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Abstract

Until recently, the services of delivering variety of multimedia content over Internet
are fast evolving to a symbiosis of pervasive computing devices and ubiquitous
network infrastructure. However, the wide variety of device capabilities, network
bandwidth, and user preferences will require a new approach for content repurposing.
The mismatch between rich multimedia content and diversity of usage scenarios
creates new research opportunities and challenges. In this thesis, we propose a real-
time ICAP-based Content Repurposing System. This system includes the following
components: (a) a generic service-enabling platform for content repurposing
applications to build on; (b) a rule engine that collects the information of device profile,
network bandwidth and user preferences and generates the transcoding parameters
based on the decision function; and (c) a set of ICAP-enabled applications that

repurpose the multimedia content based on the transcoding parameters.

The generic service-enabling platform provides a scalable and flexible platform for
adaptation services to run on. The rule engine decides on adaptation policies. It
controls the extent of compression and types of transcoding that are performed by
ICAP-enabled applications. We provide a delay analysis on the system for how the

rule engine makes decision.

ii



BB EEE T T NIRRT
A

A UER OB TREE R

TTERE ‘

BB S TR ST B R £ B LA RS 2R G AR RS EIE
RESCIR S (RS BN 2 0 St BRI - SRR RIRVE B (Rer - STt
RET R R B P/ FaRn LEHE =LA - Rt - (s
BN T AN EENE ) BRER T T NE BN AR - BEATEL AR
He e = fE&H F4EA -

— NZERE e, ARSI RIS ERSERES

o TRAGIE T BERRITERE R - ST ] AT I LA
LRNEERSE K

= —&SI T EESUERRER, - FIAEBH S ETE L Z
Bz -

FZEIRE G ) MR T NEESUERIER ) RARHIMERE - AISEMEATA]
Pt o TRRAIS % BRHE RS ARAE FPARER R
WEEIHIR T S BRAARESE - AT RSB AT A DA T RRAIIS T2 A
(AT HET TR ORI -

iii



TABLE OF CONTENTS

Acknowledgments
Abstract
i me e E S
Chapter 1 Introduction
1.1 Research Background
1.2 Contribution of the Thesis
1.3 Organization of the Thesis
Chapter 2 Content Repurposing System Architecture
2.1 Introduction to ICAP-based Content Repurposing System
2.2 Generic Service-enabling Platform
2.3 Rule Engine
2.4 ICAP-enabled Application Server
2.5 Store-and-forward Transcoding and Streamed Transcoding
Chapter 3 Transcoding Techniques
3.1 Text Transcoding
2.2 Image Transcoding
3.3 Audio Transcoding
3.4 Video Transcoding
Chapter 4 Adaptation Policy
4.1 Delay Analysis of Content Repurposing System
4.2 Store-and-forward Transcoding for Image Files
4.2.1 Distribution of Input Web Images
4.2.2 Transcoding Web images to WBMP
4.2.3 Adaptation policy of Transformation to WBMP
4.2.4 Adaptation policy of JPEG images
4.3 Streamed Transcoding for Audio/Video Files
4.3.1 Audio Transcoding
4.3.2 Video Transcoding

v

il

IS TS T S S )

10
10
11
18
19
20
23
25
28
30
31
34
34
36
36
39
41
42



4.4 Case Study
4.4.1 Weak Device with Insufficient Bandwidth
4.4.2 Weak Device with Sufficient Bandwidth
4.4.3 Strong Device with Insufficient Bandwidth
Chapter 5 Conclusion

Bibliography

43
43
43
44
54
55



LIST OF FIGURES AND TABLES

Number Page

Figure 2-1: Overview of the infrastructure for the ICAP-based Content
Repurposing System. Proxy cache distributes transcoding servers
through ICAP

Figure 2-2: Message Flow in ICAP-based Content Repurposing System

Figure 2-3: Request Satisfaction

Figure 2-4: Response Modification

Figure 2-5: Rule Engine

Figure 3-1: Content Adaptation Decision Tree

Figure 3-2: Adaptation of an animated GIF file in the WAP environment

Figure 3-3: Transcoding of a JPEG image to different Quality Factors

Table 4-1: Application cases and adaptation policies

Figure 4-1: Delay Analysis of ICAP-based Content Repurposing System

Table 4-2: Transcoding Measures of MPS files

Figure 4-4: Relationship between transcoding latency and file size of input images
for transcoding to WBMP format

Figure 4-5: Relationship between transcoding latency and number of pixels in
input images for transcoding to WBMP format

Figure 4-6: Relationship between the input and output file size

Figure 4-7: Relationship between transcoding output WBMP file size and number
of pixels in the original image

Figure 4-8: Cumulative distribution of the ratio of file size of output WBMP to file
size of original image

Figure 4-9: Cumulative distribution of the ratio of file size of output WBMP to file
size of original image with scaling

Figure 4-10: Relationship between transcoding output WBMP file size and
number ofpixels in the original image with scaling

Figure 4-11: Cumulative distribution of Quality Factor of JPEG images

vi

14
15
16
16
17
26
26
27
29
30
42

46

46
47

47

48

48

49
49



Figure 4-12: Cumulative distribution of Quality Factor of JPEG images for
reducing Quality Factor

Figure 4-13: Relationship between compression ratio and quality factor of original
JPEG file

Figure 4-14: Cumulative distribution of ratio of output file size to input file size
for resizing the JPEG

Figure 4-15: Cumulative distribution of ratio of output file size to input file size
for both reducing Quality Factor and resizing the JPEG

Figure 4-16: Relationship between transcoding latency and number of pixels in
original image for reducing Quality Factor

Figure 4-17: Relationship between transcoding latency and number of pixels in
original image for different transcoding latency

Figure 4-18: Cumulative distribution of percentage of end-to-end latency reduced
for transforming JPEG to WBMP format and reducing image
geometries by 25% ofboth image height and width

Figure 4-19: Cumulative distribution of percentage of end-to-end latency reduced

for reducing JPEG image geometries by 25% of both image height
and width

vil

50

50

51

51

52

52

53

53



Chapter 1

Introduction

Recent mobile communications systems and wireless computing devices (e.g.
notebook PCs, hand-held computers, PDAs, smart phones, TV browsers and wearable
computers) enable us to access Web content on the Internet. However, for multimedia
applications, such as a digital library, most media-rich content was designed and
organized for desktop computers with high-speed broadband network. Web content
usually contains media-rich data such as image, audio and video, which are not
suitable for mobile devices with limited network bandwidth and device capabilities.
Compared to wireline access, the available bandwidth is narrow. The communication
channel is less reliable, for example the error rate changes dynamically due to the
effect of fading. On small devices such as PDAs and smart phones, device capabilities,
such as computational and rendering power, storage capacity and display capabilities,
are restricted for portability. Therefore, for better media presentation on mobile
devices, the quality of multimedia content should be adjusted according to network
characteristics and device capabilities by intermediary transcoding services. Besides, in
order to add value to the information delivered to users, multimedia presentation
should be personalized according to the preferences of individual user. Therefore, it is
a challenging research study to eliminate the mismatch between rich multimedia

content and the diversity of usage scenarios.

In order to provide appropriate multimedia presentation to different devices, many

issues need to be addressed.

(AJ Contextualization
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To design a good adaptation service, we must understand the client environment
sufficiently. We can gain an understanding through a contextualization framework that
facilitates the expression and capturing of context information. Context includes any
information that can characterize the client's situation. Client device's characteristics
and capabilities are part of the context of a client environment where Web content

rendering occurs.
(B) Context Analysis and Adaptation Decision

To generate the best content version for presentation in a content adaptation system, a
decision engine is needed to analyze the context information, and selects different
adaptation strategy. The decision engine aims to increase users' satisfaction in the
rendered content in a constrained mobile computing environment. It automatically
negotiates for the appropriate content adaptation decisions that the transcoder will use

to generate the content version.
(C) Content Adaptation Techniques

In order to increase accessibility of multimedia information, many media processing
techniques can be used to enable media adaptation. According to the adaptation target
context, multimedia content is adapted to device capabilities, network characteristics

and user preferences.
(D) System Integration

A well-designed adaptation framework is needed to integrate all of the above
technologies and interface to the network topology. It should provide high scalability,

reliability and performance for content adaptation.

1.1 Research Background
A considerable amount of work has been done in the area of enabling ubiquitous

access to Web content from pervasive computing devices. Lei and Georganas [3]
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presented some related issues for building a general context-based media adaptation
framework. These issues include context description and exchange schemes,
adaptation model for managing and manipulating multimedia content, adaptation
techniques and architectural issues. They provided a classification of media adaptation
techniques that can be used to guide research in this area. In this thesis, the following

issues will be discussed.

(4) Context Descriptions and Exchange

In order to produce the optimized content for a specific user agent, it is important to
gain an understanding of context information. The HTTP/1.1 content negotiation
capability [4] and the W3C Composite Capability/Preference Profile (CC/PP) [5] are
standards for describing device capability and user preferences as part of an HTTP
request. CC/PP can specify client capability and user preferences as a collection of
URIs (Uniform Resource Identifier) and RDF (Resource Description Framework) text.
Both the HTTP/LI content negotiation capability and CC/PP provide the declarative

semantics needed to determine the adaptation settings for transcoding.
(B) Decision Engine

Lum and Lau [6] offer good insight in designing a context-aware decision engine for
content adaptation of text and images. It is aware of different types of context
information, such as user preferences, device's rendering capability and the network
characteristics. It tries to arrive at the best trade-off for content adaptation while
minimizing content degradation due to lossy transcoding. The engine relies on a user's
indication of preferences according to his or her perception in different quality
domains. On the basis of these preferences, the engine can devise a method to express
quantitatively any given content's quality along various quality axes and algorithms to
negotiate for an optimal content version with some guarantee on the returned objects'

QoS.

(C) Adaptation Techniquesfor Multimedia Content
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In order to increase accessibility of multimedia content, various media transcoding
techniques are applied to adapt multimedia content according to device capabilities,
network characteristics and user preferences. If a client device cannot support a type of
format, format conversion can be carried out between media types, for example,
speech-to-text (speech recognition), video-to-image (video mosaicing) or image-to-text
(embedded caption recognition); and within media types, for example transformation
of HTML to WML, JPG/GIF to WBMP and WAV to MP3. Many research works
have been done on applying image-processing techniques to adapt the size (in pixel) of
embedded images on a Web page in order to fit the tiny display size of mobile devices.
Also, to cope with the variety of effective bandwidth and network latency, some image
transcoders compress the data size (in bytes) of an image through color depth reduction,
image scaling and image cropping. For audio content, compression can be done by
reducing the bit-rate and the number of channels of the media file or performing
format conversion (e.g. WAV to MP3). Compression of video, which results in
reduction in size (in bytes), quality and data rate, can be done by video frame dropping,
color conversion, DCT coefficient scaling and reduction in audio quality. Details can

be found in [23].

(D) Transcoding Framework

One important design issue is to decide where the adaptation resides. Three locations
are available: client device, proxy, and original server. Client-based adaptation is not
suitable for mobile devices because the devices are connected through low network
bandwidth, which results in slow access to rich media content; and they are restricted
in their computational power, which makes content adaptation slow or even impossible.
In server-based adaptation, the media server is responsible for analyzing the context
profile and discovering how much bandwidth is available. It then selects the
appropriate adaptation technique. Using the server-based adaptation has the advantage
that the adaptation may have the best effect. It is because the content authors can
preview the adapted result under different viewer preference and conditions. Placing

the adaptation on the server also has drawbacks. It complicates the implementation of
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an origin server and the algorithms for generating appropriate presentation to a request,
which results in additional computational load and resource consumption on the server.
Most content adaptation systems for mobile devices are HTTP proxy-based. In proxy-
based adaptation, the transcoding proxy is placed at the edge of the network. It
intercepts client device's requests for Web content, fetches the requested content,
adapts it, and sends the adapted version to the client. Adaptation at the proxy means
that there is no need to change existing clients and servers. It reduces the computation
load of the origin server. By caching at the proxy, it improves performance and end-to-
end latency perceived by client. To improve performance and alleviate network
bottleneck on the transcoding proxy, the proxy distributes heavy loading
transformation processing to application servers. To ensure scalability and flexibility
of the transcoding framework, application servers should be built on top of standard

and open remote call-out protocols and flexible APIs.

There is a wide variety of existing or proposed protocols for implementing value-
added services at Web intermediary, e.g. ICAP (Internet Content Adaptation Protocol)
[2] and SOAP (Simple Object Access Protocol) [7]. In the content repurposing system,
we utilize ICAP as the communication platform between Web proxy and transcoding
servers for content adaptation. ICAP is an open protocol which enables communication
between edge content devices (Web caches and Internet content origin servers) and
application servers that modify or process web contents before delivering them to the
Internet access devices. It empowers edge devices like a cache to distribute application
services without overloading the cache or slowing the response. It is HTTP-based and
uses existing infrastructure and communication methods on the Internet. It can

improve performance, scalability and flexibility of transcoding framework [1].

1.2 Contribution of the Thesis

In the thesis, we propose a real-time /CAP-based Content Repurposing System. It
provides proxy-based adaptation services. It utilizes ICAP (Internet Content
Adaptation Protocol) [2] as a common communication platform for improving

performance and reducing latency.
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This system includes the following components: (a) a generic service-enabling
platform for content repurposing applications to build on; (b) a rule engine that collects
the information of device profile, network bandwidth and user preferences and
generates the transcoding parameters based on the decision function; and (c) a set of

ICAP-enabled applications that repurpose the multimedia content based on the

transcoding parameters.

The system provides content adaptation for various types of multimedia content,
including text, image, audio and video. It supports two modes of adaptation, store-and-

forward transcoding and streamed transcoding.

The content repurposing system aims to provide adaptation on two dimensions, content
reformatting and content compression for different application cases. For content
reformatting, the transcoder reformats and transforms multimedia content to a format
that can be supported by the device. For content compression, the transcoder reduces

the end-to-end latency perceived by the clients by reducing the quality of content.

The end-to-end latency is regarded as the metric of evaluating the system performance.
We provide delay analysis of different transcoding policies for rule engine to control

the extent of compression and types of transcoding that are performed by ICAP-

enahled applications.

1.3 Organization of the Thesis

The rest of this thesis proceeds as follows: Chapter 2 presents the architecture of the
ICAP-based Content Repurposing System. Chapter 3 discusses the transcoding
techniques. Chapter 4 presents how the system makes decision on adaptation policies

based on experimental results. Chapter 5 concludes our work.



Chapter 2

Content Repurposing System Architecture

The ICAP-based Content Repurposing System provides a flexible middleware platform
for distributing transcoding services for ubiquitous access to Internet content. It is a
transcoding proxy server system which consists of a proxy attached to a farm of
transcoding servers. Figure 2-1 shows the overview of the infrastructure of the content
repurposing system. The system consists of an /CAP-enabled Proxy and a set of/C4P-

enabled Application Servers.

2.1 Introduction to ICAP-based Content Repurposing System
The content repurposing system consists of three main components. Each of them

performs different tasks and features different functionalities.
(4) Generic Service-enabling Platform

The generic service-enabling platform is based on ICAP, with well-defined and
flexible API's (Application Programming Interfaces) for value-added edge services to

build on. The platform aims to provide the following features:

*  Scalability - When the offered load to the transcoding server increases, a

proportional increase in hardware can maintain the same per-user level of service.

*  Reusability - New services can be developed from common software modules.
Details are discussed in Section 2.2.

(B) Rule Engine
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The rule engine collects the information of user preferences, device profile, and
network condition and generates transcoding parameters based on the decision
function. It provides a mechanism for processing and parsing of transcoding rules.
They are the conditions which tell the proxy when and how the services should be

executed. Details are discussed in Section 2.3.

(C) ICAP-enabled Applications

ICAP-enabled applications repurpose the hypermedia content (including text, image,
audio and video) in real time based on the transcoding parameters. These applications
involve techniques in transcoding multimedia content, including text, image, audio and

video. Content adaptation provides the following functions:

Different transcoding result will be generated for the same resource upon request.

Content is adapted for optimizing network condition, device capabilities and

preferences of individual user.

Content is displayed in a manner for the best visualization according to device's

display size and color depth.

Content is distilled to an optimized level of quality for reducing the computing
time for display at device. The smaller and more efficient data representation

reduces transmission time to the client.

Details are discussed in Section 2.4.

2.2 Generic Service-enabling Platform

Figure 2-2 shows the architecture and the message flow between the client device,
proxy, application servers and original server. The Remote Execution Module and the
API at the ICAP-enabled Application Server form a generic service-enabling platform

for transcoding services to build on.



Chapter 2 Content Repurposing System Architecture

The generic service-enabling platform enables communication between Web proxy
and remote application servers. It is based on ICAP, with well-defined and flexible
APIs for plug-in of application servers. ICAP is a client-server model [1]. It allows
ICAP clients, the proxy, to pass HTTP messages (HTTP requests or responses) to
ICAP servers, the application servers, for content adaptation. It defines four adaptation
techniques [1, 8] which is able to facilitate all the scenarios in content adaptation. The
techniques include Request Modification, Request Satisfaction, Response Modification
and Result Modification. In this thesis, we only utilize two modification modes for

adaptation on multimedia content: Request Satisfaction and Response Modification.

For Request Satisfaction, the message flow between client device, proxy, application
server, and original server is shown in Figure 2-3. The client device sends a request to
the proxy. The proxy redirects the request to an ICAP server. The ICAP server
modifies the message and sends it straight to the origin server for fulfillment. The
origin server sends the response content to the client device through the ICAP server
and proxy. This mode will be used for the adaptation of streaming media, e.g. audio

and video, which will be discussed in the later section.

Figure 2-4 illustrated the message flow in Response Modification. The response
located by the client device's HTTP request is fetched from the original server. This
original response is modified by the ICAP server and the adapted response is returned
to the end-user through the proxy. This mode will be used for the adaptation of Web

pages and image files.

Upon client's connection, the Rule Engine determines the appropriate application
server and the ICAP modification mode. The Remote Execution Module invokes
ICAP-enabled Proxy Server through ICAP for content adaptation. The Remote
Execution Module at ICAP client together with API at server-side form a generic
service-enabling platform for flexibly insertion of transcoding service for different
adaptation purposes. The API provides encajDSulation of the protocol semantics of
ICAP. Developers of transcoding services can make use of the set of publicly available

API method calls for integrating their transcoding technology with ICAP. The API

9
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provides a flexible and scalable solution for plug-in of new transcoding modules in the

content repurposing system.

2.3 Rule Engine

The Rule Engine performs first-stage negotiation between client request and context
information to decide the appropriate /CAP-enabled Application Server for adaptation.
The negotiation depends on pre-defined decision function. As shown in Figure 2-5, to
plug-in an application server into the content repurposing system requires provision of
transcoding rule. The transcoding rule specifies the conditions under which the
adaptation needs to be performed by a particular application server. The Rule Update
Module collects the set of rules provided by the farm of application servers and
updates the decision function. The decision function negotiates between client request
and context information to generate transcoding parameters. The transcoding
parameters specify the ICAP modification mode, the location where transcoding
service takes place and other useful information for transcoding. The Remote
Execution Module generates and executes ICAP request for adaptation on remote

application server based on transcoding parameters.

2.4 ICAP-enabled Application Server

As shown in Figure 2-2, the ICAP-enabled Application Server consists of API,
Transcoding Control Module {TCM), and Transcoding Modules {TM). Discussed in
Section 22 ’ the API is responsible for performing ICAP communication with the

proxy. In this section, we will describe the functionalities of rCMand 7M.

TCM performs two functionalities: (a) generation of transcoding rule and (b) content
analysis. It generates transcoding rules based on the adaptation policies and sends them
to the proxy through the API. The transcoding rule states condition under which the
proxy should send a transcoding request to the particular application server. For
example, image transcoder accepts only image file format; some transcoders provides

services to only low-bandwidth users (e.g. video transcoder).

10
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Upon request for adaptation service, 7CM performs content analysis on the original
HTTP message based on context information, its adaptation policy and transcoding

rules. It chooses the appropriate Transcoding Modules {TM) for adaptation.

TMs are the modules which actually perform adaptation. 7M receives the original
HTTP message and transcoding parameters from TCM. It adapts multimedia content

and sends the adapted content to the proxy through the 4API.

2.5 Store-and-forward Transcoding and Streamed Transcoding

In the Content Repurposing System, the ICAP-enabled Application Server supports
two different transcoding strategies: store-and-forward transcoding and streamed
transcoding. For store-and-forward media transcoder, it must wait to accumulate an
entire media object before transcoding can begin and then must wait to generate a
transcoded media object before it is made available to be output. For example, typical
command-line interfaces to image conversion libraries are store-and-forward
transcoders that require the input image in its entirety before image processing can

commence, and internally generate a transcoded image in its entirety before making it

available as output.

For streamed media transcoder, it starts writing out media data encoded in an output

format before having fully read in the complete input stream of bytes corresponding to

the whole media object encoded in the input format.

For different transcoding techniques, we apply different transcoding strategies as

shown in following:

(A) Text Transcoding

In text transcoding, the ICAP modification mode is Response Modification. The text
page is fetched by the /CAP-enabled Proxy. And it is streamed to the /CAP-enabled
Application Server with the delay of one buffer block which is 4096 bytes.

11
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For adaptation of text, the transcoder needs to analyze the whole text page before
transcoding. Therefore, at the ICAP-enabled Application Server, adaptation only starts
until the entire text page is fetched from the proxy. We perform store-and-forward
transcoding for text. After the transcoded text page is generated, it is forwarded to the

proxy, where it will be returned to the mobile device.
(B) Image Transcoding

In image transcoding, the ICAP modification mode is Response Modification. Store-

and-forward transcoding is performed.

(C) Audio and Video Transcoding

We use streamed transcoding for both audio and video transcoding. After one buffer
block of media data is streamed to the /CAP-enabled Application Server, transcoding
starts and the server begins to write transcoded media data. After one buffer block of
transcoded image data bytes is accumulated, it is automatically streamed to the proxy.
The proxy will immediately return the byte stream to the mobile device. Blocks of

transcoded data are continuously streamed to the device on-the-fly when transcoding

occurs.

The ICAP modification mode can either be Request Satisfaction or Response
Modification. 1f we need to cache the original media object at the proxy, Response
Modification is used. For example, small original audio and video clips can be cached
at the proxy. Therefore, if the same object is requested next time, transcoder can use
the cached copy for adaptation instead of fetching it from the remote HTTP server.

However, large original video objects will not be replicated due to the limited storage

capacity.

If caching of the original media object is not required, we use Request Satisfaction.
The media object is fetched directly from the /ICAP-enabled Application Server instead

of the proxy. For Request Satisfaction, the media source can be placed locally at the

12
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application server or remotely at original HTTP server; while for Response

Modification, the media source is usually placed at remote origin server.

Audio and Video Streaming
The content repurposing system supports streaming of media files. Video and audio
can be streamed across the Internet from the server to the mobile device. The client can

playback the incoming multimedia stream in real time as the data is received.

There are generally two types of streaming: (a) HTTP streaming and (b) true streaming.
HTTP streaming, also known as progressive streaming is an approach to serve media
files on the Web without the added management requirements and expense of server-
side streaming software. This technique is not well-suited for high-volume sites
serving numerous simultaneous streams, but many smaller Web sites can benefit
tremendously from this simple and inexpensive approach. The server will not detect
user's connection speed. Instead, files optimized for each of the various connection
speeds are made available for users to select themselves. Currently, HTTP-based
approach does not allow for live streaming audio or video presentations because
complete files must be stored on the Web server before they can be accessed. HTTP

does not make efficient use of server resources, and as a result doesn't perform well

under heavy server loads.

In server-based true streaming, it is able to guarantee continuous delivery of media
even if the networks' performance degenerates. If this happens, the video streaming
server will automatically send less video data (thus reducing the quality). If the amount
of available bandwidth decreases more, the video streaming server will degrade video

quality further, until only the audio is left.

Since the system is a HTTP proxy-based adaptation framework, we use HTTP

streaming to serve audio and video data.

13
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Figure 2-1: Overview of the infrastructure for the
ICAP-based Content Repurposing System. Proxy
cache distributes transcoding servers through
ICAP.
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Chapter 3

Transcoding Techniques

Based on the content repurposing framework discussed in Chapter 2, we plugged in
transcoding services to the system. To perform adaptation of multimedia content of
different modalities, four Transcoding Modules were implemented for: (a) text, (b)

images, (c) audio and (d) video.

Multimedia content is transcoded to a format which is optimized to user preferences,

device capability and network condition. Content adaptation provides the following

transcoding functions:

* The encoding format of the media data could be altered, for example translating
HTML page to WML for WAP-enabled device, and transcoding WAV audio to

MP3 format for compression.

» The displayable area of media data is transcoded to fit the display size of tiny
devices.
The quality level of the media data is adapted, for example compressing the file

size of JPEG images by reducing JPEG Quality Factor, and reducing the bit rate of

audio and video files.

We provide transcoding services of text and images for mobile device with only WAP
platform [9]. Wireless Application Protocol (WAP) is a specification for a set of
communication protocols to standardize the way that wireless devices can be used for
Internet access. It represents more than 95 percent of the handsets in the world market
[10]. To display Web content on WAP platform, Wireless Markup Language (WML)
is used for encoding the page and its text; while Wireless Bitmap (WBMP), which is
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Chapter 3 Transcoding Techniques

monochromic, is used for displaying the images. The Text Transcoding Module and
Image Transcoding Module translate Web page and the embedded images to WML
and WBMP respectively.

We provide transcoding services to multimedia content of text, images, audio and

video according to client context information.

3.1 Text Transcoding

The Text Transcoding Module {TM) has three main functionalities:

* To transcode documents from HTML to WML to provide mobile devices with
Internet access in the WAP environment;
* To perform document segmentation for better display on small screens; and

* To reformat page to limit the number of embedded image links for slow networks.

The rule engine at the proxy analyses the client context information to generate the
transcoding parameters and decides the transcoding methodology. Device profile
stores whether the device supports the WAP platform. User profile stores the user
preferences on whether to receive WML or HTML pages. Network Characteristics
stores the network information which is useful to page reformatting. The Transcoding
Control Module {TCM) at server-side performs content analysis on text page. TM

performs adaptation based on transcoding parameters.
(A) HTML to WML

Strict one-to-one mapping of tags between the two markup languages is not necessary
and impossible as well. HTML document is parsed in the system. All tags are

classified into one of the five types (as shown in Figure 3-1):

* Type I Discarded Tags - These tags are discarded together with the content

enclosed inside them. (e.g. <applet>, <param>, <map>, etc)
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Type Il Discarded Tags -These tags are discarded but the content encapsulated are
mapped to WML format, (e.g. <nob> * <Tt>, <Kbd>, etc)

Exact Mapping Tags - These are the common tags of both HTML and WML. (e.g.
<1> , <sht, <meta>, etc)

Rendered Tags — Here, the HTML tag is changed into a similar tag in WML (e.g.
<html> to <wml>).

Emulated Tags - Each of these tags is emulated by a series of WML tags. (e.g. for

tag <frame>, a series of WML tags is used to emulate the layout.)

3.2 Image Transcoding

To perform graphical manipulation such as image transcoding, we used ImageMagick

5.5.7 [11]. The Image Transcoding Module {TM) performs the following functions:

To transcode Web images to WBMP to provide mobile devices with Internet

access in the WAP environment;

To adapt the image area of delivered WBMP, JPEG, GIF and PNG to fit the

displayable area of device.

To compress GIF, JPEG and PNG files to adaptive quality level to reduce

bandwidth consumption for slow network.

(4) WBMP

A WBMP graphic features 1-bit color (either black or white) and, unlike the popular

GIF and JPEG formats prevalent on the Web, is not compressed. To display WBMP

graphic on WAP phones, its size cannot exceed 1,461 bytes because of memory

limitations on current-generation WAP phones. TM performs the mapping of JPEG or

GIF formats into WBMP. Specifically, an input image file is analyzed and classified as

still images and animated GIF files.

Still Images - The original image is first translated to an intermediate image

format, BMP (Bitmap). Color de-quantization and resolution adjustment is
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performed based on the parameters from Transcoding Control Module. Finally,
the BMP format is converted to the WBMP format.

*  Animated GIF Files - Animated GIF files are first disassembled into several still
GIF files where each of them is converted to a WBMP file (Figure 3-2). Then a
WMLScript is used for rendering the animation ofthese still WBMP images.

Since WBMP graphic is not compressed, the file size is solely dependent on image
area. To generate WBMP image of smaller size, we scale down the image to reduce
the number of pixels. The transcoding of graphics to WBMP format features the

following functions:

*  Enabling mobile users with only WAP platform to access Web content.

*  Transcoding the Web content in different manner based on user preferences and
the device capabilities. The transcoded image area is adapted to fit the device
display size.

* Improving the response time by reducing the content size. It converts the

embedded images to WBMP format of smaller size by scaling down the image.

(B) Other Web Images

Embedded images on Web pages mainly comprise of GIF, JPEG and small amount of
PNG images. The Image Transcoding Module reduces the file size of GIF images in
two ways. First, it reduces the number of colors of color-rich images, thereby reducing
the number of bits needed per pixel. Second, the image area is adapted to smaller

display size and lower transmission speed.

For JPEG image, the Image Transcoding Module adapts the file size in two ways. First,
it alters the JPEG Quality Factor. The details in transcoding of images using JPEG
Quality Factor as a transcoding metric will be discussed in the following section.

Second, it alters the image area.

(C) JPEG Quality Factor as a Transcoding Metric
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In JPEG, the compression ratio of the output image is controlled solely by the
quantization tables used during quantization. An all-1's quantizer achieves a
compression ratio that is comparable to a lossless compression algorithm. The JPEG
specification [12] provides standard luminance and chrominance quantization tables
that provide good results for a variety of images. The standard quantization table can
be scaled to vary the compression ratios. Most JPEG compressors allow the user to
specify a range of values for the scaling factor, by specifying a compression metric
called Quality Factor. This Quality Factor is an artifact of JPEG compression.
Different software implementations use different values for Quality Factor. Quality
Factors are not standardized across JPEG implementations. Most of the image
software follows the standard as IJG Library [13] use. IJG Library uses a 0-100 scale,
where 0 is the lowest quality and 100 is the highest. As the Quality Factor is decreased
from 100 ’> image compression improves, but the quality of the resulting image is
significantly reduced. We use ImageMagick to transcode an image to different quality

factors. The resulted images and their file size are shown on Figure 3-3.

In JPEG, the compression ratio of the output image is controlled solely by the
quantization tables used during quantization. An all-1's quantizer achieves a
compression ratio that is comparable to a lossless compression algorithm. The JPEG
specification [12] provides standard luminance and chrominance quantization tables
that provide good results for a variety of images. The standard quantization table can
be scaled to vary the compression ratios. Most JPEG compressors allow the user to
specify a range of values for the scaling factor, by specifying a compression metric
called Quality Factor. This Quality Factor is an artifact of JPEG compression.
Different software implementations use different values for Quality Factor. Quality
Factors are not standardized across JPEG implementations. Most of the image
software follows the standard as IJG Library [13] use. IJG Library uses a 0-100 scale,
where 0 is the lowest quality and 100 is the highest. As the Quality Factor is decreased
from 100 > image compression improves, but the quality of the resulting image is
significantly reduced. We use ImageMagick to transcode an image to different quality

factors. The resulted images and their file size are shown on Figure 3-3.
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JPEG Quality Factor is a good representation of the subjective perceived image quality.
Reduction in JPEG Quality Factor directly translates to loss of image information

quality [14].

ImageMagick 5.5.7 offers package for altering the JPEG Quality Factor of a JPEG
image. But the JPEG Quality Factor is not stored along with the image and the original
JPEG Quality Factor is lost. Without the knowledge of the initial Quality Factor used
to produce an image, ImageMagick might transcode an image with a low initial
Quality Factor to an apparently higher Quality Factor value, even though such an
operation does not increase the information quality of the output transcoded image.
Systems that have used JPEG Quality Factor as a transcoding metric [16 °> 17], have
avoided this problem of not knowing the initial JPEG Quality Factor by transcoding
the images to a sufficiently low quality value, such as Q=5, so that they can transcode

all images to a smaller size.

Surendar Chandra and Duke University develops software, JPEG Quality Predictor,
with simple algorithm to estimate the initial IJG equivalent Quality Factor of a JPEG
image [14, 15]. We tested the accuracy of the predictor for images produced using
ImageMagick 5.5.7. We compressed a reference BMP images using ImageMagick to
five Quality Factors: 5 > 25 50, 75 and 95 respectively. The predicted Quality Factors
are 5, 25, 2> 77’ and 97 respectively. They match closely with the original Quality

Factors.

The Image Transcoding Module utilizes JPEG Quality Predictor to reduce the Quality
Factor of original JPEG image to adaptive quality level.

3.3 Audio Transcoding
We provide transcoding services for MP3 and WAV files. All delivered audio are in
the format of MPS (MPEG Audio Layer-Ill) [21]. MP3 is a standard technology and

format for compression a sound sequence into a very small file (about one-twelfth the
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size of the original file) while preserving the original level of sound quality when it is

played.

MP3 was designed for better quality of audio at lower bit rate. It can be encoded as
MPEG-1 and MPEG-2 Audio Layer-Ill. MPEG-1 provides mono and stereo channel
encoding of audio at 32 > 441 and 48 kHz sampling rates and bit-rates from 32 to 448
kbps. MPEG-2 is a backwards compatible extension to MPEG-1. It was specifically
created for effective compression at lower sampling rates and bit-rates, with up to five
channels, plus one low frequency enhancement channel. MPEG-2 provides encoding
of audio at 16 > 2205 and 24kHz sampling rates for bit rates between 8 to 320 kbps for
Layer-III.

The Audio Transcoding Module uses lame-3.93.1 [18] to transcode audio files to MP3
format of adaptive quality. Lame provides MPEG-1, 2 and 2.5 Layer-1ll encoding.
“MPEG-2.5” is a proprietary non-ISO extension which was created by the Fraunhofer
Institute [22] to improve performance at lower bit rates. At lower bit-rates, this
extension allows' sampling rates of 8 > 11.025 and 24kHz. A high sampling rate at a
very low bit-rate requires a trade-off in reduced resolution. Lowering the sampling rate
reduces the frequency response but allows the frequency resolution to be increased, so

the result is a file with significantly better quality.

The output audio files could be encoded to CBR (constant bitrate) or either one of the
two types of variable bitrate, VBR (variable bitrate) and ABR (average bitrate, as

known as safe bitrate).
The transcoding module aims to provide the following features:

*  To transform WAYV files to MP3 format for compression.

* To alter the bitrate of MPS files for adaptation to network condition for smooth
playback of audio.

* To utilize streamed transcoding for the ICAP-enabled Application Server to

provide HTTP streaming of audio.
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3.4 Video Transcoding

To adaptive control the bit rate of MPEG-1 video, we integrate the technology of
Video Transcoder version 1.0 [19] into Video Transcoding Module {TM). Video
Transcoder version 1.0 is a command-line program which transcodes an MPEG-1 file
in a file-in-file-out way. It provides bit rate control of MPEG-1 video using multiple

transcoding techniques. It combines techniques of requantization and subsampling to

achieve a wider range of output bit rates.

We embed the transcoder into the Video Transcoding Module to support streamed
transcoding. The 7M aims at providing real-time video which can be streamed

smoothly to the client device for better display quality. It has three main functionalities:

*  To adapt the resolution of MPEG-1 video to fit the displayable area of device and
save bandwidth by subsampling.

* To compress MPEG-1 video by automatic bit rate control using adaptive
quantization for adaptation to network bandwidth for smooth playback.

e To utilize streamed transcoding to for the ICAP-enabled Application Server to
provide HTTP streaming of video.
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(a) Original Image, Size: 1.96KB (b) Quality Factor: 75, Size: 1.69 KB
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Figure 3-3: Transcoding of a JPEG image to different Quality

Factors
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Chapter 4

Adaptation Policy

The content repurposing system aims to provide adaptation on two dimensions:

(A) Content Reformatting: For weak mobile device which does not support an
encoding format of the requested content or cannot display the content
appropriately, the transcoder transforms the content to a format which is supported
by the device. For example, for mobile devices with only WAP platform, text and
images are transformed to WML and WBMP; and the resolution of images and

video are scaled down to match with the small display size of the mobile device.

(B) Content Compression'. For mobile device which connects through low bandwidth,
the system transcodes and reformats content to a lower quality to compress the file
size (or bit-rate for real-time media). The reduction in file size may result in
shorter end-to-end latency of retrieving multimedia content. The reduction in

latency requires the trade offin the loss in quality.

Table 4-1 summarizes the three application cases of the system. We use different
adaptation policy on each case. A weak mobile device is a device which cannot present
the requested content appropriately or cannot support an encoding format of the
content. A strong device is one which can present the content appropriately and
support the encoding format. In this chapter, we focus on the analysis of the end-to-end
latency of the content repurposing system. For low-bandwidth clients, as in Case 1 and
3 7 te system transcodes content to a smaller file size (or bit-rate for real-time media).
This results in the reduction in latency. In Case 2 ’ te client connects through a high

bandwidth. Content is reformatted only for better display at the device. Transcoding
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may enlarge the end-to-end latency. In Section 44 ’> we provide the three application

case studies.

Application Cases Adaptation Policies

1 Weak device with

_ . . Content reformatting and content compression
insufficient bandwidth

2 Weak device with
Content reformatting
sufficient bandwidth
3 Strong device with

_ o ) Content compression
insufficient bandwidth

Table 4-1: Application cases and adaptation policies

To perform adaptation, the rule engine generates a set of transcoding parameters that
controls the extent and types of compression performed by the Transcoding Module
{TM). The decision making on the transcoding parameters is based on client's context
information (user profile ’ device profile, and network characteristics). For example,
the scaling parameter determines how much an image or video is downsampled;
number-of-color parameter determines the output number of colors in a colormapped
image file; the encoding-format parameter determines whether the encoding format of
the original media file should be altered (HTML to WML, GIF to WBMP, WAV to
MP3, etc); the quality-factor parameter determines the output Quality Factor of the
JPEG image; the bitrate parameter determines the output bitrate of audio and video
files. Given N transcoding parameters, the iV~tuple space of possible combinations

becomes quite large, which poses a problem for optimized transcoding.

For low-bandwidth clients, to maximize the benefits of transcoding, the rule engine
needs to consider each of the above criteria to determine under which conditions
transcoding is able to reduce the response time. Transcoding of media data is
computational expensive and introduces delay. For slow wireless connection proxy-
client link, the transcoding delay could be compensated by the reduction in

transmission time through compression. The reduction in response time due to media
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compression significantly outweighs the delay due to transcoding operations. But, for
fast proxy-client link, it is not beneficial to transcode content for compression. The
reduction in response time for compression could no longer compensate the expensive
transcoding computations. Therefore, in this case, we only perform content

reformatting for weak devices.

In this Chapter, we perform delay analysis for different transcoding policies. We also
formulate conditions for rule engine to make decision when it is beneficial for the TM
to transcode a media data for low-bandwidth clients. The delay due to text transcoding
is rather static and small when compared with transcoding of media-rich data.

Therefore, we will focus on image, audio and video transcoding in this section.

4.1 Delay Analysis of Content Repurposing System

Rret ICAP-based Content H J_Lht ]
Bandwidth Repurposing System gandwidth J j
Web Ber By A
Client Server Delay Server
D
Media Data of Sj bytes Media Data of S* bytes

Figure 4-1: Delay Analysis 0i ICAP-based Content
Repurposing System

Figure 4-1 shows the model for delay analysis of the system. All analysis is based on
Response Modification where the ICAP-enabled Proxy Server first retrieves the media
data from the Web Server. The ICAP-enabled Application Server performs adaptation
on the media data and the transcoded result is forwarded to the Web Client through the
ICAP-enabled Proxy Server.

The original media is of data size Sq (in bytes). It is downloaded from the Web server
to the [CAP-enabled Proxy Server through a link of bandwidth BiT and network

roundtrip time latency rRTTWT- The transmission link between the proxy server and the
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ICAP-enabled Application Server is fast. Besides, ICAP is a lightweight protocol.
Therefore the delay due to message passing between them is negligible. And we
assume the server delay D is dominated by the transcoding latency at /CAP-enabled
Application Server. The transcoded media is of data size ST. 1t is downloaded to the
mobile client through a link of effective bandwidth Bar and network roundtrip time

latency RTTCT-

In the content repurposing system, we implement store-and-forward and streamed
transcoding. Store-and-forward transcoding is used in adaptation of text and images;
while streamed transcoding is for audio and video streaming media. The two
transcoding strategies would be analyzed separately and discussed in Section 4.2 and

4.3 respectively.

4.2 Store-and-forward Transcoding for Image Files

The performance of the image transcoder {ICAP-enabled Application Server) is
evaluated by the reduction in the response time perceived by the mobile client after we
have put the transcoder at the proxy {/CAP-enabled Proxy Server). Without the
transcoder, the requested image is either fetched from the original server or the cache.
With the transcoder, if the transcoded image has been cached, it is forwarded to the
client. If the transcoded image has not been cached, the original page, which is fetched
from the original server or the cache, is transcoded. The transcoded image is directed

to the client and cached.

When there is no transformation of content occurs, we assume the processing delay of
the ICAP-enabled Proxy Server is negligible. We analyze the system by the following

five cases:
(4) No Adaptation, No Caching:

Without transcoding, if the requested image has not been cached at the proxy, the end-

to-end latency  perceived by the mobile client is given by [17]:
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RE 2RTTH] +2RTTCT+  — (1)

Here, we assume the /CAP-enabled Proxy Server does not introduce any delay on the

message passing between the mobile client and the Web server.
(B) No Adaptation, Original Image Cached:
Without the transcoder, if the requested image is cached at the proxy, the end-to-end

latency R\ perceived by the mobile client is given by [17]:

RI=2RTTct+~" (2)
cT

(C) Adaptation, Cache Misses:

With the transcoder, ifboth the required transcoded image and the original image have

not been cached, the end-to-end latency Ri is given by:

K2 2= zrrray + IRTTer +

¥ 3
BCT Bffrp

The ICAP-enabled Proxy Server stores the requested image fetched from the Web
server, transcodes the content and forwards it to the client.

(D) Adaptation, Original Image Cached:

With the transcoder, if the required transcoded image has not been cached but the

proxy has cached the original one, the end-to-end latency R, is given by:

R,=2RTTct+D +/ 4)
Bct

(E) Adaptation, Transcoded Image Cached:

With the transcoder, if the required transcoded image has been cached, the end-to-end

latency R4 is given by:
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RNIRTTCT ¥ (5)
ct

Typically, mobile device connects outside through a much slower link than the

Transcoding Proxy Server does (i.e. B> »

For the case that the original content is cached, since R*and R >/ R"

comparing equation (2) and (3), te content repurposing system reduces the end-to-end

latency (i.e. Ri > & )irand only if

D J i~ 2Rl ©®

For the case that the original content is not cached, the content repurposing system

reduces the end-to-end latency €57 ° ) ) tand only if

Therefore, for low-bandwidth client, the content repurposing system should perform
transcoding to satisfy inequality (6) or (7). Rule Engine could find the value of  RTTWT,
~cT-and MjfT-from the nerwork characteristics of client's context information. So is also
known. Therefore, for Rule Engine to make decision on adaptation policies, it should
have the ability to predict the output file size St and the transcoding latency D for a

particular set of transcoding parameters.

Transcoding latency depends not only on media processing time (CPU time), but also
on queuing delay caused by the operating system's sharing of the CPU among multiple
processes and threads. The variable delay introduced by the operating system is
especially difficult to predict in non-real-time operating systems. Therefore we predict

the transcoding latency due to media processing only.

In our experiments, the /CAP-enabled Proxy Server runs on Dell System PowerEdge

2400, with dual CPUs, each of Pentium III 667MHz. System memory is 256MB and
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processor bus runs on 133MHz. The image transcoder and audio transcoder runs on
two different machines with the same configuration: Pentium IV 1400MHz with
256MB memory. The video transcoder runs on dual CPUs, each of Pentium III

851MHz. System memoiy is 512MB.

In the following sections, we perform experiments on transcoding of images and

obtain results for Rule Engine to leam how to predict "j-and D.

4.2.1 Distribution of Input Web Images

In our experiments, we only use JPEG images as the input images to the image
transcoder. We collect 3000 JPEG images from the first ten top-rated global Web sites
(by properties) according to Nielsen's Net-ratings in March, 2003 [20]. Figure 4-2
shows the cumulative distribution of the collected input images as a function of their
input number of pixels. 80% of the input images are less than 10K pixels. Figure 4-3
shows the cumulative distribution of the file size of the input images. 90% of the input
images are less than S5KB. Most of the images in Web sites have small image

geometries and small file size.

The Rule Engine determines whether the client browser runs on WAP platform. If yes,
the encoding-format parameter will be set for TM to transcode the Web image to
WBMP format. Otherwise, the output image would remain in its original format. In
this thesis, we would only analyze the performance of the image transcoder for

adaptation of WBMP and JPEG only.

4.2.2 Transcoding Web images to WBMP

We define Po as the number of pixels in the original image and Pr as the output
number of pixels. We transform the set of input images into WBMP. We do not put a
scaling on the output image area. Therefore, P is the same as P q. Figure 4-4 and
Figure 4-5 show the scatter plots of the transcoding latency D versus original image
size Sq and the number of pixels Po respectively. There is no close relationship between
the original image size and the transcoding latency. An input image of larger size does
not necessarily take longer time to transcode. But a strong linear relationship exists

between D and P, g. On Figure 45 ’ te dotted straight line is the fitting ofthe data into a
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linear least-square regression model. The correlation coefficient for the linear
relationship between Dand P Q is 0.99. Therefore, we express D as a linear function of

PO. D{PO).

Figure 4-6 shows the scatter plots of output image data size ST versus original image

pixel number P Q ST does not depend on SO. 1t depends only on P Q Figure 4-7 shows a
strong linear relationship between P 0O and the output image data size ST. This can be
explained by the nature of WBMP images. They are not compressed and its file size

reflects its image area. We express STas a linear function of P 0, ST (P (0 ) -

In the transcoder, the server delay D {P 0) depends on: (a) the number of pixels of the
original message PQ) and (b) the scaling ratio of the pixel number between the original
and transcoded images. It takes longer to transcode an image of higher resolution with
the same scaling ratio. The output size of transcoded image ST(P0) relates tightly to its
original number of pixels P9. Both D{P0) and Sj{P@) are independent of the data size of

the original image So.

Figure 4-8 shows the cumulative distribution of the ratio of the file size of output
WBMP to that of the original Web image. 93% of the output images have their file size
smaller than the original file size. Some output WBMP files have their file size
increased by several times. This occurs for those GIF and JPEG images which have
been highly compressed. They have large image geometries but small file size. This
results in generating large WBMP file. We repeat the experiments by resizing the
geometry of the original images during the transformation to WBMP. We scale down
their width and height both by (a) 25%; (b) 50%; and (c) 75%. From Figure 49 > by
scaling down the width and height by 25% respectively, 90% of the output WBMP
images have their file size less than 8% of their original file size and all output WBMP
images have their file size less than 45% of the original value. Figure 4-10 shows the
transcoding latency versus the number of pixels in the original images for different
level of downsampling. Only the linear regression fitting lines are shown in the
diagram. It shows that the transcoding latency is greatly reduced after we resize the

image to a smaller area for the same input number of pixels.
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4.2.3 Adaptation policy of Transformation to WBMP

From Figure 4-5 and Figure 47 ’ both transcoding latency D and output file size of
WBMP ST have high linear correlation with P Q We express D and ST as linear
functions of P& Rule Engine could predict D and STtrom P& for different level of
downsampling the image. We provide three levels of downsampling the images. We
scale down their width and height both by (a) 25%; (b) 50%; and (c) 75%. For low-
bandwidth clients, Rule Engine determines how much the Web image should be scaled

so that the inequality (6) or (7) is satisfied.

4.2.4 Adaptation policy of JPEG images

The image transcoder provides three measures for adaptation of JPEG files: (a)
reducing the Quality Factor of the original JPEG by 25%, 50% or 75%; (b)
downsampling both the image width and height by 25%, 50% or 75%; and (c)
applying measures (a) and (b) together, that is reducing both the Quality Factor and the

image area.

In this section, we first define transcoding efficiency of a transcoding operation and
present the results. Then we discuss the transcoding latency for different transcoding

measures.

Once the Quality Factor is determined, we can check if the file is sufficiently
compressed. S. Chandra and C. Ellis define transcoding efficiency of a transcoding
operation by the ability to lose more in file size for a particular loss in information
quality [14]. For example, if an image was transcoded to lose 50% of Quality Factor,
the output image size should be less than 50% of the original image for it to be
efficiently transcoded. For some applications, this restriction may be too strict and
these applications may relax the constraint to accept output size of, say, 55% instead of

50%.

We performed experiments on the image transcoder to measure the transcoding
efficiency. Figure 4-11 shows the cumulative distribution of the Quality Factor of the
input images. Figure 4-12 shows the cumulative distribution of the ratio of the output

file size to that of the original JPEG image. We reduce the initial Quality Factor to
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25%, 50% and 75%. By reducing their Quality Factor to 25%, 50% and 75%
respectively, all of the input image could reduce their file size to 55%, 75% and 90%
of their original size. For a given reduction in quality, any change in file size that is
less than the change in quality is an efficient transcoding as the resulting file size is
smaller than the corresponding loss in quality. From Figure 4-12 > we can see that
reducing the initial quality to 25%, 50% and 75% was efficient for 5%, 24% and 56%

of the images respectively.

We find that the percentage of images that can be transcoded efficiently may differ
significantly for different Web sites. Different Web sites have different nature in their
embedded images. Commerce sites, such as ebay.com and amazon.com, would like to
deliver big, high quality images for promoting the listed products to attract subscribers.
News sites, such as CNN.com and abccom ’ use images to reinforce some news story.
The images are secondary to the news being delivered. Hence we expect the images to
be small and of low quality. From the experiments, we find that the initial Quality
Factor affects much on the ratio of the output file size to the original file size. We
plotted the average ratio of output file size to original file size against the initial
Quality Factor in Figure 4-13. The higher the quality of the image, the more the JPEG
image could be compressed. Therefore, we would expect the compression ratio of
images from News sites is lower than that from Commerce sites which consist of high

quality images.

We repeat the experiment on another transcoding measure of resizing the image
geometries. From Figure 414 * by reducing both the image height and width by 25%,
50% and 75% respectively, all of the images could be reduced to 50%, 55% and 80%.

We then combine the above two transcoding measures by both reducing the Quality
Factor and resizing the image geometries. From Figure 4-15 ° by reducing the image
height, image width and Quality Factor to 25%, 50% and 75% respectively, all images
could be reduced to 40%, 45% and 60% of the original file size.
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The results obtained from Figure 4-12, 4-14 and 4-15 provide a good basis for Rule
Engine to gain information of the lower bound of file size reduction after transcoding

for different transcoding measures.

We proceed to the experiments for predicting the transcoding latency for different
adaptation policies. In previous experiment (Figure 4-5), we find that for
transformation of Web images to WBMP format, there is a high correlation between
the transcoding latency and the number of pixels in original image. The experiment
shows the same result in adaptation of JPEG images. Figure 4-16 plots the linear
regression fitting line of transcoding latency against the original number of pixels for
reducing the Quality Factor to 75%, 50% and 25% respectively. We find that the
transcoding latency only differs very slightly for different percentage of Quality Factor
that the image is reduced to. The number of processing blocks in the image does not
change for different reduction in the Quality Factor. However, for transcoding the
image to a lower ratio of the initial Quality Factor, say 25%, the number ofbits that the
transcoder needs to output is fewer. Therefore we would expect a slightly higher

latency for transcoding the Quality Factor to 25% of the initial value than to 75%.

Figure 4-17 plots the transcoding latency for different adaptation policies. The
processing time is higher if we need to resize the image compared with reducing the
Quality Factor alone. If we resize an image more on its geometry, the transcoding
latency would be lowered. This is because the number of processing blocks is reduced
if we perform downsampling on the image and the number of bits that the transcoder
needs to output is fewer. The transcoding latency of reducing both the Quality Factor
and the image geometry is slightly less than that of reducing only the image geometry.
This is because the number of bits that the transcoder needs to output is more. Resizing

the image shows a greater effect on affecting the transcoding latency.

The image transcoder provides nine adaptation policies for adaptation of JPEG images:
(i) reducing the Quality Factor by (a) 25%, (b) 50%, and (c) 75%; (ii) reducing the
image width and height both by (a) 25%, (b) 50%, and (¢) 75%; (iii) reducing the
Quality Factor, image width and height by (a) 25%, (b) 50%, and (c) 75%.
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Figure 4-16 and 4-17 show that the Rule Engine can predict transcoding latency D
from P Q for different adaptation policies. From Figure 4-12, 4-14 and 4-15, the Rule
Engine can predict an upper bound of Stfroqu. For low-bandwidth client, the Rule
Engine can determine the adaptation policy for satisfying the inequality (6) or (7).

4.3 Streamed Transcoding for Audio/Video Files

We perform streamed transcoding for low-bandwidth clients only. In this section we
derive conditions under which it is beneficial for a streamed audio/video transcoder to
perform adaptation. A streamed transcoder starts writing out image data encoded in an
output format before having fully read in the complete input stream of bytes
corresponding to the whole file encoded in the input format. If the media encoding
format supports streaming, media file could be playback at the client's media player
while transcoding is processing on-the-fly at the server side. We utilize the model

presented in [17] as a basis in the analysis of streamed transcoding.

In streamed transcoding, the input image arrives as a stream of bits spaced apart by
MBWT-  The streamed transcoder will take a buffer of Go bits for transcoding, incurring

a small store-and-forward delay D\,

A F ™)

The group of bits is then transcoding into a group of Gj output bits, incurring a

transcoding delay D2.

I SQIGQ (@)

D is the transcoding latency for transcoding So bits of the media file (time for

transcoding the whole file).

If D2< D\, the transcoder can convert each input group of Go bits to its corresponding

output group of Gt bits before the next input group needs to be processed. In this case
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the internal memory requirement of the streamed transcoder is bounded. But, if £>2>
Du the transcoder is not able to process the input bits fast enough and the finite-length

internal RAM buffers ofthe transcoder will overflow given a continuous input stream.
For [h<Du  the group transcoding latency must satisfy

D 0]
<~— or

50 Gg  Bfy.

©)

To transmit the output transcoded groups of Grbits to the client, it takes a transmission

delay £>3 .

- G1
(10)

We assume D2<D\. If Dj< Du each output group of Gj-bits can be sent before the
next output group is ready for transmission. But, if £)i> Di, the output transmission
link cannot send the produced bits fast enough to keep the output queue empty. The
output queue of the transmission link grows without bound given a continuous input

stream.

For <[}, the inequality (11) must be satisfied

~— <~— or

(11)
Fer
where y is the group image compression ratio Gi/Gg, ~which we assume to be on

average equivalent to the overall image compression ratio Sr/So.
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Therefore, streamed transcoding of audio and video files could only perform when
both inequalities (9) and (11) is satisfied. For Rule Engine to make decision on
adaptation policies, it should have the ability to predict the output file size STand the

transcoding latency D for a particular set of transcoding parameters.

In the following sections, we perform experiments on transcoding of audio and video

files and obtain results for Rule Engine to learn how to predict »Srand D,

4.3.1 Audio Transcoding

The audio transcoder transcode original MPS files into MPEG-1, 2, 2.5 Layer m
audio. We provide transcoding of MP3 files from a variety of bit-rates ranging from §
kbps to 128 kbps, withjoint stereo channels. Traditional stereo audio encodes each left
and right channel as a separate stream. Joint stereo takes advantage of the correlations
between two stereo channels. It enables better audio compression by essentially
combining redundant audio information in both stereo channels into a single data
stream. Differences in the two audio channels that are detectable to human hearing are
not combined, so stereo sound is maintained, but in a smaller file size than traditional

stereo would require.

We use Constant Bit-rate (CBR). The compression ratio SQ/ ST 1s the same as the ratio
of original bit-rate to output bit-rate. Table 4-2 shows the sampling rate, coding
standard, transcoding latency per audio frame for different output bit-rates. Except for

encoding audio to 96 kbps, all files could be transcoded within 5 ms per frame.

The MP3 stream is encoded as frames, which are fixed-length block of audio data.
Each frame contains 1152 samples for MPEG-1 audio and 576 for MPEG-2 and
MPEG-2.5. From Table 62 > given the sampling rate Sr and output bit-rate Br” we

could estimate the total transcoding latency D.

s is the number of samples in a frame. Size ofeach frame b (in bits) is given by:
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»SV(in bits) is the estimated output file size which is predicted by the output bit-rate Br'
original bit-rate BR and original file size SQ.

. SnBA
(13)
Then total number of frames # is given by:
SR sS“
r r 1 7 (13)

From Table 6-2, transcoding latency per frame is given by d. The total transcoding

latency for whole stream D is predicted as:

D= =, (14)
BrSr

Output Bitrate Coding Transcoding Latency per frame ~~
Sampling Rate (kHz)

(kbps) Standard (ms)
MPEG-1 411 44T
% MPEG"1 00
M MPEG-2 ~08 22.05
— Mpeg 2 433
32 MPEG-2.5 4173 1103
16 MPEG-2.5 4."n

8 MPEG" 00

Table 4-2: Transcoding Measures of MP3 files.

4.3.2 Video Transcoding

According to [19], Video Transcoder Version 1.0, which was run on a Pentium IV
2.0GHz machine, the processing time per frame of transcoding an MPEG-1 file was
constant and was about 11ms, which is equivalent to 91fps, in the whole range of

achievable bit rates. For VCD-quality MPEG-1 movies, the frame rate is at 30 frames
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per second for NTSC, and 25 frames per second for PAL. We could use the results in
[19] to predict D and S Tgiven that S&) is known. Details are not discussed in this thesis.

4.4 Case Study
As discussed before, there are four application cases as shown in Table 4-1. We

provide each of them with a case study.

4.4.1 Weak Device with Insufficient Bandwidth

We performed experiments to test the performance of the image transcoder for a
mobile client connecting to the proxy by a GPRS (General Packet Radio Services)
WAP-enabled phone with downstream data transmission speed ofup to 40.2kbps. The
phone supports WAP only. We tested the client by retrieving 1000 JPEG files from a
commerce site, ebay.com. All original and transcoded content are not cached at the
proxy. We compare the end-to-end latency with and without image transcoding. The
transcoder performs (a) transformation of JPEG images to WBMP (b) reduction of
image height and width both by 25% for better display on small screen and reduction
in file size. We plot the percentage of end-to-end latency reduced as cumulative
distribution functions, as shown in Figure 4-18. A small percentage of 0.17% of the
images have their end-to-end latency increased after transcoding. Most of the images,
99.83%, have their latency improved. 50% of the images have their latency reduced by

more than 49%.

4.4.2 Weak Device with Sufficient Bandwidth

We test the performance of the image transcoder for a PDA client connecting to the
proxy through high bandwidth. The PDA connects through 802.11b (Wi-Fi) access
point with downstream data transmission speed of up to 11Mbps. Again, we tested the
client by retrieving 1000 JPEG files from a commerce site, ebay.com. Due to the
limited display size of the PDA, the image transcoder adapts images to smaller image
geometries, reduction of image height and width by 25%. The transcoded images
remain in JPEG format and their original Quality Factor. We plot the percentage of

end-to-end latency reduced as cumulative distribution functions, as shown in Figure 4-
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19. 36.8% of the images have their end-to-end latency increased after transcoding. The
computational expense in transcoding could not be compensated by the reduction in

transmission latency by reducing the file size for high-bandwidth clients.

4.4.3 Strong Device with Insufficient Bandwidth

A notebook PC connects through 802.11b (Wi-Fi) access point with downstream data
transmission speed of up to 11Mbps. The client retrieves audio and movie from busy
Web sites. The slow proxy-server link does not support the delivery of high-quality
multimedia content. Therefore the audio/video transcoder adapts the bit-rate of the

multimedia data to a lower level.
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Conclusion

The provision of scalable system in the delivery of edge services is of great interest to
service providers. The ICAP-enabled Content Repurposing System provides a flexible
and scalable platform for distribution of application servers at the network edge

through Web proxy.

The system provides real-time adaptation services for various types of multimedia
content, including text, image, audio and video. The content repurposing system aims
to provide adaptation on two dimensions, confent reformatting and content
compression for different application cases. For content reformatting, the transcoder
transforms multimedia content to a format that can be supported by the device. For
example, we transform Web content for devices which supports only WAP platform.
For content compression, the transcoder reduces the end-to-end latency perceived by

the clients by reducing the quality of content.

The end-to-end latency is regarded as the metric of evaluating the system performance.
We provide delay analysis of different transcoding policies for rule engine to control
the extent of compression and types of transcoding that are performed by ICAP-
enabled applications. We categorize the application cases into four classes and provide
a case study for each of them. The transcoding system could lengthen the end-to-end
latency in some cases at which high bandwidth is available at both client and server
sides. For the case that there is not sufficient bandwidth for the client to receive high-
quality multimedia content, the system reduces the content size or bit-rate and the end-

user enjoys a faster and smoother presentation of multimedia content.
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