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ABSTRACT

There is a growing diversity of client devices that have
access to the Internet. However, much of the content on
the Internet cannot be handled by the devices that have
limited communication, processing, storage and display ca-
pabilities. In order to improve the utility of a wide range
of client devices, we propose a network-based solution for
transcoding Internet content. The system uses an InfoPy-
ramid for representing and transcoding video, images, au-
dio and text. The InfoPyramid manipulates the content
along the dimensions of �delity and modality, and aggre-
gates the methods for content analysis, translation, �lter-
ing and selection. The InfoPyramid utilizes a policy engine,
which incorporates user and publisher preferences, various
transcoding policies, device descriptions, and real-time net-
work constraints in order to adapt the Internet content to
the client devices.

1. INTRODUCTION

Many new devices, such as personal digital assistants (PDAs),
hand-held computers, Internet-ready phones, and WebTVs,
are gaining access to the Internet. The capabilities of these
devices to receive, process, store and display Internet con-
tent varies widely. Given the variety of client devices, it is
di�cult for Internet content publishers to tailor content to
the individual devices.

Internet content publishers do not have many options
for customizing the content. In some cases, the publish-
ers manually generate secondary, text-only versions of Web
pages that the users can select instead of the originals.
Other mechanisms within the HTTP protocol allow the
client to specify some client attributes, such as the preferred
language of the user, or the image, video, and audio formats
supported by the client device. Using this information, the
content server can automatically select and deliver content
that is compatible with the client device and the user.

In the case of client devices with minimal capabilities,
such as pagers and cell phones, special markup languages
are being developed, such as HDML ([1]). However, mech-
anisms still need to be developed to automatically convert
Internet content into these formats. The emerging XML
markup language may improve the capabilities for adapt-
ing content since separate style sheets can be developed
for client devices that determine how the content is dis-
played [2].

1.1. Related work

Recently, several systems have been developed for adapting
Internet content to client devices. Fox, et al., developed
a system for distilling, or compressing images that pass
through an Internet proxy [3]. Other commercial systems
such as Intel's Quick Web [4] and Spyglass' Prism [5] sim-
ilarly compress the images that pass through the Internet
service provider to speed-up download time.

We have developed a content-based system for transcod-
ing images [6]. This system retrieves and analyzes images in
the Internet and classi�es them into image type and purpose
classes in order to select appropriate methods for transcod-
ing them. Since the system is limited to transcoding images,
we propose a more powerful solution for Internet content
that includes video, images, text and audio. The system
transcodes the content along the dimensions of �delity and
modality in order to better adapt it to a large variety of
client devices.

1.2. Outline

In this paper, we propose a system for transcoding Internet
content. In Section 2, we present an overview of the Internet
content transcoding system. In Section 3, we present the
InfoPyramid framework for representing and manipulating
video, images, audio and text. In Section 4, we describe
processes for selecting the versions of the content to adapt
the content to the clients according to capabilities and pref-
erences. Finally, in Section 5, we describe the deployment
of the transcoding system in the Internet as transcoding
proxies.

2. INTERNET CONTENT TRANSCODER

Figure 1 illustrates the proposed Internet content transcod-
ing system. The system retrieves and analyzes the Internet
content and ingests it into the InfoPyramid format. A pol-
icy engine gathers the capabilities of the client, the network
conditions and the transcoding preferences of the user and
publisher. This information is used to de�ne the transcod-
ing options for the client. The system then selects the out-
put versions of the content and uses a library of content
analysis, �ltering, translation and manipulation routines to
generate the content to be delivered to the client device.

The Internet content transcoding system may be de-
ployed at the server, proxy or client. Deployed at a proxy,
the system is able to retrieve the Internet content, analyze



Policy
Engine

Content Analysis, Filtering, Translation,
and Manipulation Library

Content
Analysis

Content
Selection

Content
Manipulat.

Internet
Content

Client
DeviceInternet Content Transcoder

client prefs.publisher prefs.

Figure 1: The Internet content transcoding system adapts the content to the capabilities of the client devices.

and transcode it, and deliver the results to the client, on-
the-
y. Deployed at the server, the system can be used
in the content publication process. The system can pre-
materialize the alternate versions of the Internet content
and store them at the server. In this case, the system merely
selects the versions of the content to deliver to the client.
In some cases, the transcoding system can be deployed at
the client to customize the content display, such as accord-
ing the user preferences, as long as the client has su�cient
capabilities.

3. INFOPYRAMID FRAMEWORK

The InfoPyramid provides a general framework for han-
dling the Internet content. It allows specialized methods to
be plugged-in for analyzing, �ltering, translating and ma-
nipulating the Internet content. As depicted in Figure 2,
the InfoPyramid develops a conceptually redundant repre-
sentation of the Internet content that aggregates multiple
versions of the content along the dimensions of modality
(video, image, text, and audio) and �delity (which includes
summarized and compressed versions) [7]. The translation
and summarization methods generate the alternate versions
of the content as needed.

3.1. Translation and summarization

The translation methods convert the content between modal-
ities, such as, text to audio, or video to images. On the
other hand, the summarization methods generate versions
within the same modality, but with di�erent �delity. For
example, the summarization methods compress the images,
summarize text, and extract and re-animate the key-frames
from video. The translation and summarization methods
can be cascaded to change both the modality and �delity
of the content. In this case, a video can be converted to a
small, reduced-color image.

For each of the modalities, we describe some of the sum-
marization and translation methods that could be used to
change the �delity and modality of the content, respectively.

1. Images:

� Fidelity { Spatial size reduction, color depth re-
duction, lossy compression [6].
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Figure 2: The InfoPyramid aggregates multiple represen-
tations of the content along the dimensions of �delity and
modality and uni�es the methods for manipulating the con-
tent.

� Modality { Images to text: related text, embed-
ded text, semantic labels [8].

2. Video:

� Fidelity { Spatial size, temporal size, playback
rate, bit-rate.

� Modality { Video to images: key-frames; Video
to audio: sound track; Video to text: closed
captions, embedded text.

3. Text:

� Fidelity { Key-term extraction, text summa-
rization, document headings extraction.

� Modality { Text to audio: speech synthesis,
Text to text: language translation (i.e., English
to French).

4. Audio:

� Fidelity { Bit-rate reduction, stereo to mono.

� Modality { Audio to text: speech recognition.

In order to evaluate content alternatives, the system
could assign content value scores to each of the content



alternatives. Using the content value scores, the system is
able to optimize the selection of the content according to
the device capabilities, preferences and network conditions.

4. TRANSCODING SYSTEM

We propose that the transcoding system utilizes a policy
engine to evaluate the alternatives for adapting the content
to the client devices.

4.1. Policy Engine

The policy engine would gather the capabilities of the client
and the transcoding preferences of the user and publisher,
and sense the network conditions to de�ne the transcoding
options for the client. In order adapt the Internet content to
these devices, the transcoding proxy generates and selects
versions of the content according to the policies, network
and device constraints, and preferences.

4.1.1. Content value scores

The InfoPyramid system provides the mechanism for as-
signing content value scores to the alternate versions of the
content. In some cases, the content value scores are derived
automatically by measuring the loss in �delity that results
from translating or summarizing the content. For example,
the content value scores can be linked to the distortion in-
troduced from compressing the images or audio. Otherwise,
the content value scores can be tied directly to the methods
that manipulate the content.
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Figure 3: Example Internet content value scores assigned
for video.

Figure 3 illustrates examples of content value scores that
can be assigned for transcoding video. In this example,
the original video has the highest content value. Each ma-
nipulation of the video along the dimension of �delity or
modality alters the content value. For example, converting
the video to a sequence of images results in a small reduc-
tion in content value. Converting the video to a highly
compressed audio track produces a higher reduction in the
content value.

4.1.2. User and publisher preferences

The content value scores comprise only part of the infor-
mation that can be used in the content selection process.
Both the publisher and user may have preferences for how
the content is transcoded. Figure 4 illustrates some exam-
ple preferences for transcoding images. In this example, the
preferred versions for the image content are the low-�delity
versions of the image, and the translations to text.
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Figure 4: Internet content format preferences may be es-
tablished by the publisher or user. This example illustrates
the preferred content alternatives for images. Device con-
straints may further score or eliminate some content alter-
natives.

4.1.3. Device constraints

Various constraints of the devices a�ect the selection of the
content. For example, many devices cannot handle video.
In this case, the corresponding content alternatives can be
eliminated (see Figure 4). Overall, the display, storage and
processing capabilities of the client devices eliminate the
selection of individual versions of the content. These also
place constraints on the set of selections for a Web docu-
ment. For example, if the device has a local storage of only
16 KB, then this places a hard limit on the total size of the
versions of the content selected.

4.1.4. Network constraints

Similarly, the network would place constraints on the con-
tent selection process. In general, the network constraints
introduce a trade-o� between content data size and load
time. For example, if the user speci�es a maximum load
time for a page, then to accommodate this load time, the
transcoder system must sense the end-to-end bandwidth to
derive the target data size for the content. Then, the sys-
tem can select the content of maximum content value that
is within the target data size.

4.2. Content Selection

We investigate more closely how the system could optimize
the selection of the content alternatives. Consider the Web
document with two objects, A and B, depicted in Figure 5.
Let Aij = Tij(A) and Bkl = Tkl(B) transcode A and B,
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Figure 5: Example of content selection for a Web document
consisting of two objects, A and B.

respectively, to target modalities i and k, and �delities j

and l. Let V (Aij) and V (Bkl) be the content value scores
for Aij and Bkl, and let S(Aij) and S(Bkl) be the data sizes
of Aij and Bkl. Finally, let ST be the maximum data size for
the content, which may have been derived from the user's
speci�ed maximum load-time and the network conditions.

4.2.1. Maximum content value

The content selection process selects A�

ij and B�

kl with max-
imum content value for a target data size as follows:

V (A�

ij) + V (B�

kl) = max
i;j;k;l

(V (Aij) + V (Bkl)); and

S(A�

ij) + S(B�

kl) � ST : (1)

4.2.2. Minimum load time

Given a minimum acceptable content value VT , the content
alternatives A�

ij and B�

kl of minimum data size are given by:

S(A�

ij) + S(B�

kl) = min
i;j;k;l

(S(Aij) + S(Bkl)); and

V (A�

ij) + V (B�

kl) � VT : (2)

4.2.3. Device constraints and preferences

By extending this optimization process, the content selec-
tion system could incorporate the user (U(Ak

ij)) and pub-

lisher (P (Ak
ij)) preferences, and client device constraints

(D(Ak
ij)), to best adapt the content. In this case, the total

score of each item k in the Web document is given by

Z(Ak
ij) = !vV

k
ij + !uU

k
ij + !pP

k
ij + !dD

k
ij;

where !v, !u, !p, and !d are weighting factors assigned by
the user or system.

5. REAL-TIME, NETWORK-BASED TRANSCODING

The transcoding system can be implemented in the net-
work in the form of a transcoding proxy (TP) to perform
transcoding on-the-
y, see Figure 6. The transcoding proxy
system is designed to have a high bandwidth connection to
the content provider. In most cases, the proxy has a low
bandwidth connection to the client. As a result, reduc-
ing the amount data through compression and transcoding
at the proxy results in faster delivery, even when account-
ing for the added time for content analysis, selection and
transcoding [6].
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Figure 6: Network-based transcoding of Internet content
using transcoding proxies (TP).

6. SUMMARY

We proposed a system for the network-based transcoding
of Internet content in order to improve the accessibility of a
wide range of client devices to the content on the Internet.
The transcoding system retrieves, analyzes, and ingests the
Internet content into an InfoPyramid representation. The
InfoPyramid provides a conceptual framework for manip-
ulating the content along the dimensions of modality and
�delity. The transcoding system selects the content from
the InfoPyramid by assessing the various content alterna-
tives to adapt the Internet content to the client devices. In
this way, a wide range of client devices gain access to the
large amounts of content on the Internet that is otherwise
beyond their capabilities.
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