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Adapting Multimedia Internet
Content for Universal Access
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Abstract—Content delivery over the Internet needs to address reasonable wired network connections. However, network
both the multimedia nature of the content and the capabilities appliances are very different from the typical PC on a modem
of the diverse client platforms the content is being delivered to. or LAN. The network appliances vary widely in their features

We present a system that adapts multimedia Web documents to h . uti lor depth i
optimally match the capabilities of the client device requesting it. SUCN @S SCreéen size, resolution, color depth, computing power,

This system has two key components. 1) A representation schemestorage and software. They also use a variety of network
called the InfoPyramid that provides a multimodal, multireso- connections ranging from cable to mobile, with different band-
lution representation hierarchy for multimedia. 2) A customizer width, connection characteristics and costs [7]. The diversity
that selects the best content representation to meet the client of these devices will make it difficult and expensive to author
capabilities while delivering the most value. ltimedi tent tely f h individual t f
We model the selection process as a resource allocation problemmu,Irne la_conten separaey or each Individua VPe O_
in a generalized rate-distortion framework. In this framework, ~device. Therefore, technologies that can adapt multimedia
we address the issue of both multiple media types in a Web content to diverse client devices will become critical in the
document and multiple resource types at the client. We extend coming pervasive computing era.
this framework to allqw prioritization on the content items in a In this paper we present a system thalapts multimedia
Web document. We illustrate our content adaptation technique . -
Web content to optimally match the resources and capabili-

with a web server that adapts multimedia news stories to clients . . - . .
as diverse as workstations, PDA’s and cellular phones. ties of diverse client devices. This system employs two key

. . technologies.
Index Terms—Compression, content adaptation, Internet, mul- . .
timedia, information appliances, rate-distortion, transcoding, uni- 1) A progressive data representation scheme called the
versal access. InfoPyramid [25]. Content items on a Web page are

transcoded into multiple resolution and modality ver-
sions so that they can be rendered on different devices.
For example, a video item is transcoded in to a set of
ETWORK appliances, or information appliances, are  images so that it can be rendered on a device not capable
computing devices that are network enabled. They typ-  of displaying video. The InfoPyramid provides a mul-
ically have fewer resources than personal computers and are timodal, multiresolution representation for the content
geared toward a limited number of applications. Some current  jtems and their transcoded versions.
examples of network appliances are hand-held computer) A customizer that selects the best versions of content
(HPC'’s), personal digital assistants (PDA's), set-top boxes, items from the InfoPyramids to meet the client resources
screen telephones, smart cellular phones and network com- while delivering the most “value.” The customizer al-

puters. In “ubiquitous” or “pervasive” computing, consumers  |ocates resources on the client among the items in
will use different network appliances to connect to the Internet  the document. This resource allocation results in the
for different applications, from entertainment to banking, from selection of the appropriate resolution or modality of
different settings, from living rooms to cars. Sources, such  the content items. If the client has limited resources

I. INTRODUCTION

as The Economist{1] and International Data Corporation (such as a PDA or pager), some of the content items
(IDC) [2], predict that the sales of network appliances will ~ may not get any resources assigned and thus will not
significantly outstrip that of personal computers after the year  pe delivered to the client. We propose a novalue-
2002. Therefore, within a decade, network appliances will resource framework for the customizer. This value-
replace personal computers as the client device of choice for  resource framework allows us to design and analyze a
viewing Web content. number of content adaptation strategies.

Currently multimedia cqntent is .authored with the person.al We illustrate this content adaptation with a multimedia
computer as the target client device. Web documents, whigh;s delivery system that adapts to clients ranging from
have rapidly become the largest deployed form of multimedigykstations to cellular phones.
are also authored specifically for personal computers with
A. Related Work
Th
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Drastically different clients, such as those that cannot handianscoding between modalities. We provide a theoretical

video, are not addressed. framework in which various content adaptation policies can
Web content adaptation can be performed either at the formulated and analyzed.

server, at the client, at an intermediate proxy, or some com-One big benefit of the proxy approach is that it is totally

bination of the three. transparent to the content providers; they do not have to change
Some client devices adapt content at the device. For exaitme way they author or serve content. However, there are a

ple, Windows-CEM devices change color-depth (for examplenumber of drawbacks to this approach:

from 24-bit color to 4-bit gray-level) of images. The drawbacks 1) content providers have no control over how their content

are that network appliances have low network bandwidth,  will appear to different clients;

which results in slow access to pages with rich multimedia, and2) there may be legal issues arising from copyright that may

they are restricted in their computational power, which makes  preclude or severely limit the transcoding by proxies;

content adaptation at the device slow, or even impossible.  3) HTML tags mainly provide formatting information
Most content adaptation systems [7]-[16], [18] are http  rather than semantic information;

proxy-based. The proxy intercepts client device’s requests for4) on the fly transcoding is difficult to apply to many media

Web pages, fetches the requested content, adapts it, and sends types such as video and audio.

the adapted version to the client. This content adaptation{ifese factors limit both the quality and the amount of cus-
often termed transcoding.” tomization that proxies can provide.

In the TranSend project [7]-[10] a proxy transcodes Web | this paper we present an alternate solution that extends
content on the fly. The adaptation, which they term “distillanhe web server deployed by a content provider. In this system,
tion,” is primarily limited to image compression and reductioghe content author can lay the transcoding policies and control
of image size and color space. Video is also converted inige adaptation process. Also, the content author can edit and
different frame-rates and encodings using a video gateway [Rlplace the transcoded versions of content items generated
Based on this work, a company, Proxinet [16], has been starigfthe system. This control of the customization overcomes
that provides a proxy which customizes content for a Specﬁloblems of publisher control and copyright issues faced by
browser on the 3Com PalmPilét [17]. transcoding proxies [7]-[18]. The content is authored in XML

Bickmore and Schilit [11] also propose a proxy baseg3z) allowing the author to provide more information to the
mechanism. They use a number of heuristics and a plang@iscoding and customization system than can be deduced
to perform outlining and elision of the content to fit the Welsgm an HTML page. The key benefit of this server-based
page on the client's screen. system is that due to the guidance provided by the author,

The Spyglass PrisR [13], a commercial product, is an-sjgnificantly greater level of customization can be performed
other transcoding proxy. AvantGo [18] offers a solution similahan is possible in transcoding proxies. The systems generates
to Proxinet. transcoded versions of the content items prior to any requests;

Content adaptation upstream of the client results in tAys, it can handle media items such as video and audio which
faster response time [7], [8]. Based on this observation, Intgle difficult to handle in proxies. This off-line transcoding
launched the QuickWels [12] service that compresses imageg|so leads to lower response latencies than proxies. The server
at a proxy. shares the benefit of transcoding proxies in speeding content

_These transcoding proxies typically consider a few client dgelivery as the customized content is often much smaller than
vices and employ stati@d-hoc, content adaptation strategieshe original content.

A common policy [7]-[13] is to scale all images by a fixed
factor. Thus, these transcoding proxies fail to dynamically oytline

address the variation in the resource requirements of diﬁerenRN f' h Il archi fth Th
Web documents. The set of client devices will also gro € first present the overall architecture of the system. The

more diverse. Certain resources, such as effective networ Pyramid, a mulimodal, multiresolution representation hi-

bandwidth, costs and patience of the users can be differgﬁ?mhy for muIt_ime.dia, content anaI_ysis, trapscoc_jing quules,
for similar client devices. The static adaptation policies us&?ntent customization, and cache, is described in Section Il.

by these systems do not handle well this variability in Web Ig ?e'lctli)nsslll—ty, V{'/el describe thf cus?omllzatlorl ;t).rocesfs
content and client resources. In detail. In Section VI, we present an implementation o

None of the existing transcoding systems (with the possib%@e content adaptation system. We present a summary in

exception of [11] and [14]) consider the requirements O ection Vl.
the entire Web page or relationships between its various
components in different media. Also, these systems only
consider transcoding within the same modality. The content adaptation system is an extension to a Web
In this paper, we propose a content adaptation framewdiktp) server. An overview of the system architecture is shown

that dynamically accounts for resource requirements of tha Fig. 1. The content source contains the multimedia con-
complete Web page and its individual components. It seletent to be delivered by the Web server. First, content is
from a number of different possible transcoded versions ahalyzed to extract meta-data used in guiding subsequent

tha rnntant  nnoc that nrnvidea tha “hact valiia” within thimancerndinn and calartinn nraraccac Racad nn tha ~ranahilitiac
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document. For streaming media this includes only the
initial buffer space required before the media starts
playing, not the size of the media itself. The payload is
Response defined as the product of the network bandwidth and the
time the client is ready to wait (bandwidth* wait-time)
before the complete Web page downloads. For storage
constrained devices, the payload will be defined as the
storage space.
4) Capabilitiesfor displaying video/audio/image.

Client
Capabilites

+#—— Request

Content
Source

Customization/
Selection

Content B. Content
i z N . Conten
Analysis | /% Transcoding ) _ o
Modules We will restrict our discussion to Web pages. The content
InfoPyramid \ . . . .
is authored in XML [21], which is converted to HTML
Fig. 1. Internet content adaptation system architecture. prior to delivery. We are also working on an extension to

HTML that allows authors to introduce more information for
are employed to generate versions of the content in differereintent customization using XML and also enables our content
resolutions and modalities. A novel data representation, tadaptation system to be deployed at proxies.

InfoPyramid, is used to store the multiple resolutions and A multimedia WebdocumentW is composed of a number
modalities of the transcoded content, along with any associatdfdcomponenttems A, W = {4;},4 = 1,n. Each item can
meta-data. This transcoding is done off-line, during contehe an atomic unit of media, such as an image or a video clip.
creation time. When the Web server receives a requestAit item can also be composed of other items, for example a
first determines the capabilities of the requesting client devisgdocument can have a number of stories as content items, and
A customization module then dynamically selects from theach story item may be composed of image items, text items,
InfoPyramids, the resolutions or modalities that best meetc. For simplicity, we will first consider only atomic content
the client capabilities. This selected content is then reitems, and then, in Section V-B, deal with composite items.
dered in a suitable delivery format (for example, HTML)

for delivery to the client. A cache that stores these cliegt, content Analysis

specific versions of content is used to improve response times . . .
In the following sections, we describe these processes i The authored content is analyzed to extract information that

detail. Wrﬂl be useful in transcoding and customization. Two types of
content analysis are performed.
Each atomic itemA4 of the document is analyzed to de-
termine its resource requirements. The types of resources
The types of devices that can access the Internet @ghsidered are those that may differentiate different client
rapidly expanding beyond the workstation on LAN that mogfevices. We determine the following resource requirements.
multimedia Internet content is authored for [1], [2], and [7]. 1) Static content size in bits.
One can now use personal digital assistants (PDA) such2 Display size such as height, width and area.
as the PalmPild¥ and Sharp Zaurd¥, handheld personal 3) Streaming bit-rate. ’
computers (HPC) such as the Psion and numerous Windowsz1 Color requirements.
CE™ machines, various Internet capable phones such as th%) Compression formats.

AT&T SmartphonéM (cellular) and Screenphone (wired), set- 6) Hardware requirements, such as display for images,
top boxes such as WebTV etc. to browse the Web. Even support for audio and video

traditional gompgters .sugh as workstati_ons,_ Iaptqps and PQI'he semantics of the content items are determined in the
may vary widely in their display and specially in their network ntext of the entire document. We currently analyze images

bandwidth. The browsers designed to meet the special ne g9 . . 4 )
of handicapped people can be modeled as client devices eretermlne their type and purpose [22], [23]. This analysis

specific capabilities [19]. For example, a speech browser fRrOWs us to improve image transcoding by selecting policies
the blind may be modeled as a device that only supports auaell&cordmg to image type and purpose [22].

Thus, we see that to fulfill the promise of universal access to

the Internet, devices with very diverse capabilities need to Be InfoPyramid

A. Client Devices

catered to. The InfoPyramid [25] is a framework for aggregating the
Currently, the system considers the following client devic@dividual components of multimedia content with content-
characteristics. descriptions, and methods and rules for handling the content
1) Screensize i.e., width and height in pixels, color andand content descriptions [24]. The InfoPyramid describes
bits/pixel. content in different modalities, at different resolutions and

2) Effective Network bandwidth. at multiple abstractions. In addition, it defines methods for

2\ Davinad dafinad ac tha tntal amniinte nf hite that ~camaniniilatina_tranclatinn_trancendinn_and nanaratina tha ~nn-
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modalities and resolutions so that it can be rendered on a
vangty of devices. Fig. 1 shows a simplified InfoPyramid for Key-Frames
a video. &

Multimodal: Multimedia content is usually not in a single
media format, or modality. A video clip can contain raw o o8

i i i O Title /2 bit

data from video, audio in two or more languages, and closed \o’° i o [KoPs
captions. In the medical arena, MRI, CT, PET, and ultrasound 0@0
can be captured for the same patient, resulting in multiple <& 4bit | 128 8Kbps
three-dimensional (3-D) scans of the same content. ummary/ color | Kbps

For certain devices, the appropriate content modality may
not be available. The required modality may be generated by Closed 8 bit 1 Mb

. . . . : ps 50 Kbps

transforming other modalities. For example, a video clip can Caption color
be transformed into images showing keyframes [36], while - -
text can be synthesized into speech. Text Image Video Audio

Multiresolution: Each content component can also be de- Modality
scribed at multiple resolutions. Numerous resolution reduction
techniques exist for image and video. Features and semantics Fig. 2. An InfoPyramid for a video item.

at different resolutions can be obtained from raw data or

transformed data _at dlffere_nt resolutions, thus resulting N2t of key frames [36]. Audio is also extracted from the
feature or semantic pyramid.

Multinle-Abstraction LevelsThe abstraction  levels de_video. Each of the modalities is then represented at different
P : resolutions, bit-rates, color depth, etc. We have implemented a

scribe features and data in a hierarchical fashion. Fﬁﬂdnber of transcoding modules for handling video and images

ex_ample, one hierarchy COUId_ be features, semantics ax imported others for text, images, video and audio. The
object descriptions, and annotations and meta-data. For conten . . .
. . .System is designed to allow third-party content transcoders to
adaption, we store meta-data such as size, color, bandwigth . : . .
lugged in. The capabilities of the typical client devices and

. i .. be
requwement;, publisher preferences, et_c., for each consutug&ﬁem analysis are used to guide the transcoding process. The
element. This meta-data may be supplied by content analytsrls

(Section 1I-C) and/or by the content author. s;llzcrzrc])gn[’n%_l[slg]one off-line, unlike in previous proxy-based
Methods and RulesMethods generate content descriptors ’

from the features of the data, or analyze, manipulate, provide

modality translation, or process the data in various ways. fn Customization

addition, the InfoPyramid may have rules to provide flexible The customization module uses the client device characteris-
application of the methods. Methods and rules provide linkagigs as constraints to pick the best content representation. The
between different modalities, resolutions and abstractions. st representation is the one that maximizes content value
content adaptation, we consider procedures and rules fgf that client device. This customization process is detailed
translating and summarizing (transcoding) between modalitigs Sections I11-V.
and resolutions. The InfoPyramids represent the transcoded resolutions and
The InfoPyramid concept can be further generalized Wodalities of the component multimedia items. From the
using other axes such as fault/loss tolerance, numerical comfoPyramids, the customization module selects the final en-
plexity, interaction modality, etc. Rather than forcing a strongemble such that it optimally satisfies all the client’s resource
separation between the data and the content description meghstraints. This content selection is performed dynamically
data, the InfoPyramid offers a continuum between the dafa, response to a request. Thus, the customization is able to
various abstractions of the data, and content description daggcount for any time varying client resources such as effective
Definitions: From eachoriginal item A;, in the Web doc- bandwidth and storage.
umentW = {4;}, anInfoPyramid M; = {M;;},j = 0,m;, The customization utilizes a value-resource framework,
is computed by transcoding; into j versionswith different which is generalization of rate-distortion (Section Ill). We then
resolutions and modalitiéswWe will denote the original version sglve the problem of generating a version of a Web document
by Mo = A;. We also introduce a null version, whichthat provides the most “value” to a client within the client's
corresponds to the item being deleted from the deliveregsource constraints. In Section IV, we model the selection

content, byM;,,, = ¢. problem as one of optimal allocation of the resources on the
client among the different versions of the multimedia items
E. Transcoding of the Web document. We show that different models for the

l;f:llationship between the value and the resource requirements
ead to different optimal resource allocation strategies. In

ction V, we present extensions to the optimization process
t0 1) account for the importance of each item and 2) to jointly

catichis diffarant rlace nf racniirrac  ciich _ac dienlav_araa and

Content transcoders populate the InfoPyramid structure w
multiresolution, multimodal versions of the content. For exa
ple, in Fig. 2, the video is transformed to images by extracti
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G. Cache assigned by the author for each transcoding, or we can assume

When a customized Web page is delivered to the clief®Me arbitrary functional relation betwedn and R, the

it is also stored in a cache. When the system received &30Urce utilized. In the special case where we can measure

request for a document, it first checks if a client with the sanig€ distortionD of all the versions, and the distortion for the

capabilities made the request previously, and if so, retrieves fHd! version is assumed to be infinite, we have= (1/1+D).

corresponding customized. Temporal variations in resources N€ value/distortion is neither an easily estimated metric,

on the client. such as bandwidth. CPU resources. storaf8' is it uniform across different people with diverse interests.
etc., will reduce the cache hit ratio. To effectively handl general, it will also be difficult to manually assign values to

this, the cost of performing customization versus the variatigfiiferent transcodings. The content value is a useful construct
in the resources will need to be considered. Our systdfft helps us analyze various dynamic content adaptation
currently performs customization again if the resources for tRQ!ICIES In a theoretical rate-distortion based framework and
requesting client differ from the cached versions. Alternativel§raw parallels with compression.

one can group clients with very similar capabilities under the

same client id. We will also explore the possibility of storing IV. RESOURCEALLOCATION

partial InfoPyramids based on customizations performed foryye can then model the content adaptation as the following
cllents, and using these to for subsequent pus@omlzatmns, theSource allocation problem:

reducing the search space for the customization.

. . . < .
ll. CONTENT VALUE mx{; V} such thatzi: R; < Retient 1)

Image or video compression can be viewed as adaptin
the content to meet bit resource constraints. One framewd! ) . .
for compressing to meet bit resource constraints [26], [2EfSources used by thith item Z; of the multimedia document.
has built on the rate-distortiof-D) theory due to Shannon While Vi and k; are discrete, we will first consider them to
[27]. Rate-distortion theory deals with the minimum bit-rat@® continuous, and then deal with the discrete &g is
R needed to represent a source with desired distoffloor '€ Maximum resource available at the client. _
alternately, given a bit-ratd? determining the distortionD Let the valueV; be some function of the r(.asouchi., I.€.
in the compressed version of the source. The rate-distortigh = /i(£:)- We convert the aboveonstrained optimiza-
framework is employed in many image and video compressigfl Problem to anunconstrainedoptimization problem by
systems, for example [26], [28]-[30], [33]. We generaliz§°Nsidering the Lagrangian [32]:
rate-distortion theory to aalue-resourceframework by con-
sidering different versions of a content item in an InfoPyramid.(R, A) = {Z Vi+ A <Rclient — Z Ri> } with A > 0.
as analogous to different compressions, and different client i i

resources as anal_ogous to the bit-rate. Then if Ry is an optimal solution, there exists @ such
Distortion is typically measured as the mean squared er At AL(R,)\) = 0. Given that the items, and thus their

(MSE) between the source and its compressed version. : N
problem with the MSE based distortion measure is that it m?‘?ues, are independent of each other, we (@dt/0F;) =

ereV; € {V(M;;)} andR; € {R(M,;)} are the values and

not correspond to the perceived loss of fidelity [31]. Howeve, ,rfi(R.'i)/dRi) — A Therefore, the candidate solutions to (1)
. . e . . e given by
a bigger drawback is the difficulty of formulating a meaningfu

distortion measure when the adaptation is drastic. For example,  dfi(R1)  df2(Rz) o dfi(R;) =A@
it is difficult to measure the loss of fidelity when a video is dR, =~ dR, T dR;, T
transcoded to a set of key frames or transcoded into its textual
transcript. A. Analytic Functions
To overcome this problem, we introduce a subjective meéa-content value, as an alternative to distortion, makes it
sure of fidelity which we calvalue. possible for authors or users to specify value judgements about
Definition: Value various transcoded versions of the content. However, manually
VM) — perceived value of transcoded versibf; assigning the values is not a practical proposition in most
(Mij) = perceived value of originab;o. scenarios. To mitigate this problem, we introduced functional

mappings between content value and resource utilization. This
is not to suggest that there actually exist such a simple
mechanism for assigning value (or distortion). Computing
distortion, even in specific modalities such as images, that

The benefit ofV is that we have a measure for fidelity thats meaningful perceptually over all images and people is
is applicable to transcodings of media at multiple resolutiom®t easy [31]. Our framework allows one to design fast
and multiple modalities. This also allows us to comparadaptation policies for a combinatorial resource allocation
document items that were in different media types. Howevamoblem, by assuming a particular functional mapping that

tha drawhacl ic that \wa _ctill An_nnt hava a coamniitatinnehntiirac tha nanaral trand af radiictinn in vialiia with racniireca
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