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Abstract

As a great many of new devices with diverse cajpiabilare
making a population boom, their limited displayesiZecome
the major obstacle that has undermined the usefsliné these
devices for information access. In this paper, mteoduce our
recent research on adapting multimedia content udiclg
images, videos and web pages for browsing on Siowali-
factor devices. A theoretical framework as welbaset of novel
methods for presenting and rendering multimediaeurinited
screen sizes is proposed to improve the user e The
content modeling and processing are provided asaiftion-
based web services on the Internet. Experiment& shat our
approach is extensible and able to achieve satisfacresults
with high efficiency.

1. Introduction

In the PC+ era, a variety of new computing deviGsgh as
SPOT watch, Smartphone, Pocket PC, Tablet PC, at,
making a population boom. These devices are begpmiore
and more powerful in both numerical computing aratad
storage. However,
displays are still the two serious obstacles tlzaehundermined
the usefulness of these devices in people’s everifta With
the rapid and successful development of 2.5G andvB&ess
networks, the bandwidth factor is expected to tEssstraint in
the near future. At the same time, however, thetdion on
display size is likely to remain unchanged for gaia period of
time.

Since most of the information on the Internet issented by
multimedia (web pages with embedded images andawdin be
considered a composite multimedia document), impgihe
experience of information access and browsing callsiisplays
is critical to unleash the power of these mobileidks. Existing
research directions to address this problem casidssified into
the following four categories:

e Trivial methods For example, direct down-sampling of
image or video in the spatial domain. This approaftbn
decreases the user experience since the resultsbmay
unreadable or unacceptable.

e Authoring multiple versions-or example, building separate,

dedicated mobile web sites for small devices. apigroach
results in burden on content management. Alsg, liard to
predict what devices will emerge in the market ahd
solution could be transient.
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e Re-authoring the content offline or on-the-fiyrhis
approach depends on the extraction of the origiealantic
structure of the content. Some success has be&wadtin
some areas but generally it is a hard problem Isecafithe
nature of reverse engineering.

« New formats which are scalable by themselUéss is the
most promising direction and has been adopted inyma
areas, such as scalable image and video codingevtow
the current research effort is less focused omptbblem of
diverse and small displays, and there is much sfaice
improvement on multimedia browsing techniques.

In this paper, we focus on latter two approachasesihey
are more preferred by content authors or consuniergact,
these two schemes are related to each other. Teemiediate
representation used in content re-authoring shbelddaptive
and flexible to the display size. Therefore, itlviie referential
when standardizing a new scalable format.

2. Related Work

So far only a few efforts have addressed the proldEbrowsing
large web pages on small terminals and little heenbdone for
images or videos. In the following, we will give lrief
introduction to the prior art based on the medjgetyhat the
content adaptation technique is designed for.

Typical web pages are designed for desktops withela
displays. When they are browsed on small devides, user
experience is unacceptable. Current approachexifgting web
pages can be divided into two categories: the frs¢ is to
transform existing web pages such as [3], while diker
attempts to introduce new formats and mechanisnts.wa
notice, few of current approaches considered therifies of
different parts in a page. What's more, none ofrthet authors
control the final layout conveniently. That is tays the final
presentation is usually unpredictable during thegieng phase.

Current digital cameras usually can take photos$ wibre
than 2M pixels. These photos should be down-samipledder
to be viewed on small devices like Smartphones. &l@w
people might hardly catch the information, e.ge tuman faces
and texts in these down-sampled versions. Quitewadfforts
have been put on image adaptation including JPEGMIREG
standards while proxy based image transcoding tss keen
studied for many years. Most of them focused onpressing
and caching contents in order to reduce the datssitnission
time. Hence, the results are often not consistatt fwuman
perception because of excessive resolution reductio



Though more and more mobile devices are capahiaging
videos, the limited bandwidth and small window sizemain to
be two critical obstacles. Currently, most videatdtion efforts
only focus on bandwidth constraints. None of theas ktudied
the impact of display resolution on the video brings
experience.

3. The Theoretical Framewor k

The following two observations are important to
development of our framework for optimizing viewebrowsing
experience on small displays:

Information Asymmetry Different parts of content have
different importance values. Thus, there exist®ptimal set of
content blocks when a screen constraint is givehis T
observation has its root in psychology communityds become
clear that not all but only a small part of incominisual
information can reach short-term human memory fmther
processing, i.e., the Attention as Filter Metaphéttentional
selection allows only attention-getting parts besented to the
user without affecting much user experience. Foangle,
human faces in a home photo are usually more impbthan
the other parts. Generally, most perceptible infirom can be
located inside a handful of objects and at the same these
objects catch most attentions of a user. As atethal rendering
of content can be treated as manipulating objectisrovide as
much information as possible under resource cansira

Flexible RenderingThe content layout should not be fixed to
a specific display size. In other words, the layshbuld be
optimized for each specified screen size. Therefeeeneed not
to design multiple versions for the same contentaaddition, we
should not restrict us to have exactly the samewsirg
experience as on desktop PCs. More advanced utsfane
technologies can be employed to improve the usgbili

In summary, a scalable content model
rendering algorithm are two essential issues tlatwould like
to address in our framework. Though different medgies may
need some customization, it is possible to developpmmon
content model to provide the basic operations foe t
optimization process. We will discuss this contemdel in the
following.

3.1 A Content Model for Small Screen

A piece of media contenP usually consists of several
information objectdB;. An information object is an information
carrier that delivers the author’s intention anttleas part of the
user’s attention as a whole. For example, it mag haman face,
a flower or a text sentence.

Since each information object has different impoctavalues,
we introduce propertyMP as a quantified value of author’'s
subjective evaluation on an information object.idtalso an
indicator of the weight of each object in contribut to the
whole information. This value is used when choosiegs
important objects for summarization under smalpldigs. The
importance values in the same content should bmalared so
that their sum is 1.

As mentioned before, the information delivery ofabject is
significantly relying on its area of presentatitfran information
object is scaled down too much, it may not be paioke

the

and a flexible

enough to let users catch the information that @nstlintend to
deliver. Therefore, we introduce minimal percegibize MPS

to denote the minimal allowable spatial area ofirdarmation
object. They are used as thresholds to determinetheh an
information object should be shrunken or summarindten
rendering the adapted view.

As regards to those information objects of lessartgnce, it
is desirable to summarize them in order to savelaysspace for
more important objects. Instead of deleting corstemtshowing
imperceptible adapted version, we introduce alteredALT) as
a substitute of the original content. It should ugngc less space
than the original information object.

Our proposed content model for small screen pratentis
defined as below.

Definition 1. The basic content representation model for a piece

of media contenP is defined as an unordered set of information
objects:

P={B} 1<i<N @
and
B =(IMP,MPS,ALT) )
where
B, thei™ information object irP
IMP;, importance value d@,.
MPS,  minimal perceptible size &
ALT;, alternative oB,.
IMP 0.3
MPS 5000
ALT “face”

Fig 1. An example of the content representation model.hén example, three
information object,B1, B2 and B3 are contained in the media contéht Each

information object has three propertiédP, MPSandALT. For objectB3, they are

0.3, 5000 and “face”, respectively.

The representation can be in a form of XML deswip and
saved as metadata within original content. An exanub the
content representation model is shown in Figurehere three
information objects are contained in the media eotR.

3.2 Presentation Optimization

We introduce Information Fidelity (IF) as an objective
comparison of a modified version of media conteiithwhe
original version. The value of information fideliig confined
between 0 (lowest, all information lost) and 1 (regt, all
information kept). It is defined as a sum of impoxte values of
existing objects in the adapted version. If an cibje replaced
by its alternative, its importance value will nog lincluded.
SupposeP' is the set of existing information objects in the

adapted version,PlD P:{Bl’BZ""BN}. Thus, the mission of

rendering phase is to find the det that carries the largest
information fidelity while meets the display coraits.

In order to ensure that all the information objexrts possible
to be included in the final presentation, followirgpace
constraint should be satisfied.



> size(ALT, )+ MPS, < Area

B,0P"

3
whereAreais the size of target area aside (x)is a function
which returns the size of display area needed\by. It says
that the space occupied by the information objemtstheir
alternatives should be smaller than the targetalsgrea.
If the constraint (3) is transformed to

> (MPS -sizgALT,))< Area- > sizgALT,)

B,OP' BOP (4)
the rendering problem becomes:
max > IMP; | subject b
P B,OP"
> (MPS, - sizALT; )< Area— > sizgALT,)
B P B,OP (5)

We can see that the problem (5) is equivalenttraditional
NP-complete problem, 0-1 knapsack. It can be effity solved
by a branch and bound algorithm.

4. Adapting Multimedia for Small Displays

In this section, we will show how the content modah be
applied to adapt different types of multimedia ewmtfor small
displays.

For web pages, we have introduced an approachni?ps to
the fisheye view. The extensions to the origingresentation
model are mainly twofold:

« In order to let authors have controls on the fipege layout,
we leverage binary slicing trees, a data structuidely
used in computer aided design community, insteadnof
unordered set to organize the information blocks.

e We add three additional properties to each infoionat
object in order to characterize their special digpl
constraints.

Figure 2 shows the rendering results on three &yscreen
sizes for an example web page.

128x160 (Smartphon

240x320 (PDA)

Fig 2. An example of adaptive web page rendering. The afigieb page comes
from a Google news page and it has been adapted to threel typieen sizes:
640x240 (Handheld PC), 240x320(PDA) and 128x160(Smartphone).

referred as a spatial region or segment that quoreds to
an information object.
¢ We suppose the alternative of an object in imagdsetnull
since the information object will be cropped ité@n not be
put on the display.
As shown in Figure 3, the most important part ofaae
image is identified and cropped to fit the limitgidplay size.

768x1024
(Original)

240x320
(PDA)

128x160
(Smartphone

Fig 3. An example of attention based image adaptation. Tigmairlarge image

(768x1024) is cropped to fit two typical screen sizes: 240x320(PDA) and

128x160(Smartphone).

Video adaptation is another natural applicatioowf content
model. In [4], we proposed a solution for browsiamateur
video clips such as home videos or surveillanceasd For this
kind of video, it is possible to optimize the cantefor different
resolution conditions. Previous results on imagap&ation can
be easily extended to video adaptation if we simpinsider
each video frame as an image. However, this ngigeoach will
cause jitters in the video sequences since theeBawill be
discontinuous after cropping. To solve this probhlerirtual
camera control is applied to improve the qualitypofput stream.
Figure 4 shows an example of the attention basefkovi
adaptation.

Fadel Edge Management

el

Fig 4. An example of attention based video adaptation. Themieces are detected
in the video stream and only those regions are deliverethetoclient device.
Therefore, he/she can see a more clear face imaghkeosntall screen and the
bandwidth cost can also be reduced.
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5. Content Services Networks

As the Internet is moving toward a service-centniadel, more
and more storages and computational resources eang Iput
into the Internet infrastructure and provided asvises to
customers. In the content networking world, fortamee, this
trend can be seen on the development of contenvedgel
networks (CDNs) which make content distribution etwork
infrastructure service available to content prokgdend network
access providers. On the other hand, the prograss

For images, an attention model based adaptation andstandardization and development of web servicesrzaked the

browsing scheme is developed in [1][5]. Besides tha notion

of attention object is just equivalent to infornagtiobject, other

differences are:

« The image attention model adds a ROI property tthea
information object. It is borrowed from JPEG 200t &ds

beginning of a new era that every computationabusse and
service on the Internet can be connected to promile user
experiences on accessing, sharing, and using iafoym
anytime, anywhere, from any device.

(0]



In this paper, we propose to provide content modetind
adaptation functions as subscription-based webicssvIt is
based on our previous work named content servieésanks
(CSN) [6] which aim to make content delivery netiwg(CDN)
capable of delivering content adaptation services.

Figure 5 shows the overall system, which consttutgo
layers of network infrastructures: content delivemerlay (i.e.
CDNs) and service delivery overlay. The contentiveey
overlay is constituted of a network of service-dadbweb
caches which extend the functionalities of tradisioweb caches
for performing value-added processing. The sendetivery
overlay consists of a large number of applicatiervers which
act as remote call-out servers for service-enabled caches.
These two overlays work together to provide conteignted

web services.

iisi

Application

%l
'y

Fig 5. The architecture of content services network.

Before the content modeling and adaptation sefvezmmes
available, it needs to be registered in the UDDhi¢drsal
Description and Discovery Integration) registry sfir The
received components such as service specificatiadsbinaries
from service providers are stored in the servictalu#se. In
order to use the service, a mobile client needfirgb find and
subscribe to the service via UDDI registries. Tlieae service
instructions are generated and transferred fronmtaeagement
servers to the service-enabled web caches thaguecriber is
associated with. As shown in Figure 6, the sereicabled web
cache determines if a message needs services mgdodthe
service instructions. In our case, the instructiorey simply be
type comparison, i.e., whether the content is ag#or a video.

‘ Application Server

‘ SDM Server

SOAP or ICAP
)

‘ Service Execution ‘ ‘ Instruction Parser ‘
3)

@)
Instruction Processor

1)
@ Instruction Cache

Cllent ’::’4 Message Parser ’4:

®)

Instruction

Origin
Server

Result Cache

Service-enabled Web Cache

Fig 6. The service-enabled web cache.

6. Experimental Results

We have developed a service-enabled web cache based
Microsoft ISA Server 2000. A special web filterilmplemented
using ISAPI, which enables adaptation on HTTP ngssa
containing HTML pages, images or videos. The preiogsis
executed locally on the proxy which is a Windows Xystem
with P4 1.3 GHz CPU and 256M memory.

For web page adaptation, 16 web pages were calldaien
several popular websites such as MSN, Yahoo! amayl@oThe
content model for each web page is manually createtl the
number of information objects in a web page vdiies 5 to 20.
In the experiment, the average time cost for adgptie page is
18 microseconds with variation from 2 to 56 micisels.

Currently, the time cost for automatic image maugli
process is a bit large. Averagely, it is 0.9 sectord1200x800
images on our test bed. However, as mentioned defibie
automatic modeling results can be saved with tregerfiles for
reuse. Therefore, the content model is only contbateee when
the image is first acquired.

The performance of video adaptation can be improied
do not process every frame in the MPEG streamulncarrent
implementation based on Microsoft DirectShow, wecpss one
frame every three seconds. It can run smoothlyhentést bed
without causing any jitter.

7. Conclusions

In this paper, we introduced our work on adaptingtimedia to
small-form-factor devices. Our approaches can bsilyea
extended to other various applications such asrnmdtion
summarization or thumbnail generation, since spiatéis also
the critical issue there. How to enable service pwsition,
federation, and service-peering is another intemgstand
challenging research problem. Furthermore, theeissuidata
integrity also needs to be addressed as we allowvenbto be
modified by a third-party service provider. We wgibntinue to
investigate these directions in the future.
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