanently. In our setting]
we have to fill the stream buffer if the first part of the video is
displayed, our adaptive service detects the free memory size]
and changes the size of the video data packages and buffér
allocation. [6]

Several research studies on video streaming closely relate
to our work. [1] and [14] presented adaptive services for Qo
settings and context awareness. They focused on the dev
specific encoding of video streams. Architectural frameworks
were proposed in [15] and [16]. The key requirements for
mobile services in heterogeneous environments were ident
fied. Our work can be considered as a realization of these
papers for platform-independent video streaming. Using a
CORBA middleware approach as in [17], the control of Qogo]
in multimedia application environments is addressed.

]

VI. CONCLUDING REMARKS [11]

We presented a platform-independent adaptive approach
for mobile devices to process video streams with regard !
various QoS requirements. We showed that our approach fulfhd
the set objectives, which were to create an adaptive service
on the client side and provide platform independence. THé!
latter allows us to port our results on any newly introduced
Java-enabled mobile device in the future and to improve our
prototype successively.

First, we defined the research environment and introduc’d
our prototype’s architecture on the client side. After that,
we developed a video streaming prototype derived from this
architecture, which shows the practical relevance and uti|i%l6]
of our theoretical model. Last, we set our work in relation to
former research.

Currently, we are working on several extensions to tHe"!
video streaming prototype, like increased QoS support for all
QoS parameters or more adaptive disconnection policies. In

scenarios and environments.
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