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Automated Media Delivery System 

BACKGROUND OF THE INVENTION 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a Continuation-in-Part of U.S. Serial No. 09/929,904, filed August 

14, 2001, now U.S. Patent No. 6,964,009 granted on November 8, 2005, which is a 

10 Continuation of U.S. Serial No., 09/425,326, filed October 21, 1999, now U.S. 

15 

20 

Patent No. 6,792,575, granted on September 14, 2004, all of which are hereby 

incorporated in its entirety by reference. 

TECHNICAL FIELD 

The invention relates to software systems. More particularly, the invention relates to 

an Internet server-based software system that provides delivery of automated 

graphics and other media to Web sites for access by an end user or consumer. 

DESCRIPTION OF THE PRIOR ART 

Most Web sites today are primarily handmade. From the guy publishing a simple 

online technology newsletter from his home, to the Fortune 1000 company's multi-

25 tiered site with hundreds of pages of text, images, and animations, the Web 

developer and each of his HTML-coding and graphics-producing coworkers toil page 

by page and image by image. Thousands of established online companies employ 

hundreds of highly-skilled workers just to produce and maintain their Web sites. 

After all, the Web is now a major selling vehicle and marketing medium for many of 

30 these companies. The Web has even sprouted service industries such as, for 

example, public companies with multi-billion dollar valuations created just to consult 

and produce Web sites for others. 

1 
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Most Web developers who use established WYSIWYG tools in the industry still must 

produce each page on their Web site one by one. The same rate applies to 

preparing and placing images, animations, and other visual assets. Each page 

represents its own set of issues ranging from whether to use GIF, JPEG, or PNG file 

5 formats, to finding the optimum bit depth for each image to ensure the fastest 

downloading through the different browsers of the consumer. The bottlenecked 

state of the customer's workflow to produce graphics for Web pages can be 

described as follows: 

10 

15 

20 

25 

Current Workflow for Creating Web Graphics 

• Original Artwork/Asset Creation 

- Use third-party point products 

• Asset Editing 

- Scale/reduce/slice 

• Asset Format Conversion 

- JPEG/GIF/PNG 

• Asset Staging 

Place in Web file system 

Edit HTML 

• Create/Modify HTML for particular page 

• Store HTML on Web server 

• View final pages 

• Repeat process for each version of each graphic on each page 

Estimated time 

- Two hours per page times the number of pages 

Also, from a user's perspective, the current state of the art is to offer the consumer 

30 zooming and panning capabilities so that by clicking on an image the consumer can 

view more closely or from a different angle. On the horizon are pages with three

dimensional imagery that enable a user to move around a page that can look more 

2 
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like a room than a brochure. While interesting, these features are merely 

incremental improvements to a consumer's surfing experience. 

D. C. A. Bulterman, Models, Media, and Motion: Using the Web to Support 

5 Multimedia Documents, Proceedings of 1997 International Conference on 

Multimedia Modeling, Singapore, 17-20 Nov. 1997 discloses "an effort underway by 

members of industry, research centers and user groups to define a standard 

document format that can be used in conjunction with time-based transport 

protocols over the Internet and intranets to support rich multimedia presentations. 

10 The paper outlines the goals of the W3C's Synchronized Multimedia working group 

and presents an initial description of the first version of the proposed multimedia 

document model and format." 

Text and Graphics on UM/'s ProQuest Direct: The Best (yet) of both Worlds, Online, 

15 vol. 21, no. 2, pp. 73-7, March- April 1997 discloses an information system that 

offers "periodical and newspaper content covering a wide range of business, news, 

and professional topics ... letting the user search both text and graphics and build 

the product to suit. Articles can be retrieved in varying levels of detail: citation, 

abstracts, full text, and text with graphics. Images come in two flavors: Page Image, 

20 a virtual photocopy, and Text+Graphics, in which graphics are stored separately 

from the text and are manipulable as discrete items .... [The system] comes in two • 

versions: Windows and Web." 

John Mills Dudley, Network-Based Classified Information Systems, AU-A-53031/98 

25 (27/08/98) discloses a "system for automatically creating databases containing 

industry, service, product and subject classification data, contact data, geographic 

location data (CCG-data) and links to web pages from HTML, XML, or SGML 

encoded web pages posted on computer networks such as lnternets or 

lntranets .... The ... databases may be searched for references (URLs) to web pages 

30 by use of enquiries which reference one or more of the items of the CCG-data. 

Alternatively, enquiries referencing the CCG-data in the databases may supply 

contact data without web page references. Data duplication and coordination is 

reduced by including in the web page CCG-data display controls which are used by 

3 
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web browsers to format for display the same data that is used to automatically 

update the databases. 11 

Cordell et al, Automatic Data Display Formatting with A Networking Application, U.S. 

5 Patent No. 5,845,084 (Dec. 1, 1998) discloses a placeholder image mechanism. 

"When a data request is made, the data transfer rate is monitored. When the receive 

data transfer rate is slow, and the data contains an embedded graphical image of 

unknown dimensions, a small placeholder image is automatically displayed for the 

user instead of the actual data. The small placeholder image holds a place on a 

10 display device for the data or the embedded graphical image until the data or 

embedded graphical image is received. When embedded graphical image is 

received, the placeholder image is removed, and the display device is reformatted to 

display the embedded graphical image." 

15 Jonathon R. T. Lewis, System For Substituting Tags For Non-Editable Data Sets In 

Hyperlext Documents And Updating Web Files Containing Links Between Data Sets 

Corresponding To Changes Made To The Tags, U.S. Patent No. 5,355,472 (Oct. 11, 

1994) discloses a "hypertext data processing system wherein data sets participating 

in the hypertext document may be edited, the data processing system inserting tags 

20 into the data sets at locations corresponding to the hypertext links to create a file 

which is editable by an editor and the data processing system removing the tags, 

generating a revised data set and updating the link information after the editing 

process. Its main purpose is to preserve the linking hierarchy that may get lost when 

the individual data sets get modified." 

25 

Wistendahl et al, System for Mapping Hot Spots in Media Content Interactive Digital 

Media Program, U.S. Patent No. 5,708,845 (Jan. 13, 1998) discloses a "system for 

allowing media content to be used in an interactive digital media (IDM) program 

[that] has Frame Data for the media content and object mapping data (N Data) 

30 representing the frame addresses and display location coordinates for objects 

appearing in the media content. The N Data are maintained separately from the 

Frame Data for the media content, so that the media content can be kept intact 

without embedded codes and can be played back on any system. The IDM program 

has established linkages connecting the objects mapped by the N Data to other 

4 
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functions to be performed in conjunction with display of the media content. 

Selection of an object appearing in the media content with a pointer results in 

initiation of the interactive function. A broad base of existing non-interactive media 

content, such as movies, videos, advertising, and television programming can be 

5 converted to interactive digital media use. An authoring system for creating IDM 

programs has an object outlining tool and an object motion tracking tool for 

facilitating the generation of N Data. In a data storage disk, the Frame Data and the 

N Data are stored on separate sectors. In a network system, the object mapping 

data and IDM program are downloaded to a subscriber terminal and used in 

10 conjunction with presentation of the media content." 

Rogers et al, Method for Fulfilling Requests of A Web Browser, U.S. Patent No. 

5,701,451 (Dec. 23, 1997) and Lagarde et al, Method for Distributed Task Fulfillment 

of Web Browser Requests, U.S. Patent No. 5,710,918 (Jan. 20, 1998) disclose 

15 essentially "improvements which achieve a means for accepting Web client requests 

for information, obtaining data from one or more databases which may be located on 

multiple platforms at different physical locations on an Internet or on the Internet, 

processing that data into meaningful information, and presenting that information to 

the Web client in a text or graphics display at a location specified by the request." 

20 

Tyan et al, HTML Generator, European Patent Application No. EP 0843276 (May 

20, 1998) discloses "generating an HTML file based on an input bitmap image, and 

is particularly directed to automatic generation of an HTML file, based on a scanned

in document image, with the HTML file in turn being used to generate a Web page 

25 that accurately reproduces the layout of the original input bitmap image." 

TrueSpectra has a patent pending for the technology employed in its two products, 

lrisAccelerate and lrisTransactive. These products are designed for zooming and 

panning and simple image transformations and conversions, respectively. They 

30 support 1 O file formats and allow developers to add new file formats via their SOK. 

They do not require the use of Flashpix for images. However, their documentation 

points out that performance is dependent on the Flashpix format. The system would 

be very slow if a non-Flashpix format was used. 

5 
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TrueSpectra allows the image quality and compression to be set for JPEGs only. 

The compression setting is set on the server and all images are delivered at the 

same setting. 

5 TrueSpectra has a simple caching mechanism. Images in the cache can be cleared 

out automatically at certain times and it does not have any dependency features for 

image propagation. The Web server needs to be brought down in order to update 

any original assets. 

1 .O TrueSpectra does not require plug-ins to operate features such as zooming/panning 

or compositing. The alternative to plug-ins is using their Javascript or active server 

page technology. These technologies are used by many Web sites to provide 

interactivity, but not all Web browsers work correctly with these technologies. 

15 TrueSpectra relies on Flashpix as its native file format and does not support media 

types such as multi-GIFs and sound formats. Flashpix files are typically larger than 

most file formats. Access to files is faster for zooming and panning, but appears to 

be quite slow. 

20 The key to lrisTransactive is the compositing subsystem. It requires three things to 

build a shopping solution using image composition. 

1) The original images must be created. It is suggested that the image be 

converted to Flashpix for better performance. 

2) All of the individual images must be described in XML using the image 

25 composer program. The program allows the editor to specify anchor points, layer 

attributes, and layer names. The resulting file is between 5k and 50k. 

3) The Web designer must place HTML referring to the XML in the Web site. By 

specifying parameters to the XML, the Web designer can turn on or off layers. 

30 The herein above process for compositing images enables Web designers to create 

shopping sites. However, a lot of overhead is the result. The XML documents add 

5k-50k to a Web site. The compositing commands that are embedded in the HTML 

are difficult to understand. And, because the compositing feature requires several 

6 
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steps to implement, it is not suitable for every image on a Web site. The process 

seems to be designed for the specific purpose of shopping. 

MediaBin(TM) is limited to activities behind the firewall automating only the "post

s creative busywork." In addition, MediaBin requires the use of an application server 

to function through a web interface. Thus images may not be directly added to any 

existing web page. 

Macromedia's Generator operates by embedding variables in their proprietary Flash 

10 format. Therefore the actual imaging operations are somewhat limited and cannot 

be controlled directly from a web page request. 

15 

20 

MGI Software sells point solutions that require end-users to download a viewer to 

process a proprietary image format. 

PicturelQ offers a server-side image-processing appliance that provides a limited set 

of Photoshop functionalities. This appliance runs on the web-page server, 

processes information embedded in the web page, and rewrites the web page with 

image data. 

The disclosed prior art fail to provide systems and methodologies that result in a 

quantum leap in the speed with which they can modify and add images, video, and 

sound to sites, in the volume of data they can publish internally and externally, and 

in the quality of the output. The development of such an automated media delivery 

25 system would constitute a major technological advance. 

It would be advantageous to empower an end user with flexibility and control by 

providing interactive page capabilities. 

30 It would be advantageous from an end user's perspective to generate Web pages 

that contain active graphics. For example, clicking on a Corvette image will cause a 

simple menu to pop up suggesting alternative colors and sizes in which to see the 

car. Clicking on portions of the image, such as a fender, can call up a close-in view 

of the fender. 

7 
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It would be advantageous to provide an automated graphics delivery system that 

becomes part of the Web site infrastructure and operates as part of the Web page 

transaction and that thereby provides a less expensive and less time-consuming 

5 process. 

It would be advantageous to provide a system for automated processing and 

delivery of media (images, video, and sound) to a Web server whereby it eliminates 

the laborious post-production and conversion work that must be done before a 

10 media asset can be delivered on a Web server. 

15 

It would be advantageous to create a dynamic Web site, wherein images are 

generated on demand from original assets, wherein only the original assets need to 

be updated, and wherein updated changes propagate throughout the site. 

It would be advantageous to provide a system that generates media based on 

current Web server traffic thereby optimizing throughput of the media through the 

Web server. 

20 It would be advantageous to provide a system that generates media that is 

optimized for the Web client, wherein client connection speed determines optimum 

quality and file size. 

It would be advantageous to provide a system that generates media, whereby the 

25 media is automatically uploaded. 

It would be advantageous to provide a system that automatically caches generated 

media so identical requests can be handled without regeneration of images. 

30 It would be advantageous to provide a system that resides behind the Web server, 

thereby eliminating security issues. 

It would be advantageous to provide a system wherein the client browser does not 

require a plug-in. 

8 
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It would be advantageous to provide a system wherein the system does not require 

any changes to a Web server. 

5 It would be advantageous to provide a system wherein the system manages the 

Web server media cache. 

10 

It would be advantageous to provide a system wherein the Web media is generated 

only if requested by a client browser. 

It would be advantageous for a system to reduce the need for a Web author to 

create different versions of a Web site, the system automatically handling image 

content. 

15 It would be advantageous to provide dynamic imaging capabilities, have a more 

complete set of image processing functionality, and be controlled directly through an 

image URL. 

It would be advantageous to provide an end-to-end solution requiring only a 

20 standard browser that is completely controllable using the proprietary tags contained 

within a simple image link in the web page. 

It would be advantageous to run an image application as a separate server 

controlled directly by single image requests to that server, such that any web server, 

25 even one that is only sending static HTML can access imaging features. 

SUMMARY OF THE INVENTION 

An automatic graphics delivery system that operates in parallel with an existing Web 

30 site infrastructure is provided. The system streamlines the post-production process 

by automating the production of media through content generation procedures 

controlled by proprietary tags placed within URLs embedded within Web documents. 

The author simply places the original media in the system, and adds proprietary tags 

9 
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to the URLs for accessing that media. The system automatically processes the URL 

encoded tags and automatically produces derivative media for the web site from the 

original media. 

5 The system takes as input the client connection, server traffic, content generation 

procedures, and proprietary tags placed within the URL to generate optimized media 

for the client. The need for the Web author to create different versions of a Web site 

is reduced because the image content of the site is automatically handled by the 

system. In addition, generated media is cached such that further requests for the 

10 same media require little overhead. 

Because the invention takes the original media, content generation procedures, and 

proprietary URL tags as inputs for generating the Web media, it is possible to modify 

any of these inputs and have the system automatically update the media on the 

15 associated Web pages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Fig. 1 is a schematic diagram showing the placement of the system within a current 

Web infrastructure according to the invention; 

25 

Fig. 2 is a schematic diagram showing how a typical Web site delivers an HTML 

document and its graphics to a Web browser according to the prior art; 

Fig. 3 is a schematic diagram showing delivery of an HTML document and media to 

a Web browser according to the invention; 

Fig. 4 is a schematic diagram showing the components involved in Web site 

30 administration according to the prior art; 

10 
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Fig. 5 is a schematic diagram showing the components of the system involved in 

Web site administration according to the invention; 

Fig. 6 is a simple overview showing the components of the system according to the 

5 invention; 

Fig. 7 is a schematic diagram showing the process flow of a proprietary enabled 

page delivered to a Web browser according to the invention; 

10 Fig. 8 is a flow chart showing an authoring process according to the invention; 

15 

20 

25 

30 

Fig. 9 is a flow chart showing an HTML parsing process according to the invention; 

Fig. 10 is a flow chart showing a media creation process according to the invention; 

Fig. 11 is a screen shot showing an administration tool according to the invention; 

Fig. 12 displays a structure of a database record used for the system according to 

the invention; 

Fig. 13 shows original media to be processed according to the invention; 

Fig. 14 shows a portion on an HTML document with a proprietary tag according to 

the invention; 

Fig. 15 shows an HTML document and an HTML document source according to the 

invention; 

Fig. 16 shows a generated GIF image according to the invention; 

Fig. 17 is a schematic diagram of an image system within a typical Web 

infrastructure according to the invention; 
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Fig. 18 is a schematic diagram showing delivery of an HTML document and original 

media according to the invention; 

Fig. 19 is a schematic diagram showing components of Web site administration 

5 according to a preferred embodiment of the invention; 

Fig. 20 is a simple overview showing components of the image system according to 

a preferred embodiment of the invention; 

10 Fig. 21 is a schematic diagram showing process flow of a proprietary enabled page 

delivered to a Web browser according to a preferred embodiment of the invention; 

15 

20 

-
Fig. 22 shows a flowchart of a content generation procedure according to a 

preferred embodiment of the invention; and 

Fig. 23 is a flow chart showing an authoring process according to a preferred 

embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

An automatic graphics delivery system that operates in parallel with an existing Web 

site infrastructure is provided. The system streamlines the post-production process 

by automating the production of media through content generation procedures 

25 controlled by proprietary tags placed within URLs embedded within Web documents. 

30 

The author simply places the original media in the system, and adds proprietary tags 

to the URLs for accessing that media. The system automatically processes the URL 

encoded tags and automatically produces derivative media for the web site from the 

original media. 

The system takes as input the client connection, server traffic, content generation 

procedures, and proprietary tags placed within the URL to generate optimized media 

for the client. The need for the Web author to create different versions of a Web site 
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is reduced because the image content of the site is automatically handled by the 

system. In addition, the generated media is cached so that further requests for the 

same media require little overhead. 

5 Because the invention takes the original media, content generation procedures, and 

proprietary URL tags as inputs for generating the Web media, it is possible to modify 

any of these inputs and have the system automatically update the media on the 

associated Web pages. 

10 A detailed description of such automatic media delivery system operating in parallel 

with existing Web site infrastructure is found below in the section under the heading 

as such. 

Fig. 1 is a schematic diagram showing the placement of the system within a current 

15 Web infrastructure according to a preferred embodiment of the invention. The 

system 100 is attached to a Web server 110, which is connected to multiple client 

browsers 120(a-d) via the Internet 130. 

Fig. 2 is a schematic diagram showing how a typical Web site delivers an HTML 

20 document and its graphics to a Web browser according to the prior art. An original 

media 200 is passed to post-production systems 210, wherein the media 200 is 

manipulated by hand and prepared for the Web. The result is a Web media 220. 

The Web media 220 and an associated HTML document 230 referring to the media 

220 by media tags are input to a Web server 110 for a Web browser 120 to view via 

25 the Internet 130. 

Fig. 3 is a schematic diagram showing delivery of an HTML document and media to 

a Web browser according to a preferred embodiment of the invention. An original 

media 200 and an HTML document embedded with proprietary media tags 300 are 

30 input into the system 100. The system 100 generates a Web-safe media 220 and a 

modified HTML document 230 that refers to the Web media, and automatically loads 

them onto the Web server 110 for view by a Web browser 120 via the Internet 160. 
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Fig. 4 is a schematic diagram showing components involved in Web site 

administration according to the prior art. Original media assets 400 are original 

images, video, or sound that have not been prepared for the Web. Web sites 

usually need to manage the placement of media on the network for easy retrieval by 

5 Web designers. Post-production systems 410 vary from Web site to Web site. 

Post-production systems 410 are usually custom procedures that Web designers 

use to convert an original media, such as an image, to one that can be displayed on 

the Web. Post-production systems 410 also upload finished images to Web image 

systems. Web images 420 are Web versions of the original images. Web images 

10 420 are ready for retrieval by the Web server 110 to be delivered to a Web browser 

120. Any image to be modified or updated must pass through the herein above 

three components before it can be delivered to the Web browser 120. HTML pages 

460 have references to Web images 420. 

15 Fig. 5 is a schematic diagram showing the components involved in Web site 

administration according to a preferred embodiment of the invention. Web site 

administration is simplified using the claimed invention. Asset management, . 

automatic image manipulation, automatic image conversion, automatic image 

upload, and automatic disk management 500 are provided by the claimed invention. 

20 

Fig. 6 is a simple overview showing the components of the system according to a 

preferred embodiment of the invention. HTML with proprietary tags 300 is the 

original HTML document that is embedded with proprietary tags which describe how 

the images are to be manipulated for the Web. Java servlet engine 600 is a third-

25 party product that allows the system 100 to interface with the Web server 110 and 

execute Java servlet code. The Web server 110 is third-party software that delivers 

Web pages to a Browser 120. The Browser 120 views Web pages that are sent 

from the Web server 110. Modified HTML with system created images 230 are a 

final result of the system. Modified HTML 230 is a standard HTML document 

30 without proprietary embedded tags and with standard Web graphics. 

The System. 

A preferred embodiment of the system 100 is provided. 
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HTML parsing subsystem 610 parses through an HTML document and searches for 

proprietary tags. If it finds a proprietary tag it hands it to a media caching subsystem 

620 for further processing. The media caching subsystem 620 returns a standard 

HTML tag. The HTML parsing subsystem 610 then replaces the proprietary tag it 

5 found with the returned tag. The parsing subsystem 610 then continues searching 

for a next proprietary tag, repeating the process herein above. The process is 

finished when no more proprietary tags can be found. 

The media caching subsystem 620 determines if an image has been created for the 

10 requested proprietary tag. If the image has already been created and the files that 

built that image have not been modified, the media caching subsystem 620 returns 

an HTML tag that refers to a previously-generated image. If the image has not been 

created, the media caching subsystem 620 hands the HTML tag to a media creation 

subsystem 630. The media creation subsystem 630 returns an image to the media 

15 caching subsystem 620. The media caching subsystem 620 adds the created 

image and the HTML tag to a media cache database 640. 

The media cache database 640 contains references to the created images 645. In a 

preferred embodiment, the references are the script used to create the image, the 

20 names of the images used to create the image, the dates of those files, and the 

HTML that represents the created image. The media caching subsystem 620 

performs lookups in this database to determine if the image has been created. If the 

image has not been created the media caching subsystem 620 calls upon the media 

creation subsystem 630 to create the image and then store the results in the media 

25 cache database 640. 

The media creation subsystem 630 takes a proprietary tag from the media caching 

subsystem 620 and generates an image. The image is generated by deciphering 

the tag and handing it to the media processing engine 650. After the image is 

30 created, the media creation subsystem returns the name of the newly created image 

to the media caching subsystem 620. 
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The media processing engine 650 interprets the proprietary tag and generates the 

image. The media processing engine 650 looks up images in a media repository to 

obtain the location of the original file. 

5 The media repository 660 contains original images 665 used in the system 100. 

Fig. 7 is a schematic diagram showing the process flow of a proprietary enabled 

page delivered to a Web browser according to a preferred embodiment of the 

invention. An original media 200 is created. The media 200 is placed into the 

10 system 100 in the media repository 660. Similarly, an HTML document with 

proprietary tags 300 is created and placed on a Web server 110. A user requests a 

Web page from a Web browser 120. The Web server 110 passes the requested 

page to an HTML parser 610. The HTML parser 610 parses HTML looking for 

media tags. The parser 610 looks up media tags in a media tags database 640. If 

15 the media tag is found, then the system 100 produces a modified HTML document 

230. Otherwise, the media creation subsystem 630 uses the media tag to generate 

a Web media 220. The generated Web media 220 is placed in a media cache 

subsystem 620. The proprietary media tag is converted by a converter 700 to a 

standard HTML tag that refers to the generated media 220 in cache. The media tag 

20 and the HTML equivalent are stored in the media tags database 640. Media tags 

are replaced by standard HTML equivalent to provide a modified HTML document 

230. The modified HTML document 230 is delivered to the Web server 110. The 

Web server 100 delivers the modified HTML document 230 to the browser 120 via 

the Internet for a user to view. 

25 

Fig. 8 is a flow chart showing an authoring process according to a preferred 

embodiment of the invention. The process starts (800) when a user adds an origi_nal 

graphic to the system (810). The user then creates an HTML document that 

contains proprietary media tags (820). The user then places the HTML document 

30 on a Web server (830) and ends the authoring process (840). 

Fig. 9 is a flow chart showing an HTML parsing process according to a preferred 

embodiment of the invention. The process starts (900) when a consumer requests a 

Web page (910). A Web server hands the request of the Web page to the system 
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(920). The system parses the Web page (930). The system looks for a media tag 

(940). If found, the system retrieves the HTML equivalent of the media tag (950) 

and replaces the media tag with the HTML equivalent tag (960). The system 

continues parsing the Web page for tags (970) by returning to step (940). When no 

5 more tags are found, the system delivers the modified Web page to the Web server 

(980) and therein ends the process (990). 

Fig. 10 is a flow chart showing a media creation process according to a preferred 

embodiment of the invention. The process starts (1000) when the system requests 

10 an HTML equivalent to a proprietary media tag (1010). The Media tag is combined 

with bandwidth information (1020). The subsystem checks if the media tag already 

exists in the media tag database (1030). If it does, the subsystem checks if any of 

the original assets used to create the media have been changed (1040). If not, then 

the subsystem retrieves the HTML equivalent tag from the database (1050) and 

15 returns the HTML equivalent tag to the requesting system (1060). If any of the 

original assets used to create the media have been changed (1040), then the 

subsystem removes the media tag entry from the media database (1070) and 

creates the media using the media tag (1080). The subsystem then stores the 

media in a media cache (1090). The subsystem generates the HTML referring to 

20 the generated media (1100) and places the media tag and the HTML equivalent in 

the media tag database (1110). The HTML equivalent is returned to the requesting 

system (1060) and the process stops (1120). 

The differences between using HTML and the proprietary tags disclosed herein are 

25 noted. HTML allows Web designers to create Web page layouts. HTML offers 

some control of the images. HTML allows the Web designer to set the height and 

width of an image. However, all of the other image operations disclosed herein are 

supported by the claimed invention and are not supported by HTML. 

30 Table A herein below provides the claimed proprietary tags according to a preferred 

embodiment of the invention. The use of the term "freeride" refers to an internal 

code name for the invention. 

Table A 
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Tags 

Generate image 

<freerideimage> mediascript </freerideimage> 

5 Generate a standard Web image. 

10 

Generate thumbnail image linked to full image 

<freerideimagethumbnail> mediascript <xs=size ys=size /freerideimagethumbnail> 

Generate a thumbnail of specified size and link it to the full size version. 

Generate zoom and pan image 

<freerideimagezoom> mediascript </freerideimagezoom> 

Generate a zoomable/panable image. 

15 Security 

20 

25 

<freerideimagesecure> </freerideimagesecure> 

Specifies that all images found between these tags are secured images and the system 
will determine access before generating. 

Table B herein below provides the claimed script commands according to a 

preferred embodiment of the invention. Additional commands may be added as 

needed. 

Table B 

Media processing script commands 

Add Noise 

30 Noise_AddNoise( [amount=<value 1 .. 999>} [gaussian] [grayscale]) 

This command adds noise to the image. 

Adjust HSB 

AdjustHsb([hue@ <value ±255>] [saturation@ <value ±255>] [brightness@ <value ±255>]) 

35 This command allows the HSB of an image to be altered. This can be applied to images 
of all supported bit-depths. 

40 

Adjust RGB 

AdjustRgb( [brightness@ <value ±255>] [contrast@ <value ±255>] [red@ <value ±255>] 
[green @ <value ±255>] [blue@ <value ±255>] [noclip@ <true, false>] [invert@ <true, false>]) 
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This command allows the contrast, brightness, and color balance of an image to be 
altered. 

Blur 

5 Blur( radius@ <value 0 .. 30>} 

This command applies a simple blur filter on the image. 

Blur Convolve 

Blur_Blur() 

10 This command commands perform a simple 3x3 convolution for blurring. 

15 

Blur Convolve More 

Blur_MoreBlur() 

This command commands perform a stronger 3x3 convolution for blurring. 

Blur Gaussian 

Blur_GaussianBlur( [radius=<value 0.1 .. 250>]) 

This command applies a Gaussian blur to the image. 

20 Blur Motion 

Blur_MotionBlur( [distance=<value 1..250>] [ang!e=<degrees>]) 

This command applies motion blurring to the image using the specified distance and 
angle. 

25 Brush Composite 

Composite( source@ {<User-Defined Media Object name>} [x@ <pixel>] [y@ <pixel>] 
[onto] [opacity@ <value 0 .. 255>] [color@ <color in hexadecimal>] [colorize@ <true, false>] 
[saturation@ <value 0 .. 255>]) 

This command composites the specified "brush" (foreground) image onto the 
30 current "target" (background) image. 

Colorize 

Colorize( color@ <color in hexadecimal> [saturation@ <value 0 .. 255>]} 

This command changes the hue of the pixels in the image to the specified color. 
35 

Convert 

Convert( rtype @ <bit-depth> {dither @ <value 0 .. 1 0>] ) 

This command converts the image to the specified type/bit-depth. 

40 Convolve 

Convolve( Filter @ <filtername> ) 

This command applies a basic convolution filter to the image. In a user interface driven 
system, the filters could be stored in files and edited/created by the user. 
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5 

Crop/Resize Canvas 

Crop( (xs@ {<pixels>, <percentage+"%">}] (ys@ {<pixels>, <percentage+"%">}] (xo@ <left 
pixel>] 
[yo@ <top pixel>] [padcolor@ <color in hexadecimal>] [padindex@ <value 0 .. 255>]} 

This command crops the media to a specified size. 

Discard 
Discard() 

10 This command removes the designated Media Object from memory. 

Drop Shadow 

DropShadow( (dx@ <pixels>) [dy@ <pixels>] [color@ <color in hexadecimal>] [opacity@ <value 
0 .. 255>] (blur@ <value 0 .. 30>) [enlarge@ <true, false>]) 

15 This command adds a drop shadow to the image based on its alpha channel. 

Equal 
Equal( source @ {<User-Defined Media Object name>}) 

This command compares the current media with the one specified. If the media are 
20 different in any way, an error value is returned. 

Equalize 
Equalize( [brightness@ <-1, 0 .. 20>] [saturation@ <-1, 0 .. 20>1) 

This command equalizes the relevant components of the media. Equalization takes the 
25 used range of a component and expands it to fill the available range. 

Export Channel 
ExportGun( Channel @ <channelname> } 

This command exports a single channel of the source as a grayscale image. 
30 

Find Edges 
Stylize_FindEdges( [threshold=<value 0 .. 255>] [grayscale] [mono] [invert]) 

This command finds the edges of the image based on the specified threshold value. 

35 Fix Alpha 
FixAlpha() 

This command adjusts the RGB components of an image relative to its alpha channel. 

Flip 
40 Flip( <horizontal, vertical> @ <true, false> ) 

This command flips the media vertically or horizontally. 
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Frame Add 

FrameAdd{ Source@ <filename>) 

This command adds the given frame(s) to the specified Media Object. 

5 Glow/Halo 

Glow( Size@ <value 0 .. 30> [halo@ <value O .. size>] [color@ <color in hexadecimal>] 
[opacity@ <value 0 .. 255>] [blur@ <value 0 .. 30>] [enlarge@ <true, false>]) 

This command produces a glow or halo around the image based on the image's alpha. 

10 High Pass 

Other_HighPass( [radius=<value 0.1 .. 250>]) 

This command replaces each pixel with the difference between the original pixel and a 
Gaussian blurred version of the image. 

15 Import Channel 

20 

lmportGun( channel@ <channel name> source@ {<User-Defined Media Object name>} 
[rtype@ <bit-depth>]) 

This command imports the specified source image (treated as a grayscale) and replaces 
the selected channel in the original. 

Load 

Load{ Name@ <filename> [type@ <typename>] [transform@ <true, false>]) 

This command loads a media from the specified file. 

25 Maximum 

Other_Maximum( [radius=<value 1 .. 10>]) 

This command scans the area specified by the radius surrounding each pixel, and then 
replaces the pixel with the brightest pixel found. 

30 Minimum 

Other_Minimum( [radius=<value 1 .. 10>]) 

This command scans the area specified by the radius surrounding each pixel, and then 
replaces the pixel with the darkest pixel found. 

35 Normalize 
Normalize( [clip @ <value 0 .. 20>] ) 

This command expands the volume of the sample to the maximum possible. 

Pixellate Mosaic 

40 Pixellate_Mosaic( [size=<value 2 .. 64>]) 

This command converts the image to squares of the specified size, where each square 
contains the average color for that part of the image. 

Pixellate Fragment 

45 Pixellate_Fragment( [radius=<value 1 .. 16>]) 
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This command produces four copies of the image displaced in each direction (up, down, 
left, right) by the specified radius distance and then averages them together. 

Quad Warp 

5 QuadWarp( [tlx=<position>] [tly=<position>] [trx=<position>] [try=<position>] [blx=<position >] 
[bly=<position>] [brx=<position>] [bry=<position>] [smooth]) 

This command takes the corners of the source image and moves them to the specified 
locations, producing a warped effect on the image. 

10 Reduce to Palette 

Reduce( [colors@ <num colors>] [netscape@ <true, false>] [b&w@ <true, false>] 
[dither@ <value 0 .. 10>] [dithertop@ <value 0 .. 10>] [notbackcolor] (pad@ <true, false>]) 

This command applies a specified or generated palette to the image. 

15 Rotate 

20 

Rotate( Angle@ <value 0 .. 359> [smooth@ <true, false>) [enlarge@ <true, false>) [xs@ 
<pixels>) 
[ys @ <pixels>] } 

This command rotates the media by the specified angle in degrees. 

Rotate 3D 
Rotate3d( [anglex@ <angle ±89>] [angley@ <angle ±89>] (distance@ <value>]) 

This command rotates the image in 30 about either the x-axis or y-axis. 

25 Save 

Save([type@ <image-type>]) 

This command saves a media to the specified file. 

Scale 
30 Scale( [xs@ {<pixels>, <percentage+"%">}] [ys@ {<pixels>, <percentage+"%">}} 

[constrain@ <true, false>] [alg@ {"fast", "smooth", "outline"}] (x1 @ <pixels>] [y1 @ <pixels>] 
[x2@ <pixels>] [y2@ <pixels>]) 

This command scales the image to the specified size. 

35 Select 

40 

Selection( [source@ <User-Defined media Object>}] [remove@ <true, false>] (invert@ <true, 
false>) 
[backcolor] [color=<color>] [index=<value>] [opacity@ <value 0 .. 255>]) 

This command manages the selected region for the current Media Object. 

Set Color 
SetColor( [backcolor@ <color in hexadecimal>] [forecolor@ <color in hexadecimal>] 
[backindex@ <value 0 .. 255>] [foreindex@ <value 0 .. 255>] [transparency@ ("on","off')]) 

This command allows the background color, foreground color, and transparency state of 
45 an image to be set. 

Set Resolution 
SetResolution( [dpi@ <value>] [xdpi@ <value>] [ydpi@ <value>]) 
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This command changes the DPI of the image in memory. 

Sharpen 

Sharpen_ Sharpen() 

5 This command sharpens the image by enhancing the high-frequency component of the 
image. 

Sharpen More 

Sharpen_ SharpenMore() 

1 0 This command sharpens the image by enhancing the high-frequency component of the 
image, but is stronger than the standard sharpening. 

Stylize Diffuse 

Stylize_Diffuse( [radius=<value O .. >] [lighten] [darken]} 

15 This command diffuses the image by randomizing the pixels within a given pixel radius. 

20 

25 

30 

Stylize Embose 

Stylize_Emboss( [height=<value 1 .. 1 O>] [angle=<degrees>] [amount=<percentage 1 .. 500>]) 

This command converts the image to an embossed version. 

Text Drawing 

DrawText( Text@ <string> Font@ <font file> (size@ <value>] 
(color@ <color in hexadecimal>] [smooth@ <true, false>] [<left, right, top, bottom>@ <true, 
false>] 
(x@ <pixel>] [y@ <pixel>] [wrap@ <pixel-width>] Oustify@ {left,center,right}] [angle@ <angle>]) 

This command composites the specified text string onto the image. 

Text Making 
MakeText( text@ <string> font@ <font file> [path@ <path to font directory>] [size@ <value 
1 . .4095>] 
[color@ <color in hexadecimal>] [smooth@ <true, false>] [wrap@ <pixel-width>] 
Oustify@ {left,center,right}] [angle@ <angle>]) 

This command creates a new image that includes only the specified text. 

35 Trace Contour 

Stylize_ TraceContour( [level=<value 0 .. 255>] [upper] [invert] ) 

This command traces the contour of the image at the specified level (for each gun). 

Unsharpen Mask 

40 Sharpen_UnsharpMask( [amount=<percentage 1 .. 500>] [radius=<value 0.1 .. 250>] 
[threshold=<value 0 .. 255>]) 

This command enhances the edges and detail of an image by exaggerating differences 
between the image and a gaussian blurred version of the same image. 
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5 

Zoom 
Zoom( [xs@ <pixels>) [ys@ <pixels>) [scale@ <value>) [x@ <left pixel>] [y@ <top pixel>]) 

This command zooms in on a specified portion of the media and fits it to the specified 
size. This constitutes a crop followed by a scale. 

Table C herein below provides a list of features provided by a preferred embodiment 

of the invention. It is noted that the list of features included in Table C is by no 

means complete. In other embodiments, the list of features is expanded or reduced 

1 0 as needed. 

Table C -System Feature List 

• Reads and writes various file formats: 

15 BMP, GIF, JPG, PNG, TIF, PICT, TGA, PSD, FPX; 

20 

• Suppo11s many image processing operations; 

• Dynamically creates Web images from original assets; 

• Dynamically creates thumbnail images; 

• Dynamically creates images that can be panned and zoomed without browser plug-ins or special 

file formats; 

• Automatically propagates changes of original assets throughout a Web site; 

• Uses an intelligent caching mechanism: 

Clean up image cache on demand; 

Eliminates orphaned image files; and 

25 Optimizes Web server cache by providing most recent images; 

30 

35 

• Renders True Type fonts on the server instead of browser; 

• Uses intelligent scaling of line drawings; 

• Allows Web designers to manipulate images with proprietary tags; 

• Preserves original image assets; 

• Optimizes Web server traffic by adjusting the bandwidth of graphics; 

• Optimizes images for client connection speed; 

• Allows clients to specify the quality of images on a Web site; and 

• Allows Web designers to dynamically create images by manipulating proprietary tags in their 

applications (server or client side). 

Fig. 11 is a screen shot showing an administration tool according to a preferred 

embodiment of the invention. Specifically, Fig. 11 shows an administration page 
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that contains cached images of generated scripts. The use of the term "freeride" 

refers to an internal code name for the invention. 

Fig. 12 displays a structure of a database record used for the system according to a 

5 preferred embodiment of the invention. A Script Table 1200 has 5 columns, Media 

Script 1210, HTML Equivalent 1220, Bandwidth 1230, Generated File 1240, and 

Dependency List 1250. A Dependency Table 1260 has two columns, File Name 

1270 and Modification Date 1280. 

10 Snowboard Store Example. 

Background. 

The snowboard store highlights several features of the claimed system. The 

snowboard store is an imaginary store that allows a user to configure his or her 

snowboard. The store consists of five logos, five board colors, and four boards. 

15 The consumer clicks on the buttons to change the snowboard represented in the 

middle of the screen. When the consumer has configured the snowboard they the 

snowboard can be purchased by selecting a buy button. 

Prior Art Method. 

20 To create the snowboard site today, the Web designer must render all possible 

combinations of the board. The number of combinations is five logos x five board 

colors x four boards = 100. The designer also must render all the buttons. The 

creation process is very tedious and involves a lot of production work. Typically, 

most Web sites do not even attempt such an endeavor. Also, other issues must be 

25 addressed, such as, for example, updating the Web site and scripting. For example, 

updating a single logo involves updating a minimum of 20 images. 

The prior art method sustains a graphic intensive site that requires management of 

at least 100 images. Updates to the Web site are time-consuming and prone to 

30 human error. 

The Claimed Method. 

A preferred embodiment of the method scripts the image creation process in HTML 

to create a dynamic Web site. There is no need to create over 100 images. The 
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claimed system generates images on demand. The Web site only needs to create 

original assets. The scripting process involves writing the proprietary scripts. In the 

current example herein, scripting buttons is very simple. Once one button is 

created, simply copy and paste the HTML to create another button or many buttons. 

5 Only the name of the image to be overlaid on the button must be changed. The 

Webmaster then creates a simple program that reads what object a user has clicked 

on and generates a proprietary tag. The tag is then sent to the claimed system to 

generate a center image. 

10 The claimed method allows the creation of all 100 combinations automatically. 

When the Web site receives an updated image, only the original image needs to be 

updated. Any change to the original image automatically propagates throughout the 

system. The Web site is easier to manage. Testing of the Web site is easier 

because there is no need to test all 100 combinations. A small subset of 

15 combinations will guarantee adequate coverage. 

20 

25 

Processing of an Image Tag Example (Fig. 13-16). 

Fig. 13 shows two original images 1300 and 1310 to be processed according to a 

preferred embodiment of the invention. 

Fig. 14 shows a portion on an HTML document with a proprietary tag 1400, 

<freerideimage></freerideimage> according to a preferred embodiment of the 

invention. The use of the term "free ride" refers to an internal code name for the 

invention. 

Fig. 15 shows an HTML document 1500 as viewed in a browser and an HTML 

document source 1510, according to a preferred embodiment of the invention. The 

use of the term "freeride" refers to an internal code name for the invention. 

30 Fig. 16 shows a generated GIF image 1600 according to a preferred embodiment of 

the invention. 

Automatic media delivery system operating in parallel with existing Web site 

infrastructure. 
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It should be noted that the words, media, graphics, and images are used herein 

interchangeably. 

An automatic graphics delivery system that operates in parallel with an existing Web 

5 site infrastructure is provided. The system streamlines the post-production process 

by automating the production of media through content generation procedures 

controlled by proprietary tags placed within URLs embedded within Web documents. 

The author simply places the original media in the system, and adds proprietary tags 

to the URLs for accessing that media. The system automatically processes the URL 

10 encoded tags and automatically produces derivative media for the web site from the 

original media. 

The system takes as input the client connection, server traffic, content generation 

procedures, and proprietary tags placed within the URL to generate optimized media 

15 for the client. The need for the Web author to create different versions of a Web site 

is reduced because the image content of the site is automatically handled by the 

system. In addition, the generated media is cached so that further requests for the 

same media require little overhead. 

20 Because the invention takes the original media, content generation procedures, and 

proprietary URL tags as inputs for generating the Web media, it is possible to modify 

any of these inputs and have the system automatically update the media on the 

associated Web pages. 

25 A preferred embodiment of the invention is described with reference to Fig. 17. Fig. 

17 is a schematic diagram of an image system within a typical Web infrastructure 

according to the invention. The image system 100 is placed in parallel to an existing 

Web server 110. The image system 100 may be on-site or off-site to the Web 

infrastructure. Multiple client browsers 120a-120d communicate with both the Web 

30 server 110 and the image server 100 via the Internet 130. 

The delivery of an HTML document and media according to a preferred embodiment 

of the invention is described with reference to Fig. 18. Resource locators (URLs) are 

placed within HTML documents 301 accessible to the Web server 110. These URLs 
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direct browsers to generate requests for media to the system 100. The system 

processes such URLs by interpreting the proprietary tags, executing the indicated 

image generation procedures on the original media 200, and returning derivative 

Web-safe media to client browsers 120a-120d via the Internet 130. Additionally, 

5 such generated media is cached on the image server 100 and, therefore need not 

be regenerated for subsequent requests. 

Web site administration according to another preferred embodiment of the invention 

is described with reference to Fig. 19. Fig. 19 is a schematic diagram showing the 

10 components of Web site administration according to a preferred embodiment of the 

invention, whereby Web site administration is simplified. The preferred embodiment 

provides, but is not limited to the following services: asset management, automatic 

image manipulation, automatic image conversion, automatic image upload, 

automatic image customization based on browser characteristics, automatic disk 

15 management, automatic control of proxy caching, and image delivery 501. 

Fig. 20 is a simple overview showing components of the system according to a 

preferred embodiment of the invention. HTML pages with proprietary URL tags 301 

describe how referenced media therein is to be manipulated for Web. Browsers 120 

20 send such tags to the image system 100 as media requests. A server 2000 within 

the image system 100 receives the media requests, decodes the URL tags, and 

retrieves any media that already exists in the media caching system 2010. Non

existent media is subsequently generated by a media creation system 2020 using 

original media 2050 stored in a media repository 2040 and using content generation 

25 procedures 2030. 

30 

The Image System. 

Following is a detailed description of the preferred embodiment of the invention with 

reference to Fig. 21 below. 

The system receives a request for media through a URL containing proprietary tags 

for controlling image generation. The system parses this URL to determine the 

content generation procedure to execute, input to the content generation procedure, 

post-processing directives for, for example, zoom/pan/slice, browser properties, and 
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any cache control directives. Such data is handed to a media caching subsystem 

that returns the requested image if found. If the image is not found, the information 

is handed to the media generation subsystem that executes the specified content 

generation procedure to produce a derivative image. The media generation 

5 subsystem returns one or more images to the media caching system for subsequent 

reuse. 

The media caching subsystem is a mechanism for associating final or intermediate 

derivative media with the procedure, input, and user characteristics used to generate 

10 said media, specified through proprietary tags within the requested URL. This 

system may be implemented using a database, file system, or any other mechanism 

having capability to track such associations. 

The media generation subsystem executes a primary content generation procedure 

15 to produce a derivative image whose identifier is provided to the media caching 

subsystem. This derivative image is composed of one or more original images 

acquired from the media repository. This media is then passed to the dynamic 

image content system, if necessary, to generate a subsequent derivative media 

suitably modified for the needs of zooming, panning, or slice. The resulting media is 

20 passed to the user profile system where it is again modified to account for any 

specific user browser characteristics specified using the proprietary URL tags. This 

media is then returned to the browser, along with any cache control directives 

encoded within the URL, and its identifier is passed to the media caching system for 

subsequent retrieval. 

25 

The dynamic content system operates on intermediate derivative images to 

generate image subsets or scalings used by Web· site designers to implement 

zooming in on an image, panning across an image, slicing an image into parts, and 

the like for special Web page effects. The input to this system is cached by the 

30 media caching system such that the intermediate image need not be regenerated. 

The user profile system operates on the final image about to be returned to the 

browser and may modify the image to account for individual needs of Web site 
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users. The designer of a site is able to implement freely custom post-processing of 

images to meet the specific needs of their clients. 

Fig. 21 is a schematic diagram showing the process flow of a proprietary enabled 

5 page delivered to a Web browser according to a preferred embodiment of the 

invention. Original media 200 is created and placed into the system 100 in a media 

repository 2040. A content generation procedure 2140 is created with instructions 

on how the media is to be transformed to create the desired Web page content. An 

HTML page 301 is created for the Web site comprising the system 100, the page 

10 containing one or more UR Ls directing a browser 120 to request the specified 

content generation procedure 2140 from the system 100 using input parameters 

specified with proprietary tags encoded within the URL. The browser 120 requests 

the Web page 301 from the Web site 110. Upon receipt of the page 301, the 

browser contacts the system 100 requesting media specified in the URL. The 

15 system parses the URL 2100 to determine the content generation procedure 2140 to 

execute, any corresponding input parameters to be used by such procedure, any 

dynamic content processing 2150 to be performed by dynamic media procedures, 

any user profile information 2160 to be used to modify the resulting image, and any 

cache control HTTP headers 2190 the site instructs to accompany the resulting 

20 image. 

The parser generates a unique primary lookup key 2110 for the specified resulting 

media. If the key corresponds to an existing generated media 2180, such media is 

returned immediately to the browser 120 through a media cache 2120, and the 

25 transaction is complete. Otherwise, a media generation occurs. In the case of 

media generation requiring dynamic content processing, a unique secondary lookup 

key corresponding to intermediate media is generated 2130. If intermediate media 

2170 corresponding to this key is found, such media is passed directly to the 

dynamic media content system 2150 having dynamic media procedures, wherein 

30 appropriate action is taken to generate the required derivative from the intermediate 

media data. A unique key is generated for the derivative 2130 and passed to the 

media caching system 2120. If the media caching system finds no such 

intermediate image, such intermediate image is generated according to instructions 

specified by the content generation procedure, cached by the media cache system 
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2120 as a secondary cached media 2170, and passed to the dynamic media system 

2150. Again, appropriate action is taken to generate the required derivative from the 

intermediate image data. 

5 The resulting image after any dynamic media processing is complete, is checked to 

ensure that the image is in a valid Web image format. If not, the image is 

automatically converted into a valid format. 

The final media is passed to a user profile system 2160 wherein browser 

10 characteristics specified through proprietary tags within the URL are inspected, and 

appropriate modification to the media is performed, based on such characteristics. 

The resulting image is handed to the media cache system 2120 for caching and 

returned to the browser 120. 

15 Fig. 22 shows a flowchart of the content generation procedure according to a 

preferred embodiment of the invention. A URL containing proprietary tags (2200) is 

parsed (2210) to determine the content generation procedure to execute, any 

dynamic modifications to the media, user profile characteristics, and proxy-cache 

control. A unique final lookup key is generated for the media (2220) and the media 

20 cache is checked (2230). If the indicated media exists, control passes to proxy

cache control (2290) and the media is delivered to the browser (2295). Otherwise, 

dynamic media system tags are separated from content generation control tags 

(2240) and a unique intermediate image lookup key is generated (2250). The cache 

is then checked for such intermediate media (2261 ). If such intermediate media is 

25 found, it is used directly for dynamic processing, if required. Otherwise, content is 

generated (2262) and cached (2263), and the result is evaluated for dynamic 

processing (2270). If dynamic processing is required, the media is operated upon 

by the dynamic content generator (2271 ), otherwise it is evaluated for valid content 

type (2272). If the content type is invalid, the media is automatically converted to a 

30 valid type (2273). The resulting image is then customized by the user profiling 

system (2280) for specified browser or client attributes. Finally, any cache-control 

directives specified are attached to the response (2290) and the media is delivered 

to the browser {2295). 
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Fig. 23 is a flow chart showing an authoring process according to a preferred 

embodiment of the invention. The process starts (2300) when a user adds an 

original graphic or other media (2310) to the system. The author then creates a 

content generation procedure (2320) containing instruction on how the original 

5 media should be processed to generate the desired Web page content. The user 

then creates an HTML document (2330) that refers to that image by using a URL 

pointing to a content generation procedure on the image server. The system ends 

(2340). The authoring subsystem assists the Web site designer with choosing 

parameters and with designing the content generation procedure such that the 

10 desired Web site graphic is obtained. 

It should be appreciated that differences exist between specifying an image with a 

URL and requesting an image using a content creation process that interprets 

proprietary parameters encoded within a URL. That is, URLs allow Web site 

15 designers to load specific graphic images into a Web page. In contrast and 

according to the invention, URLs containing proprietary content creation tags initiate 

a process whereby graphic images for a site are automatically produced. 

Table D below is a list of example proprietary URL tags used for content generation 

20 within the system according to the preferred embodiment of the invention. 

25 

30 

Additional tags may be added to the system as necessary. 

Table D - Tags 

f=function 

Names the content creation procedure used to generate all or part of the desired graphic. 

args=arguments 

Supplies page dependent parameters used to control the content creation procedure from 
within the Web page. 

cr=crop rectangle 

Specifies that portion of the image generated by the content generation procedure to be 
returned to the browser. 
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5 

10 

15 

st=slice table 

Specifies a rectangular grid to be placed over the image produced by the content generation 
procedure, each portion of which can be returned to the browser. 

sp= slice position 

Specifies that portion of the slice table grid placed over the image generated by the content 
creation procedure to be returned to the browser. 

is=image size parameter 

Specifies scale factors to be applied to any portion of an image generated by any combination 
of a content generation procedure, arguments, crop rectangles, slice tables, and slice positions. 

p=user profile string 

Specifies a user profile identifier used to modify the final image prior to returning the image to 
the browser, thus allowing clients to modify the image returned to the browser to account for 
individual browsing conditions. 

c=cache control 

Specifies a proxy-cache control string to accompany the returned image within an HTTP 
header. 

Table E below is a list of example supported content creation commands according 

to a preferred embodiment of the invention. Additional commands may be added as 

20 necessary. 

Table E - Content Creation Commands 

AdjustHSB 

Allows the HSB ofan image to be altered. 

25 Adjust ROB 

Allows the contrast, brightness, and color balance of an image to be altered. 

Colorize 

Alters the hue of the pixels in the image to that of the specified color. 

Brush Composite 

30 Composites the specified brush image onto the current target image. 

Convert 

Converts the rasters to the specified type/bit-depth. 
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Crop 

Crops the media to the specified size. 

Dropshadow 

Adds a drop shadow to the image, based on the alpha-channel. 

5 Equalize 

Performs an equalization on the relevant components of the media. 

FixAlpha 

Adjusts the RGB components of an image relative to its alpha-channel. 

Flip 

10 Flips the media vertically or horizontally. 

Glow 

Produces a glow or halo around the image. 

Load 

Loads in a media from the specified file. 

15 Normalize 

Similar to equalize, but for audio. 

Reduce 

Reduces the image to a specified palette. 

Rotate 

20 Rotates the media clockwise by the specified angle in degrees. 

Save 

Saves the media to the specified file. 

Scale 

Scales the media to the specified size. 

25 SetColor 

Allows the background color, foreground color, and transparency state of the media to be set. 

Text Drawing 

Composites the specified text onto the image. 
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5 

Text Making 

Zoom 

This command, instead of compositing text onto the target, creates a new image that just 
encloses the text. 

Zooms in on a specified portion of the media, and fits it to the specified size. Effectively this 
constitutes a crop followed by a scale. 

Table F below lists comprises some, and is not limited to all major features of a 

preferred embodiment of the invention. Additional features may be added as 

10 necessary. 

15 

20 

25 

30 

35 

Table F - System Features 

Reads and writes various file formats; 

Suppo11s many image processing operations; 

Dynamically creates Web images from original assets; 

Dynamically creates thumbnail images; 

Dynamically and efficiently creates images that can be panned, zoomed, or sliced from original assets 

without Browser plugins; 

Automatically propagates changes in original assets throughout the Web site; 

Uses an intelligent caching mechanism for both final and intermediate graphics, comprising: 

Clean up cache on demand; 

Eliminates orphaned Web files; and 

Optimizes Web server cache by providing most recent images; 

Renders True-Type fonts on server instead of browser; 

Uses intelligent scaling of line drawings; 

Allows Web designers to manipulate images using a combination of content generation procedures and 

proprietary URL tags; 

Preserves original image assets; 

Optimizes Web server traffic by adjusting the bandwidth of graphics; 

Optimizes images for client connection speed; 

Allows clients to specify the quality of images on a Web site; 

Allow site-specific customized image optimizations for a variety of purposes; and 

Allows Web designers to dynamically create images by manipulating proprietary URL tags in 

app I ications. 

Accordingly, although the invention has been described in detail with reference to a 

particular preferred embodiment, persons possessing ordinary skill in the art to 
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which this invention pertains will appreciate that various modifications and 

enhancements may be made without departing from the spirit and scope of the 

claims that follow. 
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CLAIMS 

1. A computer implemented method for generating and delivering content 

5 comprising media, comprising the steps of: 

10 

15 

20 

25 

30 

parsing a link containing tags to determine any of: 

a content generation procedure to execute and corresponding input to 

said procedure; 

dynamic modifications to perform on said media; 

user profile characteristics; and 

proxy-cache control; 

generating a unique final lookup k~y for said media; 

checking a media cache, using said final lookup key; 

if said media exists in said media cache, then 

passing control to said proxy-cache control; and 

delivering said media; 

if said media does not exist in said media cache, then 

separating dynamic media system tags from content generation control 

tags; and 

generating a unique intermediate image lookup key; 

checking said media cache using said intermediate image lookup key; 

if said intermediate media exists in said media cache, then 

using said intermediate media for further processing; 

if said intermediate media does not exist in said media cache, then 

generating and caching said media, using said intermediate image lookup 

key; 

determining if dynamic processing is required and, if affirmative, then 

operating upon said media by a dynamic content generator; 

determining if content type is valid and, if negative, then 

converting said media automatically to a valid type; 

customizing said media for specified browser or client attributes using a user 

profiling system; 

attaching any specified cache-control directives to a response; and 

delivering said media. 
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2. The method of Claim 1, wherein dynamic processing comprises directives for 

zoom, pan, slice, and the like. 

5 3. A computer implemented method for an end user to generate content comprising 

media, comprising the steps of: 

10 

adding original media to an image system; 

creating a content generation procedure containing instructions for processing 

said original media for said content; and 

creating a document referring to said processed media by using a link 

pointing to said content generation procedure on said image system. 

4. The method of Claim 3, further comprising: 

providing an authoring subsystem, said subsystem assisting with choosing 

15 parameters and with designing said content generation procedure. 

20 

5. An apparatus for generating media, using a page having a link, said link having . 

encoded tags, said apparatus comprising: 

a server for receiving media requests and delivering said media; 

a media repository for storing original media; 

a content generation procedure containing instructions for transforming said 

original media into said media; 

a link tag parser for determining any of: 

said content generation procedure to execute and any corresponding 

25 input parameters to be used by said procedure for generating a primary media to be 

cached; 

dynamic content processing to be performed, if necessary by dynamic 

media procedures; 

user profile information, if any to be used for modification of a resulting 

30 image; and 

cache control headers, if any, to accompany said resulting image; 

a unique primary lookup key generated by said parser and associated with 

said primary cached media, wherein said primary cached media, if existing, is 

delivered as said media through a media cache; and 
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a unique secondary lookup key corresponding to intermediate media requiring 

said dynamic media processing by said dynamic media procedures, thereby 

generating corresponding derivative intermediate media, and said unique secondary 

lookup key corresponding to said derivative intermediate media stored in a 

5 secondary media cache. 

10 

6. The apparatus of Claim 5, wherein any of said original media, said content 

generation procedure, and said link tags are links modified, thereby rendering an 

automatically updated media. 

7. The apparatus of Claim 5, wherein said apparatus is configured in parallel to a 

server infrastructure, said existing server infrastructure providing said media 

requests. 

15 8. The apparatus of Claim 7, wherein said apparatus is configurable to work either 

on-site or off-site to said server infrastructure. 

20 

9. The apparatus of Claim 5, wherein said primary cached media is composed of 

one or more original media images acquired from said media repository. 

10. The apparatus of Claim 5, wherein said derivative intermediate media is suitably 

modified for the needs of zooming, panning, slicing, or the like. 

11. An apparatus for delivering a document and derivative media, comprising: 

25 means for placing within said document having tags, and said document 

30 

accessible to a server by a browser; 

means for, through said browser, said links generating a request for media 

from an image system; 

means for said image system: 

processing said links by interpreting said tags; 

executing an image generation procedure on said media, said procedure 

indicated within said tags; and 

delivering derivative media and said document. 
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12. The apparatus of Claim 11, wherein said generated media is cached on said 

image system, and, whereby upon subsequent requests for said cached media, said 

image system retrieves and delivers said cached media. 

5 13. The apparatus of Claim 11, wherein original media is stored in a media 

repository. 

10 

14. The apparatus of Claim 11, wherein changes in said media are automatically 

propagated to a user. 

15. The apparatus for delivering digital assets to a user, comprising: 

means for placing links within said asset comprising tags that are used to 

execute commands with regards to said assets: 

means for processing said links to execute commands expressed by said 

15 tags; and 

20 

delivering media, as acted upon by said commands, to said user. 

16. Tbe apparatus of Claim 15, wherein said media is automatically delivered to 

said user. 
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5 

Automated Media Delivery System 

ABSTRACT 

An automatic graphics delivery system that operates in parallel with an existing Web 

site infrastructure is provided. The system streamlines the post-production process 

10 by automating the production of media through content generation procedures 

controlled by proprietary tags placed by an author within URLs embedded within 

Web documents. 
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Attorney Docket No. EQUI0001CIP-C 

DECLARATION FOR PATENT APPLICATION 

As a below named inventor, I hereby declare that: 

My residence, post office address, and citizenship are as stated below next to my name; 

I believe I am the original, first, and sole inventor (if only one name is listed below) or an original, first, and 
joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a 
patent is sought on the invention entitled: 

Automated Media Delivery System 

the specification of which (check one) __ is attached hereto, or_ was filed on ___ as Application 
Serial No. ________ and was amended on ___ (if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this application in 
accordance with Title 37, Code of Federal Regulations, Section 1.56(a). 

I hereby claim foreign priority benefits under Title 35, United Sates Code, Section 119 of any foreign 
application(s) for patent or inventor's certificate listed below and have also identified below any foreign 
application for patent or inventor's certificate having a filing date before that of the application on which 
priority is claimed: 

Prior Foreign Application(s) Priority Claimed 
Yes No 

Number Country Day/Month/Year Filed 

Number Country Day/Month/Year Filed 

==========================-----======------------------------
POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) 
to prosecute this application and transact all business in the Patent and Trademark Office connected 
therewith: 

MICHAEL A. GLENN, Reg. No. 30,176 
DONALD M. HENDRICKS, Reg. No. 40,355 
JULIA A. THOMAS, Reg. No. 52,283 
CHRISTOPHER PEIL, Reg. No. 45,005 

SEND CORRESPONDENCE TO: 

MICHAEL A. GLENN, 3475 Edison Way, Suite L, Menlo Park, CA 94025 

===========================--=--------===========-=------==-------------
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I hereby claim the benefit under Title 35, United States code, Section 120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this application is not 
disclosed in the prior United States application in the manner provided by the first paragraph of Title 35, 
United States Code, Section 112, I acknowledge the duty to disclose material information as defined in 
Title 37, Code of Federal Regulations, Section 1.56(a) which occurred between the filing date of the prior 
application and the national or PCT international filing date of this application: 

09/929 904 
Application Ser. No. 

6 792 575 
Patent Number 

Application Ser. No. 

Patent Number 

08/14/2001 
Filing Date 

9/14/2004 
Filing Date 

Filing Date 

Grant Date 

Pending 
Status: Patented, Pending, Abandoned 

Patented 
Status: Patented, Pending, Abandoned 

Status: Patented, Pending, Abandoned 

Status: Patented, Pending, Abandoned 

I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are punishable by fine or imprisonment or 
both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. · 

Full name of sole or first inventor: ___ C;::;....:..;H~R~l=S;....::T_;O=--=--P-"-H.a.;;:E=R....;....;S=A....;..;.a;M.aa.A-"N:....=...:..:I E=-G.=..;:O:;...__ ________ _ 

Inventor's signature ___________________ _ 
Date 

Residence __ 4..:..;6:c...1.:.......:::S=e=c=o.:...:.nd=--=S'-"t'-'re'-"e::.:.t.._S=a=-:...:..n..:..F..:..ra=n:..:.;c=i=sc=o=,"'"'C=-a=l=if=o.:...:.rn=ia="-'9:c...4..;...1:...:0::....:7 _____________ _ 

Post Office Address-------------------------------

Citizenship ---'U=n""'i""te=d=--=S=ta=t=e=s--=o"-f"""A""'m:..:.;e=r-'-'ic=a=----------------------------

Full name of second joint inventor: __ ..;...N;.;;;E=L=S=...;;;O;...;;N...;....;.H~. ' __ 'R--0..=;....;C""'K;...;..;.Y_"--'O~F..;...F..:..N..;.:E=--R'-_______ _ 

Inventor's signature ___________________ _ 
Date 

Residence 172 Ardmore Road, Kensington, California 94707 

Post Office Address-------------------------------

Citizenship -~U~n~i~te~d~S~ta=t~e~s~o~f~A~m~e~r=ic~a~------------------------
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Full name of third joint inventor: _____ A_D_R_I_A_N_D_._T_H_E_W_L_I_S ___________ _ 

Inventor's signature ___________________ _ 
Date 

Residence ______ 4~3~9_S~h ___ e~rw~o~o~d.:....D~ri ___ ve ___ ,~A ..... P"""t"-. =2 ..... 0 ..... 4 ...... ___ S=a=u~sa~l~it~o ...... C=a~lif~o~rn~i=a~94 ___ 9~6~5~--------

Post Office Address-------------------------------

Citizenship ---'-A ..... u~s~t~ra=l=ia~------------------------------

Full name of fourth joint inventor: __ __,;;;D;;..;A__:...,cV....;..l=D_;;_R;;.;.. . ....;aB;;...O=--Y_D-'--_______________ _ 

Inventor's signature ___________________ _ 
Date 

Residence ____ 1=2=-=5;..::6'-'K'"""e=a=r---n._.y-'S""t"-re=e=t"--, -=S=a""'n ..... F ..... r-=a;.:..:n=c=is=c=o.._, C=a=lif""o""'rn:...:..:i=a-a:..94-"-'-13=3"'--___________ _ 

Post Office Address--------------------------------

Citizenship __ U=---ni ..... te~d ....... S ___ ta""'t ___ e~s~o~f~A~m_e ___ r ___ ic~a ___________________________ _ 

Full name of fifth joint inventor: ___ _;D=..,...A.:...;V:...:l-=D:;.......;:C:....:.·....::S=A....::=L=M..:..O=-=-N=-----___;_-------

Inventor's signature ___________________ _ 
Date 

Residence ______ 4:..:2=-S=a:....:.nd=a=l'-'"w:.:::o:..::o:..=dc...:C=-o=u=rt:..:..,_;S::..a=nc..:....:...R=a=fa=e=I"--, -=C'-"a"--'lif'-"o'--'-r.:..:.n=ia:....:9:....4.:..::9c..:0:c::3'--__________ _ 

Post Office Address--------------------------------

Citizenship ----=U=n:...:..:i=te:c::d=-=-S=ta=te=s=-=o..:..f .:....A;.:.;m:..;.;e=r..:..:ic=a"---_______________________ _ 

Full name of sixth joint inventor: ___ J---0-"'--'S'-'H....a...;aU..;..A..;....;..N""'".-'D~E'""'V..;.A..;.;N;..;.... _____________ _ 

Inventor's signature ___________________ _ 
Date 

Residence ___ ---=2=5~S .... te..,t=so=n'-'-'-A"-'v-=e=n=u=e.,_. =Lo=w==e'-'r ---'--'K=e'-'-nt=f=ie"""'ld""''"""'C""'a=l.:.:..ifo=r---n=ia=-=9 ..... 4=90=4-'--__________ _ 

Post Office Address--------------------------------

Citizenship ----'U""n"""i=te=d=-=S=ta=t=e=s-=o..:..f~A~m~e=r ___ ic=-=a ___________________________ _ 

- 3 -

IPR2023-00332 Page 00070



PfOISBJOe (12-04) 
Approved lo, use lhrough 7/31/200e. 0MB oe51.()032 

U.S. Patent and Trademaftl Offlce; U.S. DEPARTMENT OF COMt.tERCE 
Under the::- · Reduction Ad ol 1996 no nal'IOM .,. ,_.,... to ,_nd lo• coltlc:tion ol lnfonnatlon unleM I ~ • vald 0MB conln:lt number. 

PATENT APPLICATION FEE DETERMINATIO~ RECORD App1cat1on
1

°',0oo"Nµmber r 
Substitute ror Fonn PTo-675 Effective December 8. 2004 · \ l \= ◊.\ 0\. \ b 

APPLICATION AS FILED- PART I 
(Column 1) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA 

BASIC FEE 
137 CFR I. lela). (bl. OI ICII 

SEARCH FEE 
(37 CF~ I Ul(IO: (1). OI (ml) 

EXAMINATION FEE 
(37 CFR I. le(ol.' (p). OI (q)) 

TOTAL CLAIMS 
(37 CFR 1. 16(1)) 
INDEPENDENT CLAIMS 
(37 CFB t.t 6(ti)) 

NIA 

NIA NIA. 

NIA N/A 

[ 0 minus20=: • ·C 

APPLICATION SIZE 
FEE 
(37 CFR U 6(a)) 

. Ir the specification and drawings exceed 100 
sheets of paper. the application size ree due 
Is $250 ($125 for small entity) for each 
additional 50 sheets or fraction thereof. See 
35 U.S.C. 41 (a)(1 )CG) and 37 CFR t. t 6(s). 

. MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)l 

• If lhe difference in column 1 is less Ih·an zero, enter -o· in colurM 2. 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) . (Column 3) 

CLAIMS HIGHEST 
,...., REMAINING NUMBER PRESENT. 
- AFTER PREVIOUSLY EXTRA 
r- AMENDMENT PAID FOR . z 1-----~=.;.;.;=.;..;..;-+---+---'-............;...;;.....-+--~ 
W Total • Minus 
'.:?: C37CFR 1.11!(,)) 

0 Independent 
Z . C37CFR I.HI(!>)) 

Minus 

.. 

Wt--___ __,..._ _______ ..._ __ ...._ ____ ...._ ___ --t 

'.:?: Application Size Fee (37 CFR 1.16(s)) c:( ___ ;,.;... ____ ...;,_ __ ......;...;,_ _________ ---t 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16@) 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
a:, REMAINING NUMBER PRESENT 

·!z 
AFTER PREVIOUSLY EXTRA 

AMENDMENT PAID FOR 
w Total . Minus- .. = 
'.:?: (37CFR 1,18(i)) 

0 Independent . Minus . ... = z (37:CFR t.tll(h)) 
w 
'.:?: Application Size Fee (37 CFR 1.16(s)) 
c:( 

ARST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

' 

SMALL ENTITY OR 

RATE ,u FEE rl\ 

NIA 150.00 

NJA $250 

NIA $100 

XS25 . OR 

X100 • 

+180• 

TOTAL 

s 
\ ~ 

SMALL ENTITY 
OR 

RATE (i) ADDI• 
TIONAL 
FEE($) 

XS-25 = OR 

X100 = OR 

+180= · OR 

TOTAL 
AOO'LFEE OR 

RATE($) ADDI-
TIONAL 
FEE($) 

XS25 = OR 

X100 = OR \ 

+180= OR· 

TOTAL. OR 
ADD'LFEE 

• If ihe entry in column 1 ls less than the entry in-column 2, write "O" In column~- · ' 
- ir the "Hlghetit Number Previously Paid Fol" IN THIS SPACE Is less than 20, enter"20". . , _ 

OTHER THAN 
SMALL ENTITY 

RATE t!.\ FEE IS\ 

NIA 300.00 

NIA $500 
NIA $200 

xsso . 
X200 . 

+360-

TOTAL 

OTHER THAN 
SMALL ENTITY 

RATE($) 

X$50 

X200 

+360= 
TOTAL 
ADO'LFEE 

RATE($) 

xsso 
X200-

+360: 

TOTAL 
AOO'.LFEE 

= 

= 

= 

= 

-AOOI
TIONAL 
FEE<Sl 

ADDI-
TIONAL 
FEE($) 

_, If the. "Highest Number Pmviously Paid For" IN THIS SPACE is less t'1an 3, enter "3•. · · · 
The 1-tlahest Number'Previouslv Paid For" (Total or lndeoenden0 Is the hlahest number found In the aDoroorlate box in column 1. . . 

. This collection of-information~ required by 97 CFR 1.16. The Information Is required to obta_ln or ~1~.J••bef~fiL l?y_.the.piJbllc whl.ch Is lo file (and by the ... 
. USPTOto process) an applicabon. Confidentiality Is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection ls.estmated to ~ke 12 minutes t~completd,.·~ 
Including gathering, pn,paring, and submitting the completed application form to the USPTO. Tiine will vary depending upon ~e indrljdual case. Any comme~ 
on the amount of time you require to oomplete lh_ls form end/or sugg!)Sllons for reducing thhl'burden, should be sent to the Chief ln~rmatlon Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce. P.O, Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR C~PLETEO FORMS-TO THIS 
ADDRESS. SEND TO: Comnlssloner for Patents, P.O. Box 1480, . .Alexal')dria, VA 22313-1450. 

- lfyqu need ~stance In completing the form, call._1-800:PT0-9199 and select option 2 

IPR2023-00332 Page 00071



· PATENT APPLICATION SERIAL NO ---------

U.S. DEPARTMENT OF COMMERCE 

PATENT AND TRADEMARK OFFICE 

FEE RECORD SHEET 

11/10/2005 KBETENA1 00000054 071445 11269916 

01 FC:2011 
02 FC:2111 
03. FC:2311 
04 FC:2201 

150.00 DA 
250.00 DA 
100.00 DA 
200.00 DA 

PT0-1556 
(5/87) . 

Q 

IPR2023-00332 Page 00072



_.. 
',J 
0, 
Q) 
(0 

PTO/SB/05 (08-03) 
Approved for use through 07/31/2006. 0MB 0651-0032 

U S Patent and Trademark Office U S DEPARTMENT OF COMMERCE .. 
- tt'.Oier the Paoerwork Reduction Act of 1995 no oersons are reouired to resoond to a collection of information unless it disolavs a valid 0MB control number. 

~ 
.,, 

EQUI0001CIP-C " -i UTILITY Attorney Docket No. 
0 

PATENT APPLICATION First Inventor Samaniego et al 

TRANSMITTAL Title Automated Media Delivery Sys~em 
!-..I 

\.. (Only for new nonprovisional applications under 37 CFR 1. 53(b)) Express Mail Label No. EV 643013657 US tco §i§ -Mall Stop Patent Appllcatlon 
APPLICATION ELEMENTS ADDRESS TO: Commissioner for Patents 

See MPEP chapter 600 concerning utility patent application contents. P.O. Box 1450 
Alexandria VA 22313-1450 

UhJJ ll ·m :::, co 
OC\.I 

I.O 
0 
t
o 
T"" 
-r-

0 7.0 
0,-

II 1. Fee Transmittal Form (e.g., PTO/SB/17) CD-ROM or CD-R in duplicate, large table or ~,-

2. 0 
(Submit an original and a duplicate for fee processing) Computer Program (Appendix) T"" 

Applicant claims small entity status. 8. Nucleotide and/or Amino Acid Sequence Submission 
See 37 CFR 1.27. (if apOabfe, alt necessary) 

3.0 Specification [Total Pages 41 ] a. Computer Readable Form (CRF) 
(preferred arrangement set forth below) 
- Descriptive title of the invention b. Specification Sequence Listing on: 
- Cross Reference to Related Applications 
- Statement Regarding Fed sponsored R & D 

i. D CD-ROM or CD-R (2 copies); or - Reference to sequence listing, a table, 
or a computer program listing appendix 

D - Background of the Invention ii. Paper 
- Brief Summary of the Invention 

D - Brief Description of the Drawings (if filed) c. Statements verifvina identity of above cooies 
- Detailed Description ACCOMPANYING APPLICATION PARTS -Claim(s) 
- Abstract of the Disclosure 

4 [Kl 23 9. D Assignment Papers (cover sheet & document(s)) 
Drawing(s) (35 U.S.C. 113) [Total Sheets I 10. D 37 CFR 3.73(b) Statement 0 Powerof 

5. Oath or Declaration [Total Sheets 03 l 11.D 
(when there is an assignee) Attorney 
English Translation Document (if applicable) 

a. D Newly executed (original or copy) 12. □ Information Disclosure D Copies of IDS 

D Copy from a prior application (37 CFR 1.63(d)) 13.D 
Statement (IDS)/PT0-1449 Citations 

b. Preliminary Amendment 
(for continuation/divisional with Box 18 completed) 14.0 Return Receipt Postcard (MPEP 503) 

i.D DELETION OF INVENTOR($) 15. D 
{Should be specifically itemized) 
Certified Copy of Priority Document(s) 

Signed statement attached deleting inventor(s) (if foreign priority is claimed) 
name in the prior application, see 37 CFR 16. D Nonpublication Request under 35 U.S.C. 122 
1.63(d)(2) and 1.33(b). 

(b)(2)(B){i). Applicant must attach form PTO/SB/35 

6. □ Application Data Sheet. See 37 CFR 1.76 
17. [Kl 

or its equivalent. 
Other: Cer.tifica.te. of. Mailing ... ··························· 

······················ .. ········································ 
18. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite information below and in the first sentence of the 
specification following the title, or in an Application Data Sheet under 37 CFR 1. 76: 

D Continuation D Divisional 0 Continuation-in-part (CIP) of prior application No.P~!.~?~'.~(:)ll ............. 

Prior application information: Examiner Bashore, William L. Art Unft: 2176 
For CONTINUATION OF DIVISIONAL APPS only; The entire disclosure of the prior application, from which an oath or declaration is supplied under Box 
5b, Is considered a part of the disclosure of the accompanying continuation or divisional appllcation and is hereby incorporated by reference. 
The Incorporation can only be retied upon when a portion has been Inadvertently omitted from the submitted application parts. 

19. CORRESPONDENCE ADDRESS 

0 Customer Number: I 22862 I OR D Correspondence address below 

Name 

Address 

City I State I I Zip Code I 
Country /l r-... I Telephone I I Fax I 
Name (Print/Type) Chri,sto ,Yier Peil () ---i--..,. Registration No. (Attorney/Agent) 45 005 
Signature 1/1 A ~ \ [A ./1 ) \ Date I 7 November 2ooe j I 
This collection of informatio~r! .. J'eO' l'iff!"a 'by~~~~1.53(b). Th~ informa~l{m is required to obtain or retain a benefit b~ the public which is_ to file (and by the 
USPTO to process) an apphcat1on. Confident1al1ty 1s governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection 1s estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments 
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Mail Stop Patent Application, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form. call 1-800-PTO-9199 and select option 2. 
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PTOISB/17 (12-04) 
Approved for use through 07/31/2006. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
llnrlP.r thP. P:anP.rwork RP.rl11r.tinn Ar.t nf Hl~!i nn nP.r,.nn" """ rP.n11irP.rl tn rP. .. nnnrl tn "r.nl!P.r.tinn nf infnrm:atinn 11nlP."" it ni,.nl:av"" v:atirl OMR r.nntrnl n11mhP.r 

r Effective on 12108/2004. Complete if Known " Fees oursuant to the Consolidated Aoorooriations Act. 2005 (H.R. 4818). 
Unknown 

FEE TRANSMITTAL 
Application Number 

Filing Date 7 November 2005 
For FY 2005 First Named Inventor Samaniego et al 

Examiner Name Unknown 10 Applicant claims small entity status. See 37 CFR 1.27 
Unknown 

\..TOTAL AMOUNT OF PAYMENT I($) 700.00 
Art Unit 

Attorney Docket No. EQUI0001CIP-C ~ 

METHOD OF PAYMENT (check all that aooly) 

D Check D Credit Card D Money Order ONone Oother (please identify): 

@ Deposit Account Deposit Account Number: 07-1445 Deposit Account Name: Glenn Patent Group 

For the above-identified deposit account, the Director is hereby authorized to: (check all that apply) 

[Z] Charge fee(s) indicated below IC] Charge fee(s) indicated below, except for the filing fee 

@Charge any additional fee(s) or underpayments of fee(s) 
under 37 CFR 1.16 and 1.17 

@ Credit any overpayments 

WARNING: Information on this form may become public. Credit card Information should not be included on this form. Provide credit card 
Information and authorization on PTO-2038. 

FEE CALCULATION 

1. BASIC FILING, SEARCH, AND EXAMINATION FEES 
FILING FEES SEARCH FEES EXAMINATION FEES 

Small Entity Small Entity Small Entity 
A1212lication T:ll12e .E.tt.ru ~ .E.tt.ru EQU$.) .E.tt.ru Fee_($.} Fees Paid {U 

Utility 300 150 500 250 200 100 500.00 

Design 200 100 100 50 130 65 
Plant 200 100 300 150 160 80 
Reissue 300 150 500 250 600 300 
Provisional 200 100 0 0 0 0 

2. EXCESS CLAIM FEES Small Entity 
.E.tt.ru Fee Descri12tion .E.tt.ru 

Each claim over 20 or, for Reissues, each claim over 20 and more than in the original patent 50 25 
Each independent claim over 3 or, for Reissues, each independent claim more than in the original patent 200 100 
Multiple dependent claims 360 180 

Total Claims Extra Claims .E.tt.ru Fee Paid (i} Multi12le De9endent Claims 
16 • 20 or HP= 0 X 0 = 0 .E.tt.ru Fee Paid m 
HP= highest number of total claims paid for, if greater than 20 0 0 

lnde12. Claims Extra Claims ~ Fee Paid {ii 
5 • 3 or'HP = 2 X :IQQ QQ = 20Q.OQ 
HP = highest number of independent claims paid for. if greater than 3 .. 

3. APPLICATION SIZE FEE 
If the specification and drawings exceed I 00 sheets of paper, the application size fee due is $250 ($125 for small entity) 

for each additional 50 sheets or fraction thereof. See 35 U .S.C. 4 l(a)(l )(G) and 37 CFR l.16(s). 
Total Sheets Extra Sheets Number of each i!dditional 50 or fraction thereof ~ Fee Paid m 
64 - 100 = 0 / 50 = 0 (round up to a whole number) X 0 = 0 

4. OTHER FEE(S) Fees Paid (i} 

Non-English Speci71n, $130 fee (no small entity discount) 0 

Other: 0 

SUBMITTED BY I A I ./ I 

Signature V (l/Vt/\ A\ )\A ,/I} I Registration No. 
(Attornev/Aqentl 45,005 Telephone 650-4 7 4-8400 

Name (PrinUType) Christopher Peil 
.., 

Date 7 November 2005 
This collection of information is required by 37 CFR 1.136. The information ihequired to obtain or retain a benefit by the public which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments 
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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PTO/SB/92 (12-97) 
. Approved for use through 9/30/00. 0MB 0651-0031 

Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

GLENN PATENT GROUP 
Customer No. 22862 
3475 Edison Way, Suite L 
Menlo Park, CA 94025 
(Tel) 650-474-8400 
(Fax) 650-474-8401 

Certificate of Mailing under 37 CFR 1.10 

Express Mail Label No. EV 643013657 US 

I hereby certify that this correspondence is being deposited with the United States 
Postal Service with sufficient postage as Express Mail in an envelope addressed to: 

COMMISSIONER FOR PATENTS 
Mail Stop - Patent Applications 
P. 0. Box 1450 
Alexandria, VA 22313-1450 

07 November 2005 on ______________ _ 

Date 

·~ Signature 

Della Revecho 

Docket No. EQUI0001CIP-C 

Typed or printed name of person signing Certificate 

Note: Each paper must have its own certificate of mailing, or this certificate must identify 

each submitted paper. 

Attached to this cover-sheet please find the following documents: 

1. Certificate of Express Mailing (1 sheet); 
2. Utility Patent Application Transmittal (1 page); 
3. Fee Transmittal (1 page, in duplicate); 
4. Declaration and Power of Attorney - unsigned (3 pages); 
5. Specification, Claims, and Abstract (41 pages); 
6. Drawings (23 pages); and 
7. Return postcard 

Burden Hour Statement: This form is estimated to take 0.03 hours to complete. Time will vary depending upon the needs of the individual case. 
Any comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark 
Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, 
Washington. DC 20231. 
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UNITED STATES PATENT AND 'IRAnEMARK 0FF1GE 

Page 1 of2 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent ond TrodemArk Offlce 
Addren:COMMISSIONER FOR PATENTS 

P.O. Box l4S0 
Alo.xandria, Vugirua 22313-l◄S0 
www.wpto.gov 

APPLICATION NUMBER FILINGOR371 (c)DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER 

11/269,916 

22862 
GLENN PATENT GROUP 
3475 EDISON WAY, SUITE L 
MENLO PARK, CA 94025 

11/07/2005 Christopher Samaniego EQUI000ICIP-C 

CONFIRMATION NO. 5707 
FORMALITIES 
LETTER 

Date Mailed: 12/12/2005 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

Items Required To Avoid Abandonment: 

An application number and filing date have been accorded to this application. The item(s) indicated below, 
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all 
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by 
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

• The oath or declaration is unsigned. 

The applicant needs to satisfy supplemental fees problems indicated below. 

The required item(s) identified below must be timely submitted to avoid abandonment: 

• To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or 
declaration) as set forth in 37 CFR 1.16(f) of $65 for a small entity in compliance with 37 CFR 1.27, must be 
submitted with the missing items identified in this letter. 

SUMMARY OF FEES DUE: 

Total additional fee(s) required for this application is $65 for a Small Entity 

• $65 Surcharge. 

Replies should be mailed to: Mail Stop Missing Parts 

Commissioner for Patents 

P.O. Box 1450 

Alexandria VA 22313-1450 
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A copy of this notice MUST be returned with the reply. 

Office of Initial Patent Examination (571) 272-4000, or 1-800-PTO-9199, or 1-800-972-6382 
PART 3 • OFFICE COPY 

Page 2 of 2 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the application of: Samaniego et al Attorney Docket: EQUI0001 CIP-C 
Serial No. 11/269,916 Art Unit: 2176 
Filed: November 7, 2005 Examiner: Unassigned 
Title: AUTOMATED MEDIA DELIVERY SYSTEM 

12 May 2006 

Commissioner of Patents 
Mail Stop -- Missing Parts 
P.O. Box 1450 
Alexandria, VA 22313-1450 

RESPONSE TO NOTICE TO FILE MISSING PARTS 

Sir: 

In response to the Notice to File Missing Parts mailed December 12, 2005, 

enclosed herewith are the following: 

• Certificate of E-Filing (1 page); 
• Copy of Notification of Missing Requirements (2 pages); 
• Response to Notification of Missing Requirements (1 sheet in duplicate); 
• Petition Based Upon Unavailability Of Inventor (2 pages); 
• Copy of Letters to Inventors (6 sheets); 
• Copy of Federal Express Receipts (6 sheets); 
• New Declaration-Oath (3 pages); 
• Statement of Sean Barger (1 page); 
• Consent of Assignee (1 page); and 
• Petition for Extension of Time (1 page in duplicate) 

The Commissioner is authorized to charge the fee of $65.00 for the late Oath 

and Declaration, and any additional fees that may be due and credit any overpayments 

to Deposit Account No. 07-1445 (Order No. EQUI0001CIP-C). A copy of this sheet is 

enclosed for accounting purposes. 

Customer No. 22862 

Respectfully submitted, 

~ul~ 
Julia A. Thomas 
Reg. No. 52,283 
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COPY 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the application of: Samaniego et al Attorney Docket: EQUI0001CIP-C 
SerialNo. 11/269,916 ArtUnit: 2176 
Filed: November 7, 2005 Examiner: Unassigned 
Title: AUTOMATED MEDIA DELIVERY SYSTEM 

12 May 2006 

Commissioner of Patents 
Mail Stop -- Missing Parts 
P.O. Box 1450 
Alexandria, VA 22313-1450 

RESPONSE TO NOTICE TO FILE MISSING PARTS 

Sir: 

In response to the Notice to File Missing Parts mailed December 12, 2005, 

enclosed herewith are the following: 

• Certificate of E-Filing (1 page); 
• Copy of Notification of Missing Requirements (2 pages); 
• Response to Notification of Missing Requirements (1 sheet in duplicate); 
• Petition Based Upon Unavailability Of Inventor (2 pages); 
• Copy of Letters to Inventors (6 sheets); 
• Copy of Federal Express Receipts (6 sheets); 
• New Declaration-Oath (3 pages); 
• Statement of Sean Barger (1 page); 
• Consent of Assignee (1 page); and 
• Petition for Extension of Time (1 page in duplicate) 

The Commissioner is authorized to charge the fee of $65.00 for the late Oath 

and Declaration, and any additional fees that may be due and credit any overpayments 

to Deposit Account No. 07-1445 (Order No. EQUI0001CIP-C). A copy of this sheet is 

enclosed for accounting purposes. 

Customer No. 22862 

Respectfully submitted, 

~A~ 
Julia A. Thomas 
Reg. No. 52,283 
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Application Serial No. 11/269,916 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the application of: S~maniego et al 

Serial No. 11/269,916 

Filed: November 7, 2005 

Attorney Docket: EQUI0001 CIP-C 

Art Unit: 2176 

Examiner: Unassigned 

For: AUTOMATED MEDIA DELIVERY SYSTEM 

12 May 2006 

Sir/Madam: 

PETITION BASED UPON UNAVAILABILITY OF INVENTOR 
(37 CFR § 1.47/MPEP 409.03) 

1. Applicant petitions pursuant to 37 CFR §1.47 that the examination of the above

identified patent application proceed in the absence of a Declaration signed by the 

inventors: Christopher Samaniego, Nelson H. Offner, Adian D. Thewlis, David R. Boyd, 

David C. Salmon and Joshua N. Devan. 

2. Applicant provides herewith copies letters sent via Federal Express to above

mentioned inventors, at their last known addresses, which was returned from Federal 

Express, with no forwarding addresses. A copy of the subject patent application and 

oath and declaration accompanied each letter. Copies of the Federal Express return 

envelopes are enclosed. 

3. Diligentefforts have been used to reach the inventors. 

4. Applicant provides herewith a Statement from Inventor Sean Barger, Consent of 

Assignee, and a Declaration signed by Mr. Barger. 

5. I hereby declare that all statements made herein of my own knowledge are true and 

that all statements made on information and belief are believed to be true; and further 

that these statements made with the knowledge that willful false statements and the like 

so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 

-1-
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Application Serial No. 11/269,916 

18 of the United States Code, and that such willful false statements may jeopardize the 

validity of the application, any patent issuing thereon, or any patent to which this 

statement is directed. 

5. This action is necessary to prevent irreparable damage and to preserve the rights of 

the parties. 

The Commissioner is authorized to charge any fees forth in 37 CFR 1.17 (i), and any 

additional fees that may be due and credit any overpayments to Deposit Account No. 

07-1445 (Order No. EQUI0001CIP-C). 

· Respectfully submitted, 

~.a~ 
Julia A. Thomas 

Reg. No. 52,283 

Customer No. 22862 

-2-

IPR2023-00332 Page 00081



GPG 
CHRISTOPHER SAMANIEGO 
461 Second Street 
San Francisco, CA 94107 

Re: Application Entitled Automated Media Delivery System 
Application No. 11/269,916 
Our File: EQUI0001 CIP-C 

Dear Christopher: 

Glenn Patent Group 
3475 Edison Way, Suite L 
Menlo Park, CA 94025 

Fax 650 474 8401 
glenn-law.com 

13 April 2006 
Via Federal Express 

Enclosed please find a copy of the above-referenced application (specification, claims 
and figures) filed on 07 November 2005, naming you a joint inventor. Additionally 
enclosed is the Declaration and Oath, which requires your signature. 

Please sign and date where indicated, and fax (to 650-474-8401) or mail the documents 
to our office by 20 April 2006. If mailing, a self-addressed, postage paid FedEx 
envelope is provided herewith. 

If we do not receive the signed documents by this date, we will assume that you refused 
to cooperate and sign the declaration for the above-referenced application. 

We look forward to hearing from you soon. For any questions or need further 
information, please contact our office to speak with Michael Glenn, Equilibrium's 
attorney. 

We look forward to receiving the signed Declaration. 

Regards, 

Ila Revecho 
Patent Administrator 

Ider 
Enclosures 
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GPG 
NELSON OFFNER 
172 Ardmore Road 
Kensington, CA 94707 

Re: Application Entitled Automated Media Delivery System 
Application No. ~ 1/269,916 
Our File: EQUI0001 CIP-C 

Dear Nelson: 

Glenn Patent Group 
3475 Edison Way, Suite L 
Menlo Park, CA 94025 

COPY 
Fifx 65D 474 8401 
glenn-law.com 

13 April 2006 
Via Federal Express 

Enclosed please find a copy of the above-referenced application (specification, claims 
and figures) filed on 07 l'Jovember 2005, naming you a joint inventor. Additionally 
enclosed is the Declaration and Oath, which requires your signature. 

Please sign and date where indicated, and fax (to 650-474-8401) or mail the documents 
to our office by 20 April 2006. If mailing, a self-addressed, postage paid FedEx 
envelope is provided herewith. 

If we do not receive the signed documents by this date, we will assume that you refused 
to cooperate and sign the declaration for the above-referenced application. 

We look forward to hearing from you soon. For any questions or need further 
information, please contact our office to speak with Michael Glenn, Equilibrium's 
attorney. 

We look forward to receiving the signed Declaration. 

Ila Revecho 
Patent Administrator 

Ider 
Enclosures 
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GPG 
ADRIAN D. THEWLIS 
439 Sherwood Drive, Apt. 204 
Sausalito, CA 94965 

Re: Application Entitled Automated Media Delivery System 
Application No. 11/269,916 
Our File: EQUI0001 CIP-C 

Dear Adrian: 

Glenn Patent Group 
3475 Edison Way, Suite L 
Menlo Park, CA 94025 

13 April 2006 
Via Federal Express 

Tel 650 474 8400 
Fax 650 474 8401 
glenn-law.corn 

Enclosed please find a copy of the above-referenced application (specification, claims 
and figures) filed on 07 November 2005, naming you a joint inventor. Additionally 
enclosed is the Declaration and Oath, which requires your signature. 

Please sign and date where indicated, and fax (to 650-47 4-8401) or mail the documents 
to our office by 20 April 2006. If mailing, a self-addressed, postage paid FedEx 
envelope is provided herewith. 

If we do not receive the signed documents by this date, we will assume that you refused 
to cooperate and sign the declaration for the above-referenced application. 

We look forward to hearing from you soon. For any questions or need further 
information, please contact our office to speak with Michael Glenn, Equilibrium's 
attorney. 

We look forward to receiving the signed Declaration. 

De Revecho 
Patent Administrator 

Ider 
Enclosures 
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GPG 
DAVID R. BOYD 
1256 Kearny Street 
San Francisco, CA 94133 

Re: Application Entitled Automated Media Delivery System 
Application No. 11/269,916 
Our File: EQUI0001 CIP-C 

Dear David: 

Gleo,ParaatGm"p coev 
3475 Edison Way, Suite L Fax 650 474 8401 
Menlo Park, CA 94025 glenn-law.com 

13 April 2006 
Via Federal Express 

Enclosed please find a copy of the above-referenced application (specification, claims 
and figures) filed on 07 November 2005, naming you a joint inventor. Additionally 
enclosed is the Declaration and Oath, which requires your signature. · 

Please sign and date where indicated, and fax (to 650-474-8401) or mail the documents 
to our office by 20 April 2006. If mailing, a self-addressed, postage paid FedEx 
envelope is provided herewith. 

If we do not receive the signed documents by this date, we will assume that you refused 
to cooperate and sign the declaration for the above-referenced application. 

We look forward to hearing from you soon. For any questions or need further 
information, please contact our office to speak with Michael Glenn, Equilibrium's 
attorney. 

We look forward to receiving the signed Declaration. 

Regards, 

De Revecho 
Patent Administrator 

Ider 
Enclosures 
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GPG 
DAVID C. SALMON 
42 Sandalwood Court 
San Rafael, CA 94903 

Re: Application Entitled Automated Media Delivery System 
Application No. 11/269,916 
Our File: EQUI0001CIP-C 

Dear David: 

Glenn Patent Group 
3475 Edison Way, Suite L '" F 
Menlo Park, CA 94025 glenn-law.com 

13 April 2006 
Via Federal Express 

Enclosed please find a copy of the above-referenced application (specification, claims 
and figures) filed on 07 November 2005, naming you a joint inventor. Additionally 
enclosed is the Declaration and Oath, which requires your signature. 

Please sign and date where indicated, and fax (to 650-474-8401) or mail the documents 
to our office by 20 April 2006. If mailing, a self-addressed, postage paid FedEx 
envelope is provided herewith. 

If we do not receive the signed documents by this date, we will assume that you refused 
to cooperate and sign the declaration for the above-referenced application. 

We look forward to hearing from you soon. For any questions or need further 
information, please contact our office to speak with Michael Glenn, Equilibrium's 
attorney. 

We look forward to receiving the signed Declaration. 

Ila Revecho 
Patent Administrator 

Ider 
_ Enclosures 

f 
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GPG 
JOSHUA N. DEVAN 
25 Stetson Avenue, Lower 
Kentfield, CA 94904 

Re: Application Entitled Automated Media Delivery System 
Application No. 11 /269,916 
Our File: EQUI0001CIP-C 

Dear Joshua: 

Glenn Patent Group 
3475 Edison Way, Suite L 
Menlo Park, CA 94025 

13 April 2006 
Via Federal Express 

Enclosed please find a copy of the above-referenced application (specification, claims 
and figures) filed on 07 November 2005, naming you a joint inventor. Additionally 
enclosed is the Declaration and Oath, which requires your signature. 

Please sign and date where indicated, and fax (to 650-474-8401) or mail the documents 
to our office by 20 April 2006. If mailing, a self-addressed, postage paid FedEx 
envelope is provided herewith. 

If we do not receive the signed documents by this date, we will assume that you refused 
to cooperate and sign the declaration for the above-referenced application. 

We look. forward to hearing from you soon. For any questions or need further 
information, please contact our office to speak with Michael Glenn, Equilibrium's 
attorney. 

We look forward to receiving the signed Declaration. 

Regards, 

Revecho 
Patent Administrator 

Ider 
Enclosures 
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From: Origin ID: (650)474-8400 
"LP!Nlt PATENT GROUP 

3475 Edison Way, Ste. L 

Fedfue 
ExJuess 

Ship Dale: 13APR06 
AclWgl: 1 LB 
Syslem#: 2949728/INET2400 
Account#: S ******•** 

REF: EQUI0001CIP-C 

COPY 
Menlo Park, CA 94025 [§ 

c.LS922J06116.'1' Ill llllllllllllllllll I II I I II IIII Ill I IIIIII II II Ill 111111111111111 
SHIP TO: (000)000-0000 BILL SENDER 

Christopher Samaniego 
Delivery Address Bar Code 

461 Second Street 

San Francisco, CA 94107 
----------------< PRIORITY OVERNIGHT FRI 

TRK# 7914 4542 0838 FORM 
0201 

Deliver By: 
14APR06 

SFO A1 

94107 -CA-US 

WAJCCA 

Shipping Label 

This shipping label constitutes the air way bill for this shipment. ti@lihtSII 
1. Use the "Print" feature from your browser to send this page to your laser printer. 

2. Fold the printed page along the horizontal line. 

3. Place label in shipping label pouch and affix it to your shipment so that the barcode portion of the label can be read and scanned. 

Warning: Use only the printed original label for shipping. Using a photocopy of this label for shipping purposes is fraudulent and could result 
in additional billing charges, along with the cancellation of your FedEx account number. 
Use of this system constitutes your agreement to the service conditions·in the current FedEx Service Guide, available on fedex.com. FedEx will not be responsible 
for any claim in excess of $100 per package, whether the result of loss, damage, delay. non-delivery, misdelivery, or misinformation, unless you declare a higher 
value. pay an additional charge. document your actual loss and file a timely claim. limitations found in the current FedEx Service Guide apply. Your right to 
recover from FedEx for any loss, including intrinsic value of the package, loss of sales, income interest, profit.attorney's fees, costs, and other forms of damage 
whether direct, incidental, consequential, or' special is limited to the greater of $100 or the authorized declared value. Recovery cannot exceed actual documented 
loss. Maximum for items of extraordinary value is $500, e.g. jewelry, precious metals, negotiable instruments and other items listed in our Service Guide. Written 
claims must be filed within strict time lim~s. see current FedEx Service Guide. 
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~~ 
Express 

Ship Date: 13APR06 
Ari#gt: 1 LB 
System#: 2949728/INET2400 
Account#: S ,U,U,t,U,U 

REF: EQUI0001CIP-C 

COPY 
3475 Edison Way, Ste. L 

Menlo Park, CA 94025 [g] 
CLS022JG6116/U II I IIII I IIIII I Ill I II I I IIII I Ill I Ill Ill II 111111111111111 ~ 11111 

SHIPTO: (000)000-0000 

Nelson Offner 

172 Ardmore Road 

BILL SENDER 

Kensington, CA 94707 

Delivery Address Bar Code 

____________ ___, PRIORITY OVERNIGHT FRI 

TRK# 7914 4544 0840 FORM 
0201 

Deliver By: 
14APR06 

OAK A1 

94707 -CA-US 

WAJEMA 

Shipping label 

This shipping label constitutes the air way bill for this shipment. Q@Eiiifflll 
1. Use the "Print" feature from your browser to send this page to your laser printer. 

2. Fold the printed page along the horizontal line. 

3. Place label in shipping label pouch and affix it to your shipment so that the barcode portion of the label can be read and scanned. 

Warning: Use only the printed original label for shipping. Using a photocopy of this label for shipping purposes is fraudulent and could result 
in additional billing charges, along with the cancerfation of your FedEx account number. 
Use of this system constitutes your agreement to the service conditions in the current FedEx Service Guide, available on fedex.com. FedEx will not be responsible 
for any claim in excess of $100 per package, whether the result of loss, damage, delay, non-delivery, misdelivery, or misinformation, unless you declare a higher 
value, pay an additional charge, document your actual loss and file a timely claim. Limitations found in the current FedEx Service Guide apply. Your right to 
recover from FedEx for any loss, including intrinsic value of the package, loss of sales, income interest, profit.attorney's fees, costs, and other forms of damage 
whether direct, incidental, consequential, or special is limited to the greater of $100 or the authorized declared value. Recovery cannot exceed actual documented 
loss. Maximum for items of extraordinary value is $500, e.g. jewelry, precious metals, negotiable instruments and other items listed in our Service Guide. Written 
claims must be filed within strict time limits, see current FedEx Service Guide. 
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From: Origin ID: (650)474-8400 
GLENN PATEMf GROIJP 

3475 Edison Way, Sle. l 

~ .. 
EJpres,l 

Ship Date: 13APR06 
ArJMgt 1 LB 
System#: 2949728/INET2400 
Account#: S .......... 

REF: EQUI0001CIP-C 
Menlo Park, CA 94025 [E] 

CLSl22J8611&11' II I IIII I II II I II II I Ill I II I II I IIII II Ill llll I II I II I I Ill 111111111111111 
SHIPTO: (000)000-0000 

Adrian D. Thewlis 

439 Sherwood Drive 
Apt. 204 
Sausalito, CA 94965 

Bill SENDER Delivery Address Bar Code 

--------------1 PRIORITY OVERNIGHT FRI 

TRK# 7908 8591 6930 FORM 
0201 

Deliver By: 
14APR06 

OAK AA 

94965 -CA-US 

WASRFA 

Shipping Label 

This shipping label constitutes the air way bill for this shipment. fi@k\ilSl9 
1. Use the "Print" feature from your browser to send this page to your laser printer. 

2. Fold the printed page along the horizontal line. 

3. Place label in shipping label pouch and affix it to your shipment so that the barcode portion of the label can be read and scanned. 

Warning: Use only the printed original label for shipping. Using a photocopy of this label for shipping purposes is fraudulent and could result 
in additional billing charges, along with the cancellation of your FedEx account number. 
Use of this system constitutes your agreement to the service conditions in the current FedEx Service Guide, available on fedex.com. FedEx will not be responsible 
for any claim in excess of $100 per package, whether the result of loss, damage, delay, non-delivery, misdelivery, or misinformation, unless you declare a higher 
value, pay an additio.nal charge, document your actual loss and file a timely claim. Limitations found in the current FedEx Service Guide apply. Your right to 
recover from FedEx for any loss, including intrinsic value of the package, loss of sales, income interest, profit.attorney's fees, costs, and other forms of damage 
whether direct, incidental, consequential, or special is limited to the greater of $100 or the authorized declared value. Recovery cannot exceed actual documented 
loss. Maximum for items of extraordinary value is $500, e.g. jewelry, precious metals, negotiable instruments and other items listed in our Service Guide. Written 
claims must be filed within stri.ct time limits, see current FedEx Service Guide. 
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From· OrjgjQ ID: (650)474-8400 
GLENN PATENT GROUP 

3475 Edison Way, Ste. L 

Ship Dale: 13APR06 
AdWgl: 1 LB 
System#: 2949728/INET2400 
Account#: S uuu ..... 

REF: EOUI0001CIP-C 
Menlo Park, CA 94025 

ClSlt22J8611611S Ill llllllllllllllllllll II II II I I IIII IIII IIIIII II II Ill Ill II II IIII I Ill 
SH IP TO: (000)000-0000 

David R. Boyd 

1256 Kearny Street 

BILL SENDER 

San Francisco, CA 94133 

Delivery Address Bar Code 

---------------1 PRIORITY OVERNIGHT FRI 

TRK# 7914 4548 2273 FORM 
0201 

Deliver By: 
14APR06 

SFO A1 

94133 -CA-US 

WAAPCA 

Shipping Label 

This shipping label constitutes the air waybill for this shipment. Q@li!DRI 
1. Use the "Print" feature from your browser to send this page to your laser printer. 

2. Fold the printed page along the horizontal line. 

3. Place label in shipping label pouch and affix it to your shipment so that the barcode portion of the label can be read and scanned. 

Warning: Use only the printed original label for shipping. Using a photocopy of this label for shipping purposes is fraudulent and could result 
in additional billing charges, along with the cancellation of your FedEx account number. 
Use of this system constitutes your agreement to the service conditions in the current FedEx Service Guide, available on fedex.com. FedEx will not be responsible 
for any daim in excess of $100 per package, whether the result of loss, damage, delay, non-delivery, miscfelivery, or misinformation, _unless you dedare a higher 
value, pay an additional charge, document your actual loss and file a timely daim. Limitations found in the current FedEx Service Guide apply. Your right to 

, recover from FedEx for any loss, induding intrinsic value of the package, loss of sales, income interest, profit.attorney's fees, costs, and other forms of damage 
whether direct, incidental, consequential, or special is limited to the greater of $100 or the authorized declared value. Recovery cannot exceed actual documented 
loss. Maximum for items of extraordinary value is $500, e.g. jewelry. precious metals, negotiable instruments and other items listed in our Service Guide. Written 
claims must be filed within s1rict time limits, see current FedEx Service Guide. 
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From: Origin ID: (650)474-8400 
GLENN PATENT GROUP 

Ship Date: 13APR06 
Ar:Nvgt: 1 LB 
System#: 2949728/INET2400 
Account#: S ... .,. .. ** 

REF: EQUI0001CIP-C 

COPY 
3475 Edison Way, Sle. L 

Menlo Park, CA 94025 

CLS822J0611&1' 

Ill 1111111111111111111111111111111111111111111111111111111111111111111 
SHIP TO: (000)000-0000 

David C. Salmon 

42 Sandalwood Court 

San Rafael, CA 94903 

BILL SENDER Delivery Address Bar Code 

____________ ___, PRIORITY OVERNIGHT FRI 

TRK# 7903 9401 7656 FORM 
0201 

Deliver By: 
14APR06 

, I 

Shipping Label 

94903 
DSR 

This shipping label constitutes the air waybill for this shipment. 

-CA-US 

1. Use the "Print" feature from your browser to send this page to your laser printer. 

2. Fold the printed page along the horizontal line. 

OAK A2 

WASRFA 

41/MEh•i!III 

3. Place label in shipping label pouch and affix it to your shipment so that the barcode portion of the label can be read and scanned_ 

Warning: Use only the printed original label for shipping. Using a photocopy of this label for shipping purposes is fraudulent and could result 
in additional billing ~harges, along with the cancellation of your FedEx account number. 
Use of this system constitutes your agreement to the service conditions in the current FedEx Service Guide, available on fedex.com. FedEx will not be responsible 
for any claim in excess of $100 per package, whether the result of loss, damage, delay, non-delivery, misdelivery, or misinformation, unless you declare a higher 
value, pay an additional charge, document your actual loss and file a timely claim. Limitations found in the current FedEx Service Guide apply. Your right to 
recover from FedEx for any loss, including intrinsic value of the package, loss of sales, income interest, profit,attorney's fees, costs, and other forms of damage 
whether direct, incidental, consequential, or special is limited to the greater of $100 or -the authorized declared value. Recovery cannot exceed actual documented 
loss. Maximum for items of extraordinary value is $500. e.g. jewelry, precious metals, negotiable instruments and other items listed in our Service Guide. Written 
claims must be filed within strict time limits, see current FedEx Service Guide. 
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~in ID: (650)474-8400 
GLENN PATENT GROUP 

3475 Edison Way, Ste. L 

~~ 
Expres.s 

Ship Date: 13APR06 
Ac!Wgt 1 LB 
System#: 2949728/INET2400 
Account#: S .......... . 

REF: EQUI0001CIP-C 

COPY 
Menlo Park, CA 94025 (El 

CLSO:l.2306116/'H Ill 11111111111111111 ~ II II IIII I IIII IIIIII I Ill I II II IIIII II IIIIIII Ill 111111111111111111 
SHIPTO: (000)000-0000 

Joshua N. Devan 
BILL SENDER 

25 Stetson Avenue, Lower 

Kentfield, CA 94904 

Delivery Address Bar Code 

--------------1PRIORITY OVERNIGHT FRI 

TRK# 7914 4550 

94904 -CA-US 

Shipping Label 

This shipping label constitutes the air waybill for this shipment. 

1. Use the "Print" feature from your browser to send this page to your laser printer. 

2. Fold the printed page along the horizontal line. 

6116 FORM 
0201 

Deliver By: 
14APR06 

OAK A2 

WASRFA 

flt#Mi/119 

3. Place label in shipping label pouch and affix it to your shipment so that the barcode portion of the label can be read and scanned. 

Warning: Use only the printed original label for shipping. Using a photocopy of this label for shipping purposes is fraudulent and could result 
in additional billing charges, along with the cancellation of your FedEx account number. 
Use of this system constitutes your agreement to the service conditions in the current FedEx Service Guide, available on fedex.com. FedEx will not be responsible 
for any ciaim in excess of $100 per package, whether the result of loss, damage, delay, non-delivery, misdelivery, or misinformation, unless you dedare a higher 
value, pay an additional charge, document your actual loss and file a timely claim. Limitations found in the current FedEx Service Guide apply. Your right to 
recover from FedEx for any loss, induding intrinsic value of the package, loss of sales, income interest. profit.attorney's fees, costs, and other forms of damage 
Nhether direct, incidental, consequential, or special is limited to the greater of $100 or the authorized declared value. Recovery cannot exceed actual documented 
oss. Maximum for items of extraordinary value is $500, e.g. jewelry, precious metals, negotiable instruments and other items listed in our Service Guide. Written 
::!aims must be filed within strict time limits, see current FedEx Service Guide. 
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Attorney Docket No. EQUI0001 CIP-C 

DECLARATION FOR PATENT APPLICATION 

As a below named inventor, I hereby declare that: 

My residence, post office address, and citizenship are as stated below next to my name; 

I believe I am the original, first, and sole inventor (if only one name is listed below) or an 

original, first, and joint inventor (if plural names are listed below) of the subject matter which is 

claimed and for which a patent is sought on the invention entitled: 

Automated Media Delivery System 

the specification of which (check one) __ is attached hereto, or __x_ was filed on 11/07/2005 as 

Application Serial No. 11/269,916 and was amended on ___ (if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 

including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this application in 

accordance with Title 37, Code of Federal Regulations, Section 1.56(a). 

I hereby claim foreign priority benefits under Title 35, United Sates Code, Section 119 of any foreign 

application(s) for patent or inventor's certificate listed below and have also identified below any foreign 

application for patent or inventor's certificate having a filing date before that of the application on which 

priority is claimed: 

Prior Foreign Application(s) Priority Claimed 

Yes No 

Number Country Day/Month/Year Filed 

Number Country Day/Month/Year Filed 

- 1 -
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Attorney Docket No. EQL1I0001 CIP-C 

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) 

to prosecute this application and transact all business in the Patent and Trademark Office connected 

therewith: 

MICHAEL A. GLENN, Reg. No. 30,176 

DONALD M. HENDRICKS, Reg. No. 40,355 

JULIA A. THOMAS, Reg. No. 52,283 

CHRISTOPHER PEIL, Reg. No. 45,005 

JEFFREY BRILL, Reg. No. 51,198 

SEND CORRESPONDENCE TO: 

MICHAEL A. GLENN, 3475 Edison Way, Suite L, Menlo Park, CA 94025 

I hereby claim the benefit under Title 35, United States code, Section 119(3)120 of any United 

States application(s) listed below and, insofar as the subject matter of each of the claims of this 

application is not disclosed in the prior United States application in the manner provided by the 

first paragraph of Title 35, United States Code, Section 112, I acknowledge the duty to disclose 

material information as defined in Title 37, Code of Federal Regulations, Section 1.56(a) which 

occurred between the filing date of the prior application and the national or PCT international 

filing date of this application: 

6 964 009 

Patent Number 

6 792 575 

Patent Number 

Application Ser. No. 

11/08/2005 

Grant Date 

9/14/2004 

Grant Date 

Filing Date 

Patented 

Status: Patented, Pending, Abandoned 

Patented 

Status: Patented, Pending, Abandoned 

Status: Patented, Pending, Abandoned 

- 2 -
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Attorney Docket No. EQUI0001 CIP~C 

Application Ser. No. Filing Date Status: Patented, Pending, Abandoned 

I hereby declare that all statements made herein of my own knowledge are true and that all 

statements made on information and belief are believed to be true; and further that these 

statements were made with the knowledge that willful false statements and the like so made are 

punishable by fine or imprisonment or both, under Section 1001 of Title 18 of the United States 

Code and that such willful false statements may jeopardize the validity of the application or any 

patent issued thereon. 

Post Office Address _s_a~rn~e~----------

Citlzenship ___ ___.UL&n .... it.,.e"""d....,,S=ta""t=e"""s_..o .... f ....,A ..... m....,,e..._rj""'c""'a----~------------

Full name of second or joint inventor: ___ C=H~R=IS.._T .... O .... P ........ H_E~B~S~A~M="-'A"""'N"""IE=-G=-=O _______ _ 

Inventor's signature _________ _ 
Date 

Residence ____ 4.:..:,6e....i1 ...... S,._e..,.&~o=□""'d.....,,S.,_.t.,_,re=e=t._::S=a"'-n .... E~r..,.,a .... n....,ci""s...,co.,_,,_,C=a=ti,.._,fo"""r ..... n.,.,ja.__.._94 ..... 1-'-'0....,7'---------

Post Office Address ---=S=a=m ..... e,,___ ______ ~----------------

Citizenship ---~U'-'-n=it~ed.:c....,,S=ta=t=es=o-'-'f A.__..ro~e=ri"""ca..,__ ________________ _ 

Full name of third or joint inventor: .. NELSON H. "ROCKY" OFFNER 

Inventor's signature ----------'----------
Date 

Residence ---~1~72~A=-rd=m=o'-"re'-JR .... o ... a ... d..,.,~K~e'-'-n"""s.c,...in,._,g=to<..:.n.,,_, -=c=a=lif...,o ..... ro .... i-a~9~4 ..... 7....,.0,_,_7 ________ _ 

Post Office Address_.,,.........._ _______________________ _ 

Citizenship ___ ___,,U'-'-n-=it.,.,e...,d_S .... ta-t~es'""-'""o.,_f ,_,A..:..:.m=e=ri=ca _________________ _ 

- 3 -
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5 

10 

15 

20 

25 

30 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: Barger et al 

Serial No.: 11/268,916 

Filed: 11/07/2005 

Docket No.: EQUI0001 CIP-C 

Art Unit: Unassigned 

Examiner: Unassigned 

Title: Automated Media Delivery System 

Date: 7 April 2006 

Commissioner for Patents 
OIPE - Customer Service Center 
P. 0. Box 1450 
Alexandria, VA 22313-1450 

STATEMENT OF SEAN BARGER UNDER 
37 CFR § 1.48(a) 

~.enh_ tf-ve1rue_l 

following: 

1. That I am a citizen of tb,, /.itt/c JM'~ 
2. That I am an inventor in the above-named application; and 

3. That the error by which I was not named as an inventor occurred without 

any deceptive intention on my part. 

Date 

-1-
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Michael Glenn 
Glenn Patent Group 
3475 Edison Way, Suite L 
Menlo Park, CA 94025 
USA 

Re: Consent of Assignee 

To whom it may concern: 

e 
equilibrium 

1hls letter is to confinn that Automated Media Processing Solutions, 1nc. 
dba Equilibrium (Assignee) hereby agrees that ·Mr. Sean B. Barger shall be 
added as an inventor to the Automated Med1a Delivety System, Serial# 
l 1/268,916. 

Please let me know if there is any questions regarding this matter. 

utomated Media Processing Solutions, lnc. 
Dba Equilibrium 

3 Harbor Drive, Suite 100, Sausallto, California 94965 phone + 1.415.332.4343 fax +1.415.331.837 4 www.equilibrium.com 
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PTO/SB/22 (12-04) 
Approved for use through 07/31/2006. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARMENT OF COMMERCE 
Under the paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless if displays a valid 0MB control number. 

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 

FY 2005 

Docket Number (Optional) 

(Fees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818).) 

Application Number 11/269,916 Filed 11/07/2005 

For AUTOIVIATED IVIEDIA DELIVERY SYSTEM Inventor: Samaniego et al 

Art Unit 2176 Examiner Unassigned 

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above identified 
application. 

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below): 

01 
□ 
□ 

Fee Small Entity Fee 

□ One month (37 CFR 1.17(a)(1 )) $120 $60 

□ Two months (37 CFR 1.17(a)(2)) $450 $225 

[K] Three months (37 CFR 1.17(a)(3)) $1020 $510 

□ Four months (37 CFR 1.17(a)(4)) $1590 $795 

□ Five months (37 CFR 1.17(a)(5)) $2160 $1080 

Applicant claims small entity status. See 37 CFR 1.27. 

A check in the amount of the fee is enclosed. 

Payment by credit card. Form PTO-2038 is attached. 

$ 

$ 

$ 510.00 

$ 

$ 

D The Director has already been authorized to charge fees in this application to a Deposit Account. 

IZ] The Director is hereby authori7P.rl to r.h;:iraP. ;:inv fP.P.~ whir.h may be required, or credit any overpayment, to 
Deposit Account Number 07-1445 (Glenn Patent Group). I have enclosed a duplicate copy of this sheet. 

WARNING: Information on this form may become public. Credit card information should not be included on this form. 
Provide credit card information and authorization on PTO-2038. 

I am the D applicant/inventor. 

assignee of record of the entire interest. See 37 CFR 3.71. 
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96). □ 

□ attorney or agent of record. Registration Number ________ _ 

attorney or agent under 37 CFR 1.34. 
Registration number if acting under 37 CFR 1.34 

0--~ 
52,283 

12 May 2006 
Signature Date 

Julia A. Thomas 650-4 7 4-8400 
Typed or printed name Telephone Number 

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more than one 
signature is required, see below. 

[Z] Total of 1 forms are submitted. 
This collection of rnformat1on Is required by 37 CFR 1.136(a). The rnformatIon Is required to obtarn or retain a benefit by the public which Is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-B00-PTO-9199 and select option 2. 
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coev 
Approved for use through 07/31/2006. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARMENT OF COMMERCE 
Under the paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless if displays a valid 0MB control number. 

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 

FY 2005 

Docket Number (Optional) 

(Fees pursuant to the Consolidated Aoproprlations Act, 2005 (H.R. 4818).) 

Application Number 11 /269,916 Filed 11/07/2005 

For AUTOMATED MEDIA DELIVERY SYSTEM Inventor: Samaniego et al 

Art Unit 2176 Examiner Unassigned 

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above identified 
application. 

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below): 

0 
□ 
□ 

Fee Small Entity Fee 

□ One month (37 CFR 1.17(a}(1)) $120 $60 

□ Two months (37 CFR 1.17{a){2)) $450 $225 

~ Three months (37 CFR 1.17{a)(3)) $1020 $510 

□ Four months (37 CFR 1.17(a){4)) $1590 $795 

□ Five months (37 CFR 1.17{a)(5)) $2160 $1080 

Applicant claims small entity status. See 37 CFR 1.27. 

A check in the amount of the fee is enclosed, 

Payment by credit card. Form PTO-2038 is attached. 

$ 

$ 

$ 510.00 

$ 

$ 

D The Director has already been authorized to charge fees in this application to a Deposit Account. 

[Z] The Director is hereby authnri7P.rl tn r:h;:iraP. ;:inv fP.P.~ whir:h may be required, or credit any overpayment, to 
Deposit Account Number 07-1445 (Glenn Patent Group). I have enclosed a duplicate copy of this sheet. 

WARNING: Information on this form may become public. Credit card information should not be included on this form. 
Provide credit card information and authorization on PTO-2038. 

I am the D applicanUinventor. 

assignee of record of the entire interest. See 37 CFR 3.71. 
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96). □ 

□ attorney or agent of record. Registration Number ________ _ 

attorney or agent under 37 CFR 1.34. 
Registration number if acting under 37 CFR 1.34 

0--~ 
52,283 

12 May 2006 
Signature Date 

Julia A. Thomas 650-4 7 4-8400 
Typed or printed name Telephone Number 

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more than one 
signature is required, see below. 

0 Total of 1 forms are submitted. 
This collec!Jon of information Is required by 37 CFR 1.136(a). The mforma!Jon Is required to obtain or retain a benefit by the public which Is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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Electronic Patent Application Fee Transmittal 

Application Number: 11269916 

Filing Date: 07-Nov-2005 

Title of Invention: Automated media delivery system 

First Named Inventor: Christopher Samaniego 

Filer: Michael Glenn/Della Revecho 

Attorney Docket Number: EQUI0001 CIP-C 

Filed as Small Entity 

Utility Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Fi Ii ng: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Al I owance-and-Post-lssu ance: 

Extension-of-Time: 

Extension - 3 months with $0 paid 2253 1 510 510 
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Description Fee Code Quantity Amount Sub-Total in 
USO($) 

Miscellaneous: 

Total in USD ($) 510 
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Electronic Acknowledgement Receipt 

EFSID: 1046596 

Application Number: 11269916 

Confirmation Number: 5707 

Title of Invention: Automated media delivery system 

First Named Inventor: Christopher Samaniego 

Customer Number: 22862 

Filer: Michael Glenn/Della Revecho 

Filer Authorized By: Michael Glenn 

Attorney Docket Number: EQUI0001 CIP-C 

Receipt Date: 12-MA Y-2006 

Filing Date: 07-NOV-2005 

Time Stamp: 19:35:44 

Application Type: Utility 

International Application Number: 

Payment information: 

Submitted with Payment yes 

Payment was successfully received in RAM $510.0 

RAM confirmation Number 353 

Deposit Account 071445 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.16 and 1 .17 

File Listing: 
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Document Document Description File Name File Size(Bytes) Multi Pages Number Part 

1 RespMPeFiled51206.pdf 360109 yes 26 

Multipart Description 

Doc Desc Start End 

Transmittal to TC 1 1 

Transmittal to TC 2 3 

Applicant Response to Pre-Exam Formalities Notice 4 5 

Applicant Response to Pre-Exam Formalities Notice 6 7 

Applicant Response to Pre-Exam Formalities Notice 8 19 

Oath or Declaration filed 20 22 

Request under Rule 48 correcting inventorship 23 23 

Request under Rule 48 correcting inventorship 24 24 

Transmittal to TC 25 26 

Warnings: 

Information: 

2 Fee Worksheet (PTO-875) fee-info.pdf 8129 no 2 

Warnings: 

Information: 

Total Files Size (in bytes): 368238 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
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5 

SYSTEM FOR DYNAMICALLY TRANSCODING DATA 
TRANSMITTED BETWEEN COMPUTERS 

Background of the Invention 

This application claims the benefit of U.S. Provisional Application 

No. 60/041,366, filed March 25, 1997. 

Field of the Invention 

The present invention relates generally to the field of data 

10 communications for personal computers (PCs), and in particular to a system for 
dynamically transcoding data transmitted between two computers over a 

communications link. 

15 

Related Art 

The Internet is quickly becoming the preferred data communications 

medium for a broad class of computer users ranging from private individuals to large 

multi-national corporations. Such users now routinely employ the Internet to access 

information, distribute information, correspond electronically, and even conduct 

personal conferencing. An ever-growing number of individuals, organizations and 

20 businesses have established a presence on the Internet through "web pages" on the 

World-Wide Web (WWW). 

For a wide variety of reasons, it may be desirable to manipulate data 

transmitted between a local client computer and a network server computer. For 

- 1 -
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example, in certain instances it may be advantageous to dynamically add, modify or 

delete content retrieved from an Internet server computer before that content is 

provided to a client computer. Conversely, it may be advantageous to modify a 

content request from a client computer prior to transmitting the request to an Internet 

5 server computer. While such dynamic manipulation of requests and responses is 

desirable, it is impractical to expect the expansive Internet infrastructure to quickly 

change to accommodate such a new capability. For this reason, it is desirable to 

implement such new capabilities in a way that does not require changes to either 

existing client computers or Internet server computers. 

It is known to deploy a proxy server, or network proxy, as an 

intennediary between one or more client computers and an external network such as 

the Internet. Network proxies are described generally in Ian S. Graham, HTML 

Source Book: A Complete Guide to HTML 3.0 403 (2d ed. 1996). One common 

15 application for a proxy server is as a so-called "firewall," wherein the proxy server is 

responsible for all communications with the outside world. In other words, local 

devices are not permitted to communicate directly with external network computers, 

such as Internet servers. Instead, each local device directs requests for network

resident data to the proxy server. When the proxy server receives such a request, it 

20 forwards the request to the appropriate external computer, receives the response 

from the external computer, and then forwards the response to the local device. The 

external computer thus has no knowledge of the local devices. In this way, the local 

devices are protected from potential dangers such as unauthorized access. 

25 Existing proxy servers do not manipulate the data passing through 

them. In essence, proxy servers are merely blind conduits for requests and responses. 

This limitation of existing proxy servers restricts these devices from being used to full 

advantage when facilitating communications between local devices and network 

devices. There is therefore a need for a so-called "smart" proxy capable of examining 

30 the data passing through it, whether it be a request intended for an external network 

device or network content being returned to a local device, and dynamically acting 

- 2 -
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upon that data. Such a device can be used to transparently provide a wide range of 

services that were heretofore impossible without modifying existing Internet 

infrastructure. 

5 Summary of the Invention 

10 

15 

Embodiments of the present invention relate to devices, systems and 

methods for transcoding information transmitted between computers, such as a 

network server computer and a network client computer. 

According to one embodiment, an apparatus for use in transmitting 

data between a network server and a network client over a communications link 

includes a parser coupled to a transcode service provider. The parser is configured 

to selectively invoke the transcode service provider in response to a predetermined 

selection criterion. 

Brief Description of the Drawings 

Fig. 1 is a schematic diagram· illustrating an environment in which 

embodiments of the present invention may be applied. 

Fig. 2_ is a schematic diagram illustrating a transcoder module 

20 according to an embodiment of the present invention. 

Fig. 3 is a schematic diagram illustrating an embodiment of the 

present invention for a non-enabled network client. 

Fig. 4 is a schematic diagram illustrating an example of a user 

interface for providing a non-enabled network client with control over transcoding 

25 functionality. 

_Fig. 5 is a schematic diagram illustrating an embodiment of the 

present invention for an enabled network client. 

Fig. 6 is a schematic diagram illustrating a network client with 

transcoding functionality integrated in a browser according to an embodiment of the 

30 present invention. 
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5 

Figs. 7-9 are flow charts illustrating logic for presenting a requested 

URL object to a network client according to an.embodiment of the present invention. 

Detailed Description 

Embodiments of the present invention provide the ability to 

dynamically transcode information transmitted between, for example, a network 

server compu~er and a network client computer; As used herein, the term 

"transcode" applies to virtually any manipulation of data including, but not limited to, 

adding, modifying or deleting data. 

Referring now to Fig. 1, which illustrates an environment in which 

embodiments of the present invention may be advantageously applied, a network 

server 10 manages the transfer of data from the Internet 18 to a network client 12. 

Network client 12 may be any computer having suitable data communications 

15 capability. 

Network client 12 communicates requests for information to, and 

receives information from, network server 10 over a client/server communications 

link 14. Client/server communications link 14 may comprise, for example, a so-~alled 

20 "slow network" using, for example, POTS (Plain Old Telephone System) dial-up 

technology or wireless connections. Alternatively, client/server communications link 

14 may comprise a so-called "fast network," such as a LAN or WAN (Wide Area 

Network), which is capable of operating at much higher speeds than are possible with 

slow networks. Combinations of these access methods are also possible. For 

25 example, network client 12 may use a POTS or wireless dial-up connection to a 

modem bank maintained by an ISP (Internet Service Provider), which is in tum 

connected to network server 10 over a LAN. Network server 10 communicates with 

computers resident on Internet 18 through server/network communicati9ns link 16, 

which may comprise any suitable communications medium known in the art. 

30 

-4-
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According to a first general embodiment of the present invention, 

illustrated schematically in Fig. 2, a transcoder 20 includes a parser 22 and a plurality 

of transcode service providers 24. Parser 22 is configured to act upon data received 

by transcoder 20, such as a request for a network object generated by a client device 

5 or a reply to such a request provided by a content server device. In this particular 

embodiment, parser 22 is responsible for selectively invoking one or more of 

transcode service providers 24 based upon a predetennined selection criterion. 

Transcoder 20 may be implemented, for example, as a software 

10 module installed in a network proxy, in a client device, in a network server device, or 

in a content server device. In one particular implementation, illustrated in Fig. 3, 

transcoder 20 is installed in a remote transcoding server 34 arranged between 

network client 12 and Internet 18. Transcoding server 34 may comprise, or be a part 

of, a network server, a stand-alone computer in communication_ with a network 

15 server, or a distributed system of computers. Remote transcoding server-34 may be 

coupled, for example, to an ISP's network, a corporate network, or anywhere on 

Internet 18, and may provide multiple users (i.e., clients) with a means to obtain 

content on Internet 18. 

20 In the particular embodiment illustrated in Fig. 3, transcoding server 

34 includes an HTTP (HyperText Transfer Protocol) remote proxy 36, capable of 

accessing Internet 18 over server/network communications link 16. HTTP remote 

proxy 36 differs from known network proxies, which generally are little more than a 

conduit for requests to, and replies from, external Internet resources, in that it is 

25 capable not only of examining such requests and replies, but also of acting upon 

30 

commands in the requests by, for example, detennining whether or not to transcode 

content. Moreover, using transcoder 20, HTTP remote proxy 36 is capable of 

changing content received from Internet 18 prior to returning it to a requesting 

network client 12, as is explained further below. 
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Looking more closely at the embodiment in Fig. 3, transcoder 20 is 

coupled to HTTP remote proxy 36. Parser 22 manages the transcoding of data to be 

transmitted from transcoding server 34 to network client 12. To this end, parser 22 

controls transcode service providers 24 to selectively transcode content based on a 

5 predetermined selection criterion. For example, one or more transcode service 

providers 24 may provide the capability to compress and/or scale different types of 

data content, such as image, video, or HTML {HyperText Markup Language). Such 

uses are described further in co-pending U.S. patent applications Serial No. 

08/772, 164 entitled "System for Enhancing Data Access Over a Communications 

10 Link," filed on December 20, 1996, and Serial No. 08/799,654 entitled "Method and 

Apparatus for Scaling Image Data," filed on February 11, 1997, both of which are 

assigned to Intel Corporation. For purposes of illustrating certain features of the 

present invention, a number of embodiments are described below in terms of content 

scaling/compression; however, as is explained, transcode service providers 24 may 

15 provide a wide variety of transcoding functions. 

As shown in Fig. 3, transcoding server 34 may also include a server

side cache memory 30 managed by a server-side cache interface 28. Server-side 

cache memory 30 may be used to store both original and transcoded versions of 

20 content for later transmission to network client 12 without the need to re-retrieve the 

content from Internet 18 or to re-transcode the content. 

Transcoding server 34 is coupled to network client 12 by client/server 

communications link 14. Network client 12 includes a browser 32, such as the 

25 Netscape Navigator v.3.0 browser (although the invention is not limited in this 

respect), which manages the presentation of data to a user. In this embodiment, 

network client 12 is "non-enabled," meaning no specialized transcoding software is 

preloaded on network client 12. 

30 Parser 22 may comprise a relatively simple, uniform interface to 
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HTTP remote proxy 36, and may provide an API (Application Programming 

Interface) for transcoding data received by HTTP remote proxy 36. Parser 22 

manages one or more transcode service providers 24 that are accessed through a 

common SPI (Service Provider Interface). In this particular embodiment, parser 22 

5 is designed in compliance with the Windows Open Systems Architecture (WOSA), 

and may be implemented as a Win32 DLL (Dynamic Link Library). The WOSA 

architecture, described in Readings on Microsoft Windows and WOSA (Microsoft 

Corp. 1995), enables additional transcode service providers 24 to be dynamically 

added to the system to provide new features and/or better transcoding algorithms, 

10 while at the same time not requiring changing or retesting other software components 

in the system. This feature is especially beneficial ~here transcoding server 34 also 

interacts with "enabled" network clients equipped with specialized transcoding 

software. It should be noted that some of the features of parser 22 described below 

may be inapplicable to the non-enabled client embodiment of Fig. 3; however, 

15 transcoding server 34 may advantageously be configured flexibly enough to process 

requests from both non-enabled and enabled network clients. 

Like parser 22, server-side cache interface 28 may be modeled after a 

standard Get/Set interface. Server-side cache memory 30 essentially "owns" all 

20 cached objects, in that it manages the properties and storage of the objects and may 

invalidate any non-locked object at any time; however, the actual fonnat of any given 

cached object is known only by parser 22 and its associated transcode service 

providers 24. Thus, for data integrity and transcoding efficiency purposes, all access 

to server-side cache memory 30 in this embodiment is through parser 22. 

25 

30 

Server-side cache interface 28 may include the following calls: 

CreateEntry(URL, &Entry, ... ); 
GetEntry(URL, &Entry); 
CreateStream(Entry, &StreamEntry, ... ); 
GetStream(Entry, &StreamEntry, ... ); 
CloseEntry(Entry ); 
CloseStreamEntry(StreamEntry); 
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5 

GetProperties(Entry, &Properties, ... ); 
SetProperties(Entry, &Properties, ... ); 
Read(StreamEntry, &OutStream, ... ); 
Write(StreamEntry, &InStream, ... ). 

Unlike ~ost cache memories, server-side cache interface 28 and server-side cache 

memory 30 enable maintenance of multiple representations of a given cached object, 

with descriptive information about each representation included in server-side cache 

memory 30. In addition, server-side cache interface 28 and server-side cache 

10 memory 30 serve as a synchronization point for multi-threaded accesses to cached 

objects. It should be noted that the illustrated embodiment does not require any 

particular configuration for server-side cache i~terface 28 and/or server-side cache 

memory 30. Indeed, functionality· attributed to these components in the various 

embodiments described herein may be readily implemented in other system 

15 components. 

The CreateEntry() call creates and returns a cache entry for a specified 

hypertext object. This call also creates an entry stream for an original version of the 

hypertext object. Similarly, the GetEntry() call obtains a cache entry for a hypertext 

20 object already existing in cache memory 30. Both the CreateEntryQ and GetEntry() 

calls set locks on associated cached objects until a CloseEntry() call is invoked. Once 

a lock is set, the cached object will not be replaced or invalidated by cache interface 

28, permitting one or more transcode service providers 24 to safely perform any 

required cache operations, such as object retrieval and/or storage. 

25 

After a cache entry is created or opened by a CreateEntry() or 

GetEntry() call, the CreateStream() or GetStream() calls may respectively create or 

open an extra stream entry for the cached object. Each extra stream entry is 

associated with a different transcoded version of the hypertext object, which may be 

30 retrieved or appended to by one of transcode service providers 24. Stream-based 

processing of cached objects makes it possible for transcoding server 34 to begin 

transmitting a transcoded version of a hypertext object to a requesting network client 
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12 even while transcode service provider 24 is appending additional transcoded 

content to that same version. Advantages of this stream-based processing include 

reducing user latency through incremental painting of objects and avoiding 

unnecessary idle time on client/server communications link 14, thereby providing 

5 users with a more responsive "feel." 

The GetPropertiesO and SetPropertiesO calls retrieve and store 

information about cached objects, including information maintained by transcode 

service provider 24 used to determine transcoding properties and transcoding status 

10 of a cached object. Transcode service provider 24 may use such information, for 

example, to determine current compression progress for scaled data access and 

staged refinements. 

The Read() call reads data from a specified cached object data stream. 

15 For example, transcode service provider 24 may invoke this call and tunnel stream 

data through HTTP remote proxy 36 directly to network client 12. The WriteQ call 

caches data from a new HTTP data strea~. This call will append an incoming data 

stream received from, for example, a Web server or transcode service provider 24, to 

an opened cache stream which may be concurrently read using the ReadQ call. 

20 

25 

In the present embodiment, parser 22 includes the following calls: 

GetObject(URL, InParams, &OutParams, &OutStream, ... ); 
GetScaledObject(URL, InParams, &OutParams, &OutStream, Stage, 
... ); 
PutObject(URL, InParamStruct, &InStream, &OutParams, 
&OutStream, ... ). 

As detailed below, parser 22 uses these calls to manage the provision of requested 

content to network client 12. 

The GetObjectO call is used to service non-enabled client requests, 

30 and returns a non-transcoded (i.e., original) version of a specified hypertext object. 

In this embodiment, transcoding server 34 assumes that each HTTP request has a 

unique thread that may be blocked until the request is satisfied. Accordingly, the 
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GetObjectO call will block until it either returns the requested data stream or 

indicates failure with a cause (e.g., object does not exist). This ability to return a so

called standard hypertext object is advantageous for compatibility reasons, enabling . 
\ . 

embodiments of the present invention to be used with existing browsers that do not 

5 include support for certain transcoding functionality (e.g., advanced data 

compression), and enabling users to selectively retrieve non-transcoded versions. 

The GetScaledObjectO call is similar to GetObjectQ, and is also used 

to request an object from server-side cache memory 30; however, it adds support for 

10 requesting a particular version of that object, such as a high-quality rendition. Unlike 

traditional caching proxies, transcode service providers 24 can use server-side cache 

memory 30 to store several different versions of an object to support clients with 

different communications and/or presentation capabilities. Thus, an additional 

"Stage" parameter may be used to indicate which version of the cached object is to 

15 be returned to network client 12. Where transcode service provider 24 is configured 

to scale network content, it may use this parameter to request a version of a cached 

object having, for example, a default scaled quality, a refinement to a better-quality 

version, or the original non-scaled version. 

20 In this embodiment, when network client 12 requests a hypertext 

object, HTTP remote proxy 36 uses either the GetObject() or GetScaledObject() call 

(depending on if network client 12 is capable of receiving scaled/transcoded 

datatypes) to retrieve the hypertext object from parser 22. If the hypertext object is 

not found, parser 22 uses the CreateEntryO call to create an entry (in effect, a 

25 placeholder) in server-side cache memory 30 for the new object. The new entry is 

returned to HTTP ~emote proxy 36, which requests the hypertext object from 

Internet 18. As a data stream for the hypertext object is returned, HTTP remote 

proxy 36 calls parser 22 using the PutObjectO call, passing into this call the new 

entry and the handle to the data stream to be placed into the entry. Parser 22 selects 

30 an appropriate transcode service provider 24 based, for example, on the content type 
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of the data stream. In this context, the term content type encompasses a datatype, an 

HTTP MIME (Multipurpose Internet Mail Extensions) type, a content format, and so 

on. The selected transcode service provider 24 uses a separate thread to read the 

incoming data stream, transcode it, and place it within the entry of server-side cache 

5 memory 30. The current thread immediately returns to HTTP remote proxy 36, 

which once again calls GetScaledObjectO (or GetObjectO). This case will always 

result in a cache hit. This thread then works simultaneously with the separate thread 

in the PutObjectO to tunnel data ( either original or transcoded) from transcoding 

server 34 to network client 12. 

10 

Multiple-thread processing improves the efficiency of the present 

embodiment by not waiting for a hypertext object to be received in its entirety by 

HTTP remote proxy 36, or added in its entirety to server-side cache memory 30, 

before beginning to send the object to network client 12. Another benefit of 
I 

15 multiple-thread processing is that parser 22 may efficiently process requests for the 

same hypertext object from multiple network clients 12. The hypertext object need 

only be retrieved from Internet 18 once, and appropriate versions may be transmitted 

to such multiple network clients 12 concurrently. It should be noted, however, that 

embodiments of the present invention may be implemented without multiple-thread 

20 processing. 

As noted above, parser 22 may selectively invoke one of transcode 

service providers 24 based upon satisfaction of a predetermined selection criterion. 

Such selection criterion may comprise, for example, information contained in a 

25 header portion of a data packet received by tran·scoding server 34, · such as a MIME 

type, a URL (Uniform Resource Locator), a last modified time indicator and so on. 

Alternatively, the predetermined selection criterion may comprise information 

contained in a data portion of such a data packet, such as particular content, key 

words, structures (for example, heading levels), and so on. Still further, the 

30 predetermined selection criterion may comprise a condition of the device on which 
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5 

transcoding server 34 is installed (for example, a current processing load), a 

condi~ion of a device to which transcoding server 34 is coupled, or a condition of a 

communications link. Transcoding server 34 may provide the ability to dynamically 

update such predetermined selection criteria. 

The following discussion provides still more examples of the types of 

infonnation which may be used to dictate which of transcode service providers 24 are 

invoked. It should be noted, however, that these examples are provided by way of 

illustration only, and are not intended to limit in any way the scope of the invention 

10 claimed herein. The predetennined selection criterion may comprise: ( 1) network 

client 12, such as a display dimension, resolution, number of colors, processor type, 

memory/disk configuration, modem or network interface type, installed add-in boards 

(for example, hardware compression/decompression), software configuration (for 

example, availability of pre-installed software decompression modules), physical 

15 location/proximity (for example, as determined by a telephone area code), and user 

identity; (2) characteristics of transcoding server 34 or some other network server, 

including system load and identification infonnation (for example, the owner of the 

server); (3) content characteristics, such as its data type, type of 

encoding/compression, size, and dimension; (4) network characteristics, including 

20 best-case, yvorst-case and average latency, bandwidth and/or error rates (for example, 

for wireless communications) between network client 12 and a proxy, and/or between

a proxy and a server (this may be predetermined for guaranteed bandwidth links like 

ATM (Asynchronous Transfer Mode), or dynamically measured/predicted· for so

called "best effort" links like many IP (Internet Protocol) links); (5) proxy 

25 characteristics, including system load, available storage, physical location/proximity, 

and identity (owner); (6) user preferences, including preferred content quality/speed 

tradeoff, language, content rating, exclusion list, inclusion list, data type-specific 

preferences (for example, "never download" images), include/exclude advertising, 

amount of advertising desired, offensive language removal, whether the user's 

30 defined or learned preferences may be disclosed (and to whom), custom rules or 
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programs for filtering/transcoding/processing data, and shared preferences with either 

another user or a group of users (any of the foregoing user preferences may be 

explicitly defined or system predicated, such as based on usage statistics compiled 

over time); (7) group preferences, including results from collaborative rating systems, 

5 whether manual (for example, a prior user manually assigned a rating to a Web page 

after viewing it) or automatic (for example, given a large number of users who 

accessed a link on a given page, the probability of any given user subsequently 

following that link); (8) content provider preferences, including the degree of 

alteration desired for its content, the prioritization for download and display of 

-10 different content types, cache restriction or prioritization parameters su~h as update 

frequency or replacement preferences, the types of users to target, rules or programs 

to run for customizing content (for example, news or advenising, custom language 

translation software) based on user or clientcharacteristics, desire for receiving 

certain types of user or group data collected (for example, demographics or access 

15 patterns}, and type of payment/reward offered in exchange for such information; and 

(9) other preferences, including software vendor rules or programs for dynamically 

checking content created or distributed using unauthorized software and companies' 

desire to enforce correct usage of certain types of content (for example, trademarks 

and logos). 

20 

Applying the above-listed selection criteria, or combinations thereof, 

embodiments of the present invention may be used to provide a vinually limitless 

range of dynamic transcoding services. For example, clie~t and/or proxy physical 

proximity, in combination with demographic data, may be used for extremely 

25 targeted advertising. Such advertising may be added to any content passing through 

a proxy, for example, or some other mechanism. This can in tum be tailored even 

further based upon the user's willingness to tolerate advenising or share ~emographic 

information, as well as the advertiser's ability/willingness to subsidize or otherwise 

reward the user for participation. 

30 
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Embodiments of the present invention may be advantageously used to 

reduce the amount of data that is transmitted to network client 12, thereby promoting 

faster downloading and rendering of content. Suitable transcoding techniques include 

lossy compression and transcoding to a more efficient (and perhaps not widely 

5 supported) fonnat specifically for the transmission. Similarly, HTTP remote proxy 

36 may be configured to "predigest" Web sites or groups of sites to produce 

extremely condensed overviews of large amounts of content (for example, a tree 

structure, pages with only first-level or first- and second-level headings, thumbnails 

of pages, or only parts of a page or site that have changed since the user's last visit). 

10 Such applications may be especially advantageous fof poorly-connected or 

computationally limited devices such as PDAs (Personal Digital Assistant), since this 

predigestion can be performed on a well-connected proxy server with an abundance 

of computational power, and the concise result can be easily downloaded and 

rendered on the more limited device. 

15 

Embodiments of the present invention may alternatively be used for 

dynamic translation of data, such as Web pages, to a user's native language 

( determined by user preference or automatically by the physical location of network 

client 12 or transcoding server 34). Such a capability greatly simplifies the task of 

20 making content truly global, as well as reduces storage and maintenance required .at 

the content provider (that is, only one copy of the content need be maintained, rather 

than different copies for each of a plurality of different languages). 

Embodiments of the present invention may be used to block certain 

25 ~ypes of content or to automatically censor offensive language (similar to a "beep" 

used for television broadcasts). Only the particular offensive parts of the content (for 

example, obscene words}may be removed, or entire Web sites may be blocked. 

Similarly, transcoding server 34 may be configured to scan content for certain words 
~ 

or phrases to ensure that trademarks or logos are used correctly (for example, as a 

30 source identifier rather than a generic product designation). This feature may be 

offered as a service to companies or organizations, who .would supply a list of words 
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or phrases to flag. A similar capability could be used to automatically insert links into 

the content upon detection of certain words or phrases. For example, Intel 

Corporation might want to automatically add a link to its corporate Website 

whenever the name "Intel'' is used in a Web page. Using an embodiment of the 

5 present invention, such links can be dynamically added to the content before it is 

displayed to a user. In a similar vein, an embodiment of the present invention may be 

used to scan for content that was created or distributed using unJicensed software. 

This feature may be implemented using special keys (binary bit patterns) embedded in 

the content or headers put in by the content creation or distribution software. The 

10 scanning logic and logic for taking a predetermined responsive action, such as 

denying service or posting a warning, may optionally be supplied by the vendor of the 

. software in question or configured into transcoding server 34. 

Embodiments of the present invention may also be used to scan 

15 content for computer viruses prior to sending such content to network client 12. For 

example, an existing virus scanning routine may be installed on transcoding server 34, 

possibly as a plug-in module. Transcoding server 34 may then be configured to 

in,..;oke the virus scanning routine to ensure any content transmitted to network client 

12 is free of viruses. A significant advantage provided by such an embodiment is that 

20 virus scanning software need only be maintained on transcoding server 34, rather 

than on a plurality of network clients 12. In this way, the benefit of upgrades to the 

virvs checking software may be efficiently and timely provided to large numbers of 

users, thus avoiding the problem of any particular user relying on outdated virus 

scanning software. 

25 

Embodiments of the present invention may also be used to produce 

custom content on demand in accordance with user-specific preferences and/or 

associations with collaborative rating systems. In a variation on such an embodiment, 

transcoding server 34 can collect preferences and append them as part of a client 

30 request transmitted to a content provider so that the dynamic content generation can 
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be done at the content server. Likewise, a proxy provider (for example, an Internet 

Service Provider (ISP)), can collect and make available to content providers 

information such as user preferences and data access statistics, as well as content 

provider specific statistics (for example, how many users from a given region or a 

5 given profile accessed a particular Web site, and at what time, in the past month). 

Such information may be used for applications such as targeted advertising. 

Embodiments of the present invention may further be used to 

automatically check the validity of links in an object, and correct or remove invalid 

10 links, prior to transmitting the object to network client 12. This capability may be 

provided, for example, as a service to content providers who may not have the most 

up-to-date information on Websites they are linked to which have moved or been 

deleted. 

15 To further illustrate the general operation of the embodiment 

illustrated in Fig. 3, assume a user of network client 12 wishes to access a particular 

Web page, or URL (Uniform Resource Locator), on Internet 18. Further assume 

that the desired URL resides on, or is accessible through, transcoding server 34. 

Network client 12, via browser 32, transmits an HTTP request for the hypertext 

20 object to transcoding server 34 over client/server communications link 14. Where 

browser 32 normally accesses Internet 18 through a proxy, browser 32 is configured 

to pass user requests through transcoding server 34 via browser's 32 standard proxy 

configuration procedures. As is well known in the art, browser 32 may actually 

transmit a plurality of additional HTTP requests corresponding to each of various 

25 distinct hypertext objects that may be embedded in the Web page. In such a case, 

transcoding server 34 may process each such request in the man·ner described b~low. 

According to t~is embodiment, HTTP remote proxy 36 is capable of 

distinguishing between a non-enabled network client 12 and an enabled network 

_30 client 12. This may be accomplished, for example, using a private protocol to 
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transmit content r:equests from an enabled network client to transcoding server 34, so 

that the use of some other communications protocol indicates network client 12 is 

non-enabled. This method of sending a private protocol in each request to HTTP 

remote proxy 36 is an improvement over a registration type process. The overhead 

5 involved in making the enabled/non-enabled determination on a per request basis is 

relatively small, while providing a significant advantage because it addresses the 

situation for HTTP remote proxy 36 where a first network client disconnects and a 

second network client, likely with different communications and/or presentation 

capabilities, reconnects using the same IP address. 

10 

Upon determining that network client 12 is non-enabled, HTTP 

remote proxy 36 may record the IP address of network client 12 in a client preference 

table 26 maintained in a local data store ( client preference table 26 may improve 

performance ofthis or other embodiments, but is not required). HTTP remote proxy 

15 36 then passes the hypertext object to parser 22. HTfP remote proxy 36 may also 

inform parser 22 of any applicable user preferences ( e.g., from client preference table 

26). Upon being invoked, parser 22 first calls cache interface 28 with the requested 

hypertext object to determine whether a copy of the required version already resides 

in server-side cache memory 30. For purposes of illustration, assume no entry exists 

20 in server-side cache memory 30 for the requested hypertext object. HTTP remote 

proxy 36 then invokes a call to-retrieve the hypertext object from Internet 18 over 

server/network communications link 16. Assuming the requested hypertext object is 

found, HTTP .remote proxy 36 begins receiving an HTfP data stream representing 

the hypertext object. HTTP remote proxy 36 passes the handle for this incoming 

25 · data stream to parser 22. 

Parser 22 dynamically determines whether the data stream satisfies 

any applicable predetermined selection criteria. For example, where transcode 

service providers 24 are configured to scale data of different types, parser 22 may 

30 determine the content type for the data stream (e.g., image/jpeg, image/gif, 
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video/mpeg) by interrogating a MIME type in the content-type header record that 

appears at the beginning of the incoming HTTP data stream. If parser 22 detects a 

match for a predetermined selection criterion, the HTTP stream handle is given to the 

appropriate transcode service provider 24. Transcode service provider 24 then 

5 transcodes the data stream appropriately, and HTTP remote proxy 26 transmits the 

transcoded data stream to network client 12. 

A non-enabled network client 12 may optionally be provided with the 

ability to actively control aspects of the transcoding process, or indeed whether or 

10 not to transcode requested content at all. To provide this ability, HTTP remote 

proxy 36 may embed additional instructions at the beginning of the HTML header for 

the requested URL prior to transmitting the associated data stream to network client 

12. These embedded instructions may be implemented, for example, as JavaScript 

codes, VB Script codes or Java Applet codes. As browser 32 of network client 12 

15 receives the data stream, the embedded instructions will automatically execute so 

long as browser 32 is equipped to support them. For example, if the embedded 

instructions are implemented as JavaScript codes, browser 32 may be a JavaScript

enabled browser such as a Netscape Navigator v.2.0 or above browser, or an Internet 

Explorer v.3.0 or above browser: If browser 32 is not equipped for such HTML 

20 scripting, the embedded instructions will not interfere with the browser's 32 normal 

processing, as such browsers 32 are typically configured to ignore any data they 

cannot interpret. 

The embedded instructions transmitted to network client 12 may 

25 enable the user to man]pulate some.of the transcoding capabilities of transcoding 

server 34. As illustrated in Fig. 4, the embedded ins_tructions may drive a user 

interface in the form of a pop-up window 40 that is displayed at the top of a browser 

window 38. Pop-up window 40 includes a three-state switch 42 having "ON," 

"OFF' and "AUTO" settings, and may-also include a hypertext link 44 which the user 

30 may follow to download specialized client software supporting, for example, more 
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sophisticated transcoding functionality (i.e., become "enabled"). The initial setting of 

three-state switch 42 may be based upon a prior determination by HTTP remote 

proxy 36 as to whether network client 12 has an established preference for reception 

of transcoded content. If so, three-state switch 42 may be set to "ON;" if not, three-

s state switch 42 may be set to "OFF." A goal of this feature is to provide the user 

with some means for communicating a preference to HTTP remote proxy 36 with 

regard to aspects of particular transcoding features, such as ·a content quality/latency 

tradeoffwhere the transcoding comprises data compression/scaling. Persons skilled 

in the art will recognize that many other means for providing this capability are 

10 possible, and such other means could enable the user to communicate preferences 

beyond simply a yes/no indication for transcoding. 

In the illustrated in Fig. 4, pop-up window 40 enables the user to 

change his or her preference as to whether transcoded or original content is desired, 

15 and communicates such changes to HTTP remote proxy 36. Pop-up window 40 may 

or may not interact with browser 32, meaning the user's preference will only take 

effect after setting three-state switch 42 and clicking on the browser's 32 

"RELOAD" button 46 to cause browser 32 to request the (transcoded or un

transcoded) content for presentation to the user. Subsequent pages in the current 

20 session may t~en be rendered in accordance with the new setting of three-state switch 

42 without further user intervention. Upon receipt, HTTP remote proxy 36 may 

update user preference table 26 accordingly. As an alternative, pop-up window 40 

may be configured to automatically invoke the "RELOAD" operation when the user 

indicates a change (such as by flipping three-state switch 42). Where browser 32 is a 

25 JavaScript-enabled browser, JavaScript instructions inserted by HTTP remote proxy 

36 in the HTML document may "POST" the state of three-state switch 42 to HTTP 

remote proxy 36 and also cause browser 32 to '~RELOAD" the current URL. 

It is possible to allow a non-enabled network client 12 to save the 

30 state of three-state switch 42 on network client 12 across multiple sessions of 
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browser 32 using what is known in the art as a "coolqe." In other words, a cookie 

may be used to store the state of three-state switch 42 persistently. When a new 

session of browser 32 is initiated by a user, this state information may be read from 

network client 12 and "POSTed" by the JavaScript code (inserted at the beginning of 

5 the HTML document) to HTTP remote proxy 36 before any content for the 

requested hypertext object is actually sent to network client 12. This will allow 

HTTP remote proxy 36 to update user preference table 26 with the correct state of 

three-state switch 42, and hence send correctly-transcoded content to network client 

12. In such an embodiment, the state information may be "POSTed" to HTTP 

10 remote proxy 36 each time a given URL is requested by browser 32. This will allow 

network client 12 to receive the correctly-transcoded content even if the HTTP 

remote proxy 36 to which it is coupled changes due to, for example, a change in 

geographical location of network client 12 or network load-balancing procedures. 

15 The en:ibodiment shown in Fig. 3 may also be used for network clients 

12 that already access Internet 18 through a standard proxy. JavaScript-enabled 

browsers 32 may query the local IP address of network client 12 and "POST" this 

information to HTTP remote proxy 36. The HTTP header of this "POST' message 

will contain the IP address of the standard proxy, which will now be different from 

20 the IP address of network client 12 (which is included in the contents of the 

25 

message). A comparison of the two IP addresses will determine whether network 

client 12 resides behind a standard proxy. HTTP remote proxy may then use this 

information to update transcoding information about network client 12 in user 

preference table 26. 

According to another embodiment of the present invention, illustrated 

in Fig. 5, network client 12 may be "enabled," containing specialized software to 

support, for example, more sophisticated transcoding features than are provided by 

the above-described embodiments, or to perform some or all of the transcoding 

30 functions on the client side. As illustrated, network client 12 includes an HTTP local 

- 20-
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proxy 48 coupled to a client-side parser 50 which, similar to parser 22 of transcoding 

server 34, controls one or more client-side transcode service providers 52. Each 

transcode service provider 52 may be configured, for example, to transcode content· 

before it is rendered to a user or to perform a counterpart transcoding function ( e.g., 

5 decoding, decompression) with respect to a function performed by a corresponding 

transcode service provider 24 of transcoding server 34. As·in transcoding server 34, 

network client 12 may include a client-side cache memory 56 managed by a client-

. side cache interface 54. Client-side cache interface 54 may be an already-existing 

facility supported by the operating system, such as WININET. Using an existing 

l O caching facility reduces the amount of software that is to be downloaded to network 

client 12 to implement this embodiment, and also allows other applications, such as 

disconnected browsers, to share client-side cache memory 56. 

HTTP local proxy 48, client-side parser 50 and client-side transcode 

15 service providers 52 (collectively, the client software) may be downloaded to 

network client 12 on demand, such as by clicking on hypertext link 44 presented by 

pop-up window 38 illustrated in Fig. 4. Alternatively, the client software could be 

distributed to users on a portable storage medium, such as a diskette or CD-ROM, or 

it may be preloaded on an off-the-shelf personal computer. In the embodiment of 

20 Fig. 5, the client software is separate from browser 32; however, in yet another 

embodiment the client software may be integrated in browser 32 (see Fig. 6). 

The enabled client embodiments provide network client 12 with 

expanded flexibility for rendering hypertext objects. As in the non-enabled client 

25 embodiments described above, enabled network client 12 may receive a transcoded 

data stream from HTTP remote proxy 36 in a format that is already supported by the 

standard internal rendering software of browser 32 (e.g., JPG, GIF). This would be 

the case where, for example, the transcoding process involved adding or deleting text 

to the hypertext object. In addition, HTTP remote proxy 36 may transcode a 

30 hypertext object to a data stream having a new MIME type, such as where the 
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transcoding process comprised scaling or data compression, in which case a client-

. side transcode service provider 52 could be provided to convert the data stream back 

to a MIME type supported by browser 32. For example, HTTP remote proxy 36 

could transmit a file compressed using a non-standard, not well-supported but 

5 leading-edge compression algorithm to network client 12, and client-side transcode 

service provider 52 could uncompress the file back to its original fonnat. This 

approach has the benefit of relieving HTTP local proxy 48 from having to provide a 

user interface, and eliminates restrictions imposed by limitations as to the data types 

supported by browser 32. In this way, the transcoding process can remain 

IO transparent to users, browsers and Web servers even when it involves changing 

content to different datatypes. 

Yet another possibility is that enabled net~ork client 12 includes one 

or more add-ins 46 specifically configured to transcode, render or playback content 

15 received by network client 12. Add-ins 46 may be implemented, for example, using 

Netscape plug-ins or ActiveX controls. Moreover, add-ins 46 may be installed as 

part of the client software, as illustrated in Fig. 5, or integrated with browser 32. 

Such add-ins 46 are beneficial in that they generally may be configured to pennit a 

user to click on a specific object to obtain a different version (e.g., higher quality) 

20 representation. Add-ins 46 are also beneficial in that they appear to a user to be well

integrated with browser 32, and are easily upgradeable. Combinations of the above

described presentation facilities are also possible. 

In an advantageous optional application of add-ins 46, network client 

25 12 may be configured to request that an appropriate add-in 46 be downloaded from 

HTTP remote proxy 36 in the event that network client 12 detennines it is unable to 

transcode a particular received data stream. HITP remote proxy 36 could then 

download the necessary add-in 46 or, alternatively, resend the data stream in a 

different format. This facility provides for automatic extension of the system, 

30 ensuring that client software is as current as possible. 

- 22 -
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In the embodiment of Fig. 5, browser 32 is configured to send all 

HTTP requests through HTTP local proxy 48, thus allowing HTTP local proxy 48 to 

improve retrieval and rendering of requested hypertext objects. For example, when 

HTTP local proxy 48 receives an HTTP request from browser 32 for a hypertext 

5 object associated with a Web page, it passes the URL to client-side cache interface 

54 to check whether a copy of the hypertext object already exists in client-side cache 

memory 56. If the hypertext object is cached, HTTP local proxy 48 passes the 

cached object to browser 32 for rendering. If the requested hypertext object is not 

cached, HTTP local proxy 48 transmits an HTTP request to transcoding server 34 

10 for processing. HTTP local proxy 48 may use a custom Get() request for this 

purpose to enable transcoding server 34 to identify network. client 12 as enabled. 

Performing the processing described above with reference to other embodiments, 

transcoding server 34 will return a data stream for the hypertext object to HTTP 

local proxy 48. 

15 

To further illustrate the features and benefits of embodiments of the 

present invention, the flow charts provided in Figs. 7-9 illustrate the logic for an 

embodiment of a method by which an enabled network client may render a hypertext 

object resident on the Internet. The flow charts are not intended to be 

20 comprehensive of all proce_ssing that is performed, but rather are intended to describe , 

the overall flow of the method. Detailed descriptions of the various processes have 

been provided above with reference to various disclosed embodiments. Where 

practical, the following description includes reference numbers for previously

described structural elements, although the method is not limited to those structures. 

25 

Referring now to Fig. 7, processing begins when a user on network 

client 12 requests a hypertext object from browser 32 (Step 100). This could be in 

the form of a request for a specific Web page, in which case a plurality of hypertext 

objects will likely be displ_ayed to the user, or in the form of a cliFk on an image 

30 already being displayed to the user. Browser 32 may be configured to pass all HTTP 

- 23 -
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requests through HTTP local proxy 48, so HTTP local proxy 48 may intercept the 

HTTP(URL) request from browser 32 (Step 110). 

In this particular embodiment, HTTP local proxy 48 first checks 

5 whether the requested hypertext object exists in client-side cache memory 56 (Step 

120). To do this, HTTP local proxy 48 may invoke client-side parser 50 using a 

GetScaledObject(URL) call, which in tum issues a GetEntry call to client-side cache 

interface 54 to open a stream for the cached object. This effectively "retrieves" the 

cached object from client-side cache memory 56 i(it exists (Step_ 140). HTTP local 

10 proxy 48 then passes the stream to browser 32, which displays the cached object to 

the user (Step 150). 

Referring now to Fig. 8, if the requested URL object is not found in 

client-side cache memory 56, HTTP local proxy 48 transmits a request for the object 

15 to transcoding server 34 using, for example, a Post of a GetStage(URL, Stage=0) 

call (Step 160). Upon receipt of this call, HTTP remote proxy 36 invokes parser 22, 

which in tum issues a GetScaledObject() call to server-side cache interface 28 to 

detennine whether a non-transcoded version ofthe requested hypertext object 

already exists in the server-side cache memory 30 (Step 170). If the hypertext object 

20 is cached, server-side cache interface 28 issues a GetEntry call to open a stream for 

the cached object (Step 200). In addition, parser 22 may issue a GetProperties(URL, 

... ) call to server-side cache interface 28 to retrieve information about the transcoding 

properties and transcoded status (such as the refinement level) of the cached object. 

25 If parser 22 determines that the requested hypertext object does not 

exist in the server-side cache memory 30, HTTP remote proxy 36 issues an HTTP 

request to retrieve the hypertext object from Internet 18 (Step 190). If the object is 

not found, HTTP remote proxy 36 returns an error to network client 12 which 

browser 32 will communicate to the user (Step 220); if the object is found, HTTP 

30 remote proxy 36 passes the handle for the incoming data stream to parser 22, which 
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in turn initiates caching of an original version of the retrieved hypertext object (Step 
' . 

230). 

Referring now to Fig. 9, once the requested hypertext object has 

5 started to be obtained, parser 22 determines whether (and how) to transcode the 

object before transmitting it to network client 12 (Step 240). Both this decision

making process and exemplary transcoding processes are described in detail above. 

For purposes of the present illustration, assume parser 22 determined that 

transcoding was appropriate and therefore generated a transcoded version of the 

10 requested hypertext object (Step 250). HTTP remote proxy 36 transmits a data 

stream for the transcoded hYPertext object to network client 12 (Step 260). Upon 

receipt, HTTP local proxy 48 initiates caching of the transcoded hypertext object 

(Step 270). In addition, client-side parser 50 determines whether any further 

processing is required before the hypertext object is rendered (e.g., a new MIME 

15 type has been established by transcoding server 34) (Step 280). 

If no additional transcoding is required,· HTTP local proxy 48 passes 

the handle for the received data stream to browser 32 for display to the user (Step 

290). If additional transcoding is required, client-side parser 50 passes the handle to 

20 an appropriate transcode service provider 52 (Step 300). The result of this latter 

processing may be a hypertext object which browser 32 can readily display to the 

user (Step 320), or the result may be a hypertext object having a non-standard 

MIME type, in which case browser 32 may invoke add-in 46 to display the object 

(Step 330). 

25 

According to another embodiment of the present invention, additional 

data or programs need not necessarily be inserted as part of a response to a client 

request. Rather, data and programs may be transparently "pushed" to network client 

12 without the user or the browser 32 software's detection or intervention. One 

30 advantage of this approach is that transcoding server 34 is able to detect when 
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client/server communications link 14 is underutilized, and can thus push data to 
network client 12 with limited risk of interfering with other transactions. An 

especially advantageous implementation uses at least a local proxy, which could issue 
its own requests (rather than being user-driven) to content providers or networked 

5 proxy servers, or receive unsolicited data pushed to it from the network. The local 
proxy may store the data in a client-side cache, install it as a program, or prompt the 
user to take some further action. Many potential uses for such an embodiment are 
possible. For example, an advertiser of software products or music can preload 
network client 12 with trial versions of products before prompting the user with an 

10 advertisement, thus enabling instant playback capability without the user having to 
wait for a demo to be downloaded (and possibly losing interest in the meanti'!le). 

A number of different configurations are possible for implementing 
embodiments of the present invention. In a first configuration, the only additional 

15 apparatus required is a remote proxy. That is, no new software needs to be installed 
on network client 12. The remote proxy may reside anywhere on a suitable network, 
such as the Internet; including at particular content provider sites. Alternatively, the · 
remote proxy may be located at ISP local POPs (Point of Presence), for example, if 
location-specific characteristics are to be used as predetermined selection criteria. Of 

20 course, such inform~tion can be gathered by other methods as well, such as user
preference settings or assigning location-specific domain names to proxies. In a 
second configuration, a new piece of client software acting as a local proxy may be 

installed, for example, on a client device. The user would then point the client 

application's proxy to the local host. Combinations of these exemplary 

25 configurations are likewise possible, as well as simultaneously having multiple modes 
active (for example, a local proxy acting as a pass-through for some requests and a 
non-pass-through for others that require the use of a remote proxy). 

Where network client 12 connects to a remote proxy over a relatively 
30 slow communications link, it may be particularly advantageous to implement 
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transcoding and link validity checking on remote proxies. Combinations of remote 

and local proxies can sometimes give more efficient implementations of certain 

applications, such as automatic data/program download and interactively displaying 

predigested content. Other applications, such as translation and trademark 

5. enforcement, can be done efficiently on local proxies alone, but may be more 

advantageously done on remote proxies because the results can be cached for use by 

others, thereby saving resources for future requests. Still other applications, such as 

clickstream analysis, are generally better implemented on a local proxy because there 
) 

are more resources available locally to the individual user, and also for privacy 

10 reasons. 

In view of the foregoing description, it should be apparent that it is 

possible for there to be more than one so-called "smart" proxy arranged between a 

client device and a content server device. If left unchecked, such a condition can · 

15 result in content being altered excessively (for example, too mahy ads inserted, 

multiple lossy compressions resulting in indecipherable images). To address this 

problem, an embodiment of the present invention may use a special proxy-to-proxy 

protocol that extends the existing request/response structures to indicate whether and 

what sort of transcoding has already been performed on the content. Such a 

20 specialized protocol, in addition to other proxy-to-proxy messages which may be 

implemented on an as-needed basis, enables multiple proxies to work collaboratively, 

yet still transparently to users, client software, existing "standard" proxies and 

content servers. 

According to yet another embodiment of the present invention, a 

25 proxy server may be used to provide certain Internet proxy or server users with so

called "VIP" treatment, identifying users who are entitled ( either through payment or 

based on some other selection. criterion, such as extent of usage) to have a higher 

priority when competing with other users for proxy resources. By contrast, with 

existing Internet proxies and servers, users are serviced either on a random or first-

30 come/first-served basis. 
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In one particular implementation of such an embodiment, transcoding 

server 34 may be configured to extract user 1P addresses from requests it processes 

and maintain information such as how frequently, or for what duration, a user is 

browsing a particular Web site. Such information could be used to determine 

5 · "frequent browser miles" at particular Web sites. Users can then be rewarded with 

faster response times for subsequent visits to the site, or the site owner could choose 

to reward the user with improved performance on all sites reached through the same 

proxy. Still another possibility is that users may pay for such.preferred service, being 

assigned a password which may be provided to transcoding server 34. Yet another 

10 possibility is that a Web site owner can pay a proxy provider to improve the 

performance of all users while visiting the owner's site. 

In another particular implementation, information identifying users to 

be given VIP treatment may be passed to transcoding server 34 in the form of a Web 

15 page. Upon receipt of such a Web page, the proxy may subsequently allow servicing 

threads to perform work for requests generated by VIP users first. To do this, · 

transcoding server 34 may boost thread scheduling priorities (within the operating 

system) for the VIP service, while ensuring there is no starvation of any thread (that 

is, no user should be denied access entirely by VIP users). In addition, transcoding 

20 server 34 may permit preferential caching for particular Web sites and more 

aggressive pre-fetching for VIP users. Still further, transcoding server 34 may use 

more resource-intensive compression algorithms, for example, to provide better 

quality content for the same latency at the expense of slowing down access for non- · 

VIP users. 

25 

It is possible that certain content providers or users will not wish to 

have their content dynamically altered in any manner. Accordingly, embodiments of 

the present invention may be implemented in such a way that either content providers 
or users are given the capability to override any potentially content-altering service. 
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This may be accomplished, for example, using a pass-through technique triggered by 

a special tag embedded within the content. 

As the foregoing description demonstrates, embodiments of the 

5 present invention may be used to provide a system for improving the.communications 

capabilities of computers accessing networks such as the Internet. Embodiments of 

the invention may be advantageously applied to computers having limited 

communications bandwidth available, such as mobile computers or personal 

~omputers accessing a network over a modem connection. The unique features of 

l 0 such embodiments enhance the ability of these computers to access data on the 

network in a timely fashion with reduced user-visible latencies, thereby enabling 

content authors to produce rich content without fear that only users with highly

sophisticated data communications and display capabilities are able to enjoy it. 

Embodiments of the present invention may also be advantageously used for purposes 

15 other than, or in addition to, reducirig latency. Such purposes include, for example, 

20 

\ 

converting color images to greyscale images for users lacking a color display; filtering 

and/or deleting undesired content, such as pornography; adding conte~t, such as 

advertising; and language translation. 

Although the present invention has been described with reference to 

embodiments for accessing data from the Internet, persons skilled in the art will 

recognize that it is equally applicable to other networking environments. For 

example, embodiments of the present invention may be used to enhance data 

communications between a network client computer and an "intranet." An intranet 

25 typically is a secure corporate network modeled after the Internet architecture, and 

generally includes mechanisms for communicating with external networks such as the 

Internet. 

The foregoing is a detailed description of particular embodiments of 

30 the present invention. The invention embraces all alternatives, modifications and 

variations that fall within the letter and spirit of the claims, as well as all equivalents 
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of the claimed subject matter. For example, some or all of the features described 

above as being provided by a remote proxy may be implemented in a content server. 
Likewise, some or all of the features described above as being provided by a local 

proxy may be implemented in a browser application. Persons skilled in the art will 

5 recognize from the foregoing detailed description that many other alternatives, 

modifications and variations are possible. 
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What Is Claimed Is: 

1 . An apparatus for use in transmitting data between a network server and a 

2 network client over a communications link, said apparatus comprising a parser 

3 coupled to a transcode service provider, said parser being configured to sele'ctively 

4 invoke said transcode service provider in response to a predetermined selection 

5 criterion. 

2. The apparatus of claim 1, wherein said predetermined selection criterion 

2 comprises a characteristic of the data being transmitJed. 

3. The apparatus of claim 1, wherein said predetermined selection criterion 

2 comprises a characteristic of the communications link. 

4. The apparatus of claim 1, wherein said predetermined selection criterion 

2 comprises a characteristic of the network server. 

5. The apparatus of claim 1, wherein said predetermined selection criterion 

2 comprises a characteristic of the network client. 

6. The apparatus of claim 1, wherein said predetermined selection criterion 

2 comprises a user preference. 

7. The apparatus of claim I, wherein data is transmitted from the network server 

2 to the network client in response to a request by the network client, said 

3 predetermined selection criterion being included in said request. 

8. A method for providing a network client with a data object residing on a 

2 network server, wherein the network client and the network server are coupled by a 

3 communications link, said method comprising the steps of: 

- 31 -
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4 receiving a data object from the network server; 

5 selectively transcoding the data object according to a predetermined selection 
6 criterion; and 

7 providing the data object to the network client. 

9. The method of claim 8, wherein said transcoding step further comprises 

2 comparing a characteristic of the received data object to the predetermined selection 

3 criterion. 

10. The method of claim 8, wherein said step of selectively transcoding the data 

2 object further comprises determining whether the data object includes content created 

3 with an unregistered software product. 

11. The method of claim 10, wherein said step of selectively transcoding the data 

2 object further comprises adding a message to the data object corresponding to said 

3 detection of content created with an unregistered software product. 

12. The method of claim 8, wherein said step of selectively transcoding the data 

2 object comprises compressing a portion of the data object. 

13. The method of claim 8, wherein said step of selectively transcoding the data 

2 object comprises translating a portion of the data object from a first language to a 

3 second language. 

14. The method of claim 8, wherein said step of selectively transcoding the data 

2 object further comprises determining whether the data object includes offensive 

3 content. 

15. The method of claim 14, wherein said step of selectively transcoding the data 
2 object further comprises modifying the data object to prevent offensive content from 

3 being rendered by the network client. 
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16. The method of claim 8, wherein said step of selectively transcoding the data 

2 object further comprises adding advertising information into the data object. 

17. The method of claim 16, wherein said advertising information is selected in 

2 accordance with user profile information. 

18. The method of claim 8, wherein said step of selectively transcoding the data 
2 object further comprises determining whether the data object includes a link to a 

3 second data object. 

19. The method of claim 18, further comprising the step of validating the link to 

2 a second data object. 

20. The method of claim 19, wherein said step of selectively transcoding the data 

2 object further comprises correcting an invalid link. 

21. The method of claim 8, wherein said step of selectively transcoding the data 

2 object further comprises communicating information relating to said transcoding to 

3 the network server. 

22. The method of claim 8, wherein said step of selectively transcoding the data 

2 object further comprises determining whether the network client is preconfigured to 

3 receive preferential treatment of requests. 

23. A set of instructions residing on a storage medium for execution by a 

2 computer, the computer being coupled to a device for rendering a data object to a 

3 user, said set of instructions comprising instructions for: 

4 parsing a data object to be rendered to detect content corresponding to a 

5 predetermined selection criterion; 
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6 selectively transcoding the data object in response to said detection prior to 
7 rendering the data object. 

24. The set of instructions of claim 23, wherein the storage medium comprises a 
2 magnetic storage device. 

25. The set of instructions of claim 23, wherein the storage medium comprises a 
2 memory installed in a computer. 
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WO 98/40842 PCT /US98/04700 

SYSTEM AND METHOD FOR IMAGE COMPRESSION AND DECOMPRESSION 

This application claims the benefit of U.S. 

Provisional Application No. 60/040,241, filed March 11, 

1997, System and Method for Still Image Compression, 

5 which is incorporated herein by reference. 

Field of the Invention 

The present invention relates generally to 

digital image compression/decompression, and 

particularly, to a wavelet-based system and method of 

10 image compression and decompression. 

Background of the Invention 

Nearly every computer user needs to store, 

transfer, and view images. These images include still 

images, or pictures, as well as video images, which are 

15 sequences of still images displayed in a manner that 

depicts motion. The enormous size of image files leads 

to serious file management limitations. For example, a 

single still image (equivalent to a video frame) 

displayed by a rectangular array of picture elements 

20 (pixels) arranged in 640 rows and 800 columns, with the 

color of each pixel represented by twenty-four bits, 

would require over 1.5 megabytes of digital memory to 

store. One solution to this problem is high-quality data 

compression technology. Essentially, image compression 

25 mathematically transforms a grid of image pixels into a 

new, much smaller set of digital values holding the 

information needed to regenerate the original image or 

data file. 
In addition imaging systems, compression 

30 technology can be incorporated into "video on demand" 

systems, such as video servers. Compression technology 

can also be applied to streaming video, which is the 

real-time capture and display of.video images over a 

communications link. Applications for streaming video 
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include video telephones, remote security systems, and 
other types of monitoring systems. 

Several standards for compressing real-time 
video currently exist. The H.263 standard for real-time 

5 video is an industry standard based upon the discrete co
sign transform (DCT). DCT is also the basis for both of 
the public domain image compression standards, MPEG 
(Motion Picture Experts Group) and JPEG (Joint 
Photographic Experts Group). Although the DCT approach 

10 performs interframe coding adequately,· its compression 
ratio and speed can be improved upon. 

Various other types of data compression have 
been developed in recent years. Conventional data 
compr:ssion techniques are gen~rally referred to as being 

15 either "lossless" or "lossy", depending upon whether data 
is discarded in the compression process. Examples of 
conventional lossless compression techniques include 
Huffman encoding, arithmetic encoding, and Fano-Shannon 
encoding. With a lossless compression, the decompression 

20 process will reproduce all bits of the original image. 
Lossless compression is important for images found in 
such applications as. medical and space science. In such 
situations, the designer of the compression algorithm 
must be very careful to avoid discarding any information 

25 that may be required or even useful at some later point. 
Lossy compression, in contrast, provides greater 

effic~ency over lossless compression in terms of speed 
and storage, as some data is discarded. As a result, 
lossy techniques are employed where some degree of 

30 inaccuracy relative to the input data is tolerable. 
Accordingly, lossy compression is frequently used in 
video or commercial image processing. Two popular lossy 
image compression standards are the MPEG and JPEG 
compression methods. 

35 The wavelet transform has proven to be one of 
the most powerful tools in the field of data compression. 
Theoretically, the wavelet transformation is lossless, 
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but since all computers have only finite precision even 

when using floating point calculations, most of the 

transformations are lossy in practice .. On the other 

hand, integer calculations are much faster than floating 

5 point for virtually all computers; and integer 

computations are much easier to implement in hardware, 

which is more important in some applications. While 

integers require less memory than real numbers, the 

direct use of integers in conventional wavelet transforms 

10 and their inverses typically causes an unacceptable loss 

of accuracy. Accordingly, there is a need for a wavelet

based compression technique that permits lossless or 

near-lossless data compression, yet retains the speed and 

memory advantages of integer arithmetic. 

15 
Sum:nary of the Invention 

It is an advantage of the present invention to 

provide a system and method of wavelet-based data 

compression that permits integer computations in a 

20 computer without significant loss of accuracy. This is 

accomplished by using an integer reversible wavelet 

transform that possesses a property of precision 

preservation (PPP}. The integer reversible transform 

greatly reduces the computer resources needed to compress 

25 and decompress images, as well as the time required to 

perform the same. 
It is an advantage of the present invention to 

provide a system and method of wavelet-based image 

compression that is suitable for both still and video 

30 images. 
It is also an advantage of the present invention 

to provide a system and method of image compression that 

is capable of selectively performing lossless and lossy 
compression of either color or gray-scale images. 

35 According to one aspect of the invention, a 

wavelet-based image compression method can be implemented 

using a software program. Compression is accomplished by 
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performing a wavelet transform on an input digital image. 

The resulting wavelet components are compared to a 

threshold value; coefficients falling below the threshold 

are discarded. The remaining coefficients are quantized. 

5 The quantized coefficients are then compressed u,sing an 

entropy encoding technique, such as arithmetic, run 

length, or Huffman encoding, or a combination of Huffman 

and run length encoding. The wavelet transform can be an 

integer reversible wavelet transform derived using a 

10 lifting scheme or correction method, while the 

quantization scheme can be sub-band oriented. To further 

enhance the speed of the compression scheme, input color 

·image pixels can be reduced using a color table. In 

addition, color pixels can be transformed between color 

15 spaces prior to wavelet transformation. 

According to another aspect of the invention, a 

corresponding method of decompression is provided. 

According to ~nether aspect of the present 

invention, a compression method is provided that allows 
} 

20 user ~elected portions of an image to compressed to 

different image qualities, whereby permitting non-uniform 

image compression. 
According to another aspect of the present 

invention, a compression method is provided that permits 

25 compression quality to be based on image specific 

parameters. 
According to another aspect of the present 

invention, a method of compressing images using a "split 

and merge" technique is provided. 

30 According to further aspect of the present 

invention, an image compression system includes a 

compr~ssor configured to generate a compressed image 

based'.on an integer wavelet transform derived using 

either a lifting scheme or correction method. The 

35 compressor can be implemented using one or more 

electronic components, such as application specific 

integrated circuits (ASICs), microprocessors, discrete 
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logic components, or any combination of the 

aforementioned. 

PCT/US98/04700 

According to another aspect of the present 

invention, a corresponding image decompression system is 

5 provided. 

Brief Description of the Drawings 
The invention is pointed out with particularity 

in the appended claims. However, other features of the 

invention will become more apparent, and the invention 
\ 

10 will be best understood by referring to the following 

detailed description in conjunction with the accompanying 

drawings, in which: 
FIG. 1 illustrates a flow diagram for a method 

of compressing an image that is in accordance with an 

15 embodiment of the present.invention; 

FIGS. 2-4 depict wavelet coefficients for 

various levels of decomposition; 
FIG. 5 illustrates a flow diagram of a method of 

decomp.ressing an image that has been compressed using the 

20 method of FIG. 1; 
FIG. 6 is a block diagram of a system that can 

incorporate a software program implementing any of the 

methods shown in FIGS. 1, 5, and 8-13 in accordance with 

a second embodiment of the present invention; 

25 FIG; 7 is a block diagram of a system for 

compressing and decompressing an image in accordance with 

another embodiment of the present invention; 

FIG. 8 illustrates a flow diagram of a method 

compressing an image that is in accordance with a further 

30 embod~ment of the present invention; 

FIG. 9 illustrates a flow diagram of a method 

for decompressing an image that has been compressed· 

according to the method of FIG. 8; 

FIG. 10 illustrates a flow diagram of a method 

35 of compressing an image in accordance with a further 

embodiment of the present invention; 
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FIG. 11 illustrates a flow diagram of a method 
of decompressing an image that has been compressed 
according to the method of FIG. 10; 

FIG. 12 illustrates a flow diagram of a method 
5 of compressing an image that is in accordance with a 

further embodiment of the present invention; and 

10 

FIG. 13 illustrates a flow diagram of a method 
for de~ompressing an image that has been compressed 
according to the method of FIG. 12. 

Detailed Description of the Preferred Embodiments 
Referring now to the drawings, and in particular 

to FIG. 1, there is shown a flow diagram of a method for 
compressing an image that conforms to a first embodiment 
of the invention. In step 20, a digital image is 

15 received from an image source. The digital image 
consists of a matrix of values representing an array of 
pixels. Specifically, the array of pixels represents a 
still image or a frame from a video image. In step 22, 
the image is optionally displayed on an appropriate 

20 viewin9 device, such as a computer or video display unit 
having a flat panel or cathode ray tube (CRT). Next, in 
step 24, color and wavelet transformations of the image 
take Rlace. The image transformations involved in this 
step include color transform for color images only, and 

25 wavelet transform for both gray level images and color 
images. In step 26, the values representing the 
transformed images are quantized and compared to 
thresholds. Values falling outside the threshold are 
discarded. In step 28, the remaining quantized values 

30 are encoded to remove redundant information, creating a 
compressed image file. Next, in step 30 the compressed 
image file is generated as output . 

. Referring to the color transformation of step 
24, di'gital color images are typically based on an RGB 

35 color model, such as is commonly used with TIFF or BMP 
images. In order to get a higher compression ratio, the 
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RGB pixels are transformed to other color models, such as 

YIQ or YUV models. The method can convert RGB inputs 

into YIQ or YW color spaces according to the following 

relationships. 

RGB to YIQ: 

fYl=r 0.299 

IIl=l-0.596 

LQJ=L 0.212 

RBG to YUV: 

fYl=r 0.299 

IUl=I 0.148 

LVJ=L 0.615 

0.587 
-0.275 
-0.523 

0.587 
-0.289 
-0.515 

0.1141 fRl 
0.3211 !GI 
0.3llj LBJ 

0.1141 fRl 
0.4391 IGI 
-0.lj LBJ 

In the YIQ color space, there is one 

luminescence (Y) and two color planes (I, Q). The Y 

15 component is critical, while the I-Q·~omponents are less 

sensitive to error introduced by data compression. 

The wavelet transform (also referred to as 

wavelet decomposition) operates on the converted color 

space signals. The purpose of the wavelet transform is 

20 to represent the original image by a different basis to 

achieve the objective of decorrelation. There.are many 

different wavelet transforms that can be used in this 

step. For instance, the reversible integer wavelet 

transfo~ described herein below is a preferred wavelet 

25 transform. However, to develop a better understanding of 

the preferred transform, the following alternative 

wavelet transform is first described. 

Let C0 = [ Cjk] ( j - 0, ... , M-1; k = 0, ... , 

N-1) represent the original, uncompressed image, where M 

30 and N are integers which have the cqmmon factor 2L (Lis a 

positive integer). A one-level wavelet decomposition, 

where L = 1, results in the four coefficient quadrants as 
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shown in Figure 2. Each quadrant represents a set of 
wavelet coefficients. 

Quadrant C1 represents the blurred image of the 
original ·image c0

, where ct =CC}1rl (J .. o, ... ,lJ-1; k=0, ... ,1-1>. 
5 HD1 represents the horizontal high frequency part of c0

, 

while VD1 represents the vertical high frequency part of 
c0

, and DD1 represents the diagonal high frequency part of 
c 0

• The decomposition can be iteratively repeated L times 
to obtain different levels of decomposition. For 

10 example, for L = 2, c0 is set to equal ct. The iterative 
formu},a for computing a decomposition is given as 
follows: 
(1) Let c0 = rc0

, r>O is a factor which can be changed for 
different needs. 

15 (2) Transform for image columns: 
For k=O, •.. ,N-1, calculate 

(3.1.1) 

For k=O, ... ,N-1, calculate 

-1 -o aok+al k 
Cok=Ci,k-

2 
' , 

-1 _ - _ aJk+aj+l,k ·- M 
Cjk-C2j+l,k 2 , J-1, ... , 2' (3.1.2) 

(3) Transform for rows: 
For j = 0, ... M/2 - 1, computing 
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(3.1.3) 

and 

l 1 hd},k+hd] k+ll M 
Cjk=Cj,2Jc+l - 2 , , ... , 2 -2, 

(3.1.4) 

cj, ~ =c],N-1hd1, ~, 

For j 0, . , M/2 - 1, computing 

!
dd~ = d}, 1 -dJ0 

J,O 2 ' 

dd}k"' ! (dJ,2Jc-1-2a1,2k+aJ,2k.1i, k=1 ... :-1. 

(3.1.5) 

and 

1 a1 de!} k-dd} k•l M vdik"" J,2Jc•1- , 2 , ,k=l, ... , 2-2, 
(3.1. 6) 

(4) C1 = [c],Jcl, HD 1 = [hd],kl, VD 1 [ud],Jcl and DD= [dd],Jcl, j=O, ... , ~ -1 

- M k-0, .. :12 -1. 

Remark: If it is necessary, we also can use matrix 
• 5 multiply Wavelet Coefficient Image of 1 levels=W1C

0 W1T. 
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Here, W1 is the transform matrix for 1 level wavelet 

decomppsition. 
FIG. 3 depicts a three-level wavelet 

decomposition, where L = 3. 

5 In step 26, the first loss in accuracy occurs. 

Both thresholding and quantization reduce accuracy with 

which the wavelet coefficients are represented. In step 

26, the wavelet coefficients are matched against 

threshold values, and if the values are less than the 

10 established threshold values_ specified, then the 

resultant value is set to zero. 

An important feature of the invention is that 

the wavelet coefficients are then quantized to a number 

of levels depending upon which quadrant is being 

15 procesped, and the desired compression or quality factor. 

This can be very important in image compression, as it 

tends to make many coefficients zeros, especially those 

for high spatial frequencies, which reduces the size of a 

compressed image. 

20 A multilevel uniform thresholding method can be 

used as described below. 

Let T = (t1 , ••• , tL, t~1 }be the chosen 

thresholds, where tt is the threshold for l tte (l=I, 

L) level and t~1 is a threshold for blurred image cL. 
... , 

25 Thresholding sets every entry in the blocks CL, HD1
, VD1 

and DD1 (1 = I, ..• L) to be zero if its absolute value is 

not greater than the corresponding threshold. 

, For color images, three threshold vectors which 

correspond three different color planes, such as y, I and 

30 Q, are used. 
The step of quantization essentially scales the 

wavelet coefficients and truncates them to a 

predetermined set of integer values. The quantization 

table shown in Table i can be used. 
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q\o q
2

HD 
... Cf'HD 

qlVD q2yp ... qLVD L•l 

qlDD q2
00 Cf'oo 

qc ... 

TABLE 1 
5 In Table 1, the entries~~ are quantization 

factors for blocks HD1 (1 = I, ..• L), q1vo and q\0 for 
blocks VD1 and DD1 (1 = I, ... , L) respectively, and the 
factor qc1+1 is for the most blurred image C1

• The factors 
can be integers 'between 0 and 255. The quantization 

10 scheme for the block HD1 (1 = I, ... , L) is 

h-di1,k=IOWld hd/Jc•qir, 3'-0 M -l·k-O N -1 (3.2.1 l , - , ... , l , - , ... , l • ) 
maxw 2 2 

Here, hdj,k(j=O, ... , :i-1; ,k=O, ... , ;-1)are quantized 

wavelet coefficients of block HD 1.(l=l, ... , L) 

maxfw= max ( lhd/kl) , 
0-:!.js (M/21 -1) 
0-:!.ks (N/21 -1) 

and the function round(x) gives the nearest integer of x. 
Equation (3.2.1) is used for quantization of the other 
blocks (quadrants). 

For color images, there are three separate 
15 quantization tables for the different color bands. 

In step 28, entropy compression is applied to 
the resultant coefficients using either Arithmetic, Run 
Length, or Huffman, or Huffman.and Run Length combined. 
The compression algorithm can be selected at run-time by 

20 the user, based on the desired compression ratio ·and the 
amount of time required to get the selected level of 
compression. The encoding step· includes the entropy 
compression as well as coefficient rearranging. 
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An alternative process to that shown in FIG. 1 

includes an optional down sampling of the IQ. color 

planes. This down sampling may be done once or twice to 

produce two image planes either one-fourth or one-

s sixteenth the size of the original plane. If the down 

sampling is done, it will be accomplished prior to the 

wavelet transform of step 24. The down sampling reduces 

the compression time and size of the image file. 

FIG. 5 shows a corresponding method for 

10 decompressing an image compressed using the method of 

FIG. 1. In step 40, the compressed image file is input. 

In step 42, the image is decoded. Next, in step 44 the 

values are de-quantized. Next, in step 46 inverse color 

and wavelet transformations are performed on the de-

15· quantized data. In step 48, optional image post

processing takes place to refine the decompressed image. 

In step 50, the decompressed image is displayed. 

The decoding of step 42 is the inverse operation 

of the encoding of step 28. Similarly, it can be divided 

20 into ~wo parts: Entropy decoding (Huffman or 

arithmetic), and coefficient rearranging. 

The decoding step produces quantized wavelet 

coefficients in 3*L+l blocks. Dequantiz~ng (step 44) 

uses the same quantization table as quantizing (Table 1), 

25 and the scheme as follows: for 1; I, ... , L 

30 

- l l 
hrll - hdj,k. max.HD ·- M . - N (4 2 1) 

,w,,,,i.j k----------, J-0, ... , -:;:-1, k-0, ... , -21 -1. · · 
I qHD 2 

Equation (4.2.1) produces the approximate coefficients 

for the blocks HD1 (1 = I, •.. , L), which are shown in 

FIG. 3. The dequantizing scheme for other blocks is 

similar to 4.1.2). 
In step 46, the inverse wavelet transform, also 

referred to as wavelet reconstruction, is performed prior 

to the -inverse color transformation. FIG. 4 depicts a 

one-level wavelet reconstruction. 
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The wavelet reconstruction can be iteratively 

performed for various levels of decomposition, according 

to the following equations. 
(1) Inverse transform for rows: 

For j=O, ••.•. , f -1, calculate 

al _ dl dd}, O +ddJ, 1 
j 1-U jo+-----
' ' 2 

(4.3.1) 

aN-1 Jc""ud
1
. N-1 +dd1

1 
N-2 • 

' '2"" '2°" 

and 

a1 a1 <4.3.2> 
{

a},o=dJ,1-2dd},o, -

a1 j,2k-1 + j,2k•l -2dd~ k=1 N -1 
j • 2k 2 . J • k, , ... , 2 . 

For j=O, ..• , M/2 - 1, calculate 

and 

(2) Inverse transform for column: 
For k=O, ... , N - 1, calculate 

and 

(4.3.3) 
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(4.3.5) 

. c9 =c~O /I j=O M-1 · k=O N-1 C0 = [c9 k]l!.v_N 1,k j,k 1 , ... , , , ... , • J, 1"'"2 • 

Following the inverse wavelet transformation, an 

inverse color transform is performed. Equations (5)-(6) 

give the inverse transforms for the YIQ and YUV color 

spaces. 
For YIQ to RGB: 

rR7 r 1. ooo 0.956 0. 6217 rY7 

IGl=I 1.000 -0. 272 -0.6471 I I I ( 5} 

. LBJ L 1.000 -1.106 1. 703J L oJ 

For YUV to RGB: 

rR7 r 1.000 0.000 1.1407 rY7 

IGl=I 1.000 -0.395 -0.5811 1u1 ( 6) 

LBJ L 1.000 2.032 0. 0O0J LVJ 

In step 48, a user can optionally apply image 

filtering to improve the image quality. Filters are 

known in the art for sharpening, smoothing and 

brightening images. Users can choose any number of 

processing filters at compression time. Information 

defining the selected filters can be stored in the coded 

image file, in a form such as a one byte flag in a file 

20 header. In addition to optionally applying the filters, 
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the method can also be implemented to automatically 
detect and apply the selected filters following 

decompression. 
To sharpen an image, a filter is used that 

5 weights the eight pixels adjacent to the current pixel, 

as well as the current pixel, by one or more 

pre4etermined values. The weighted values of the nine 
pixels are then summed to derive a new value for the 
current pixel. For example, the surrounding eight pixel 

10 values can be weighted by the value -35/800, while the 
current pixel is weighted by 1.35. The sharpening filter ., 
is applied to every pixel in the image. 

To smooth images, for every pixel, the average 

of the pixel and the eight adjacent pixels is calculated. 

15 Then the ·pixel value and the average is compared. The 
smaller of the two replaces the original pixel and is 

. output as the smoothed pixel value. 
To brighten images, the weighted sum of each 

pixel and the correspond eight adjacent pixels is 
20 calculated. For example, each of the adjacent pixels can 

be multiplied by the value 1/90 and the summed with the 

current pixel·to obtain a brighten current pixel. 
Another filter that can be used is one that adds 

a random value between [-12, 12) to each of the pixels in 

25 the ill:lage. 
In FIG. 6 there is displayed a preferred 

hardware platform that can. execute· software for 
implementing an embodiment of the present invention. The 
computer system of FIG. 3 includes a CPU 62, a main 

30 memory 64, an I/O subsystem 66, and a display 68, all 

coupled to a CPU bus 70. The I/O subsystem 66 
communicates with peripheral devices that include an 
image source 72, an image storage device 74, and a mass 

storage memory 76. Although shown as three separate 
35 devices, peripherals 72-76 can be implemented using a 

single memory device, such as a hard disk drive commonly 
found· in computers. 
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The image source 72 may be a digital still image 

or video source, such as a CD-ROM drive, scanner, or 

network connection. In addition, the image source 85 can 

include analog video sources, such as a video camera, 

5 VCR, television broadcast or cable receiver. The analog 

video signals would be converted to a digital form by the 

image source 85 using conventional conversion techniques. 

Alternatively, an image source 72 can include a video 

camera and communications systems for transmitting real-

10 time video to the I/O subsystem 66. 

The image storage 74 can be a computer disk, 

such as a that used by a hard drive, or a portable memory 

mediwn, such as a floppy or ZIP disk, or a read/write 

optical CD. 
15 In operation, a computer program, which 

implements aspects of the invention, is retrieved from 

the mass storage memory 76 into the main memory 64 for 

execution by the CPU 62. Upon execution of the 

compression aspect of the invention, the compressed image 

20 file can be stored in the image storage 74; while upon 

execution of the decompression aspect of the invention, 

the decompressed image can be viewed on the display 68. 

Operating under the control of the computer program, the 

CPU 6~ can process images according to the methods set 

25 forth .herein, as shown in FIGS. 1-2 and 6-10. 

FIG. 7 illustrates an alternative hardware 

platf~rm implementing~ system in accordance with a 

further embodiment of the present invention. System.SO 

can be implemented usin.g a variety of different hardware 

30 components, such as ASIC (Application Specific Integrated 

Circuits), or a combination of discrete digital 

components, such as microprocessors, standard logic 

components, and other programmable logic devices. The 

system 80 includes a compression system 81 and a 

35 decompression system 82. The compression system 81 can 

be configured to perform any one or combination of the 

compression methods set forth in FIGS. 1, 8, 10, and 12; 
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while ~he decompression system can be configured to 
perform any one or combination of the decompression 
methods set forth in FIGS. 5, 9, 11, and 13. 

An image source 85 provides digital pixel values 
5 to a color converter 84. The image source 85 can provide 

the same functionality as described earlier for the image 
source 72 of FIG. 6. 

The color converter 84 performs a color space 
transformation on the input pixels, such as any of those 

10 described herein for FIG. 1. The converter functionality 
can be provided by conventional integrated circuits that 
are readily available from various manufacturers. 
Compressor 86 compresses the transformed pixels, removing 
redundant data. The compressed image file generated by 

15 the compressor 86 can be transferred directly to the 
decompression system 82 over a transmission medium 91. 
The transmission medium 91 can be a radio-link, computer 
network, cable television network, or satellite link. 
Alternatively, the compressor 86 _can transmit its output 

20 to a portable storage medium 92, such as an optical, 
floppy, or ZIP disk; or to a mass storage device 94 such 
as a computer hard disk or archival system. 

The decompresser 88 expands the compressed image 
file by applying an inverse wavelet transformation, as 

25 well as de-quantization and de-encoding functions. The 
decompressed data is. then passed to an inverse color 
converter 90 that applies an inverse color space 
transformation to generate pixel values in a color space 
and format appropriate for the image display 89. 

30 Standard electronic components are readily available for 
performing the function of the inverse color converter 
90. 

FIG. 8 illustrates a flow diagram of a method of 
compressing an image in accordance with an alternative 

35 embodiment of the present invention. In step 100, a 
digital image is input. In step 102, a color space 
transformation is performed on the input image pixels. 
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In step 104, the pixels are subjected to a wavelet 

transformation. In step 106, sub-band quantization is 

performed on the wavelet coefficients. Next, in step 108 

the quantized sub-bands are respectively entropy encoded. 

5 In step 110, the coded image file is output. 

Sub-band oriented quantization and entropy 

coding are well suited for wavelet-based image 

compression. The main idea is to take the advantage of 

di!ferent quantizations at different sub-bands (wavelet 

10 quadrant) and encode each band accordingly. Quadrants 

having a high variance in wavelet values can be allocated 

a finer mesh size for quantization, while those quadrants 

with smaller variances will be assigned fewer levels of 

quantization. That is, the number of bits one wishes to 

15 allocate to the output could be varied by quadrant. 

Those ~uadrants with large variances will utilize more 

bi ts, ,:While those with low variants will utilize fewer 

bits .. In this way, the number of bits resulting from 

quantization will remain the same, · but their allocation 

20 will differ depending upon the nature of the image. This 

technique greatly improves image quality while 

maintaining a high compression ratio. 

FIG. 9 illustrates a flow diagram of a method of 

decompressing an image compressed according t6 the 

25 methods shown in FIG. 8. Step 120, the compressed file 

is input. In step 122, the input image is entropy 

decoded. In step 124, de-quantization is performed on 

the d~coded image file. Next, in step 126, an inverse 

wavelet transform is performed on the image.. In step 

30 128, ~n inverse colbr transformation is performed. In 

step 130, post-processing altering is optionally 

performed. In step 132, the decompressed image file is 

then displayed. 
FIG. 10 illustrates a flow diagram of a method 

35 of compressing an image in accordance with another 

embodiment of the present invention. This method 

performs color-bit depth compression, which essentially 
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reduces the number of colors in the image to achieve 

compression. In step 140, the image is input with its 

original color. For example, each color pixel could be 

represented by a standard 24-bit value. Next, in step 

5 142, ~ color table is created corresponding to the image. 

The color table is a set of quantized color values. The 

quantized color values represent a smaller number of 

colors with correspondingly fewer bits. Each of the 

input pixels is mapped to the color table. In step 144, 

10 an index is calculated for each pixel in the image by 

dithering the pixel values. Dithering is accomplished by 

weighting pixels adjacent to the current pixel in a frame 

and then arithmetically combining the weighted values 

with the current pixel value to produce the index, which 

15 then represents the current pixel. The dithering process 

is repeated for each pixel in a frame. In step 146, the 

indexes are wavelet transformed. In step 148, the 

wavel~t coefficients are entropy coded. In step 150, the 

codedJimage file is output_. 

20 FIG. 11 illustrates a flow diagram of a method 

of decompressing an image that has been compressed 

according to the method shown in FIG. 10. In step 160, a 

compressed image file is received. 

the image file is entropy decoded. 
Next, in step 162, 

In step 164, an 

25 inverse wavelet transform is applied to the decoded data. 

Next, in step 166, post-processing filtering of the image 

is optionally applied. Next, in step 168, the 

decompressed image is displayed. 

FIG. 12 illustrates another method of 

30 compressing an imµge in accordance with another 

embod~ment of the present invention. In this method, a 

user can selective vary compression parameters (step 173) 

to obtain a lossless or near-lossless compressed image at 

a desired compression ratio. In step 170, the image is 

35 input. In step 172, an integer color transform is 

performed on the input image. In step 173, compression 

parameters are selected by the user using a software 
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interface. These parameters can include those described 

herein below in the subsection title "Peak Signal to 

Noise Ratio (PSNR} Controlled Compression". In step 174, 

an integer wavelet transform is performed on the color 

5 transformed pixels. In step 176, the wavelet 

coefficients are entropy coded. Next, in step 178, the 

compressed image file is then output from the system. 

The integer color transformation of step 172 is 

an integer reversible transform which can be used in 

10 color image compression to reduce processing time and 

image size. Step 172 transforms RGB color components to 

a set of color components Y-Nb-Nr, which are known. 

15 

The RGB to Y-Nb-Nr transform is given by the 

equations: 
y = G + Int(R/2 + B/2), 

Nb = B - Int(Y/2), 
Nr = R - Int(Y/2). 

The integer wavelet transform of step 174 is 

described below in detail. 
20 FIG. 13 illustrates a method of decompressing an 

image file that has been compressed according to the 

method shown in ·FIG. · 12. In step 180, a compressed image 

file is input. In step 182, the image is entropy 

decoded. Next, in step 184, an inverse integer wavelet 

25 transform is performed on the decoded data. In step 186, 

an inverse integer color transform is performed. Next, 

in step 188 optional post-processing filtering is 

performed on the image. Next, in- step 190, the 

decompressed image is displayed. 

30 The Y-Nb-Nr to RGB transform of step 186 is 

given by the equations: 
R = Nr + Int(Y/2), 
B =Nb+ Int(Y/2), 

G = Y - Int (R/2 + B/2) 
35 The inverse integer wavelet transform of step 

184 is described in detail below. 
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Reversible Integer Wavelet Transform 

This method allows a series of transformations 

which are very close to the corresponding biorthogonal 

wavelet transforms or some non-orthogonal wavelet 

5 transforms, but can be calculated with only integer 

addition and bit-shift operations. In addition, the 

integer wavelet transforms created disclosed herein 

possess a property of precision preservation {PPP). This 

property is very useful for conserving memory in both 

10 compression and decompression, and speed up the whole 

procedure in some applications. Two general methods from 

which one can get the integer wavelet transform desired 

are disclosed. 

Basic Integer Wavelet Transformations 

15 Two examples are provided as the starting point 

for the unique method. For the sake of convenience, 

'length, and simplicity, presented is only the algorithm 

for a one level decomposition and reconstruction and only 

for a one dimensional signal. The extension to two 

20 dimensions is immediate as the rows and columns can be 

treated into a sequence of one dimensional s"ignals. For 

25 

the following examples, assume that {co}N-1 
n n•O is the 

original signal where the superscript indicates level and 

the subscript indicates a particular point in the signal. 

Al so, {c 1}N1 -land {d1}H1 -
1 

n nao n n•O are its decomposition parts at the 

first level. Here 
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if N is an even number, 

if N is an odd number; 

PCT/US98/04700 

{c 1}N1
-

1 and {d1}n1
-
1 are its low frequency ( 1) 

n n•O n n•O 

part and high frequency (h) part, respectively. For 

multi-levels, we just create and repeat 

the procedure again. 
5 Example 1: A (2,2)-wavelet transform by integer 

10 

calculation. 
This transformation is similar to a variation of 

the Haar wavelet transform which uses low and 

high pass analysis (decomposition) filters given 

as: 

n 0 1 

En 
1/2 1/2 

gn 1/2 -1/2 

(1) Compute 

(2 ._1) 

(2) Compute 
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{ 

dA_-1 0 

1 _ Int(-
2
-) +C2k+11 if N is an even nwnber, 

CN1-1-

cJ-1, . if N is an odd,nwnbez. 

(2. 2) 

Here, Int(x) is an arbitrary rounding function 

which may have different interpretations. For example, 

Int(x) can be the integer which is nearest to x, or 

Int(x) may be any integer which satisfies x-l<Int(x)s x, 

5 etc. It is easy to see that all entries in both 

10 

From (2.1)-(2.2), we can easily get the 

following integer reconstruction algorithm: 

(b) Reconstruction 
(l)If N is an even number, compute: 

0 l d; 
c2k•i =ck -Int ( 2 ), k=O, ... , N1 -1; 

or, if N is an odd number, we have 

0 l d} 
C2k+1=ck-InC(2). k=O, ... ,Ni-2; 

C o -cl 
N-1 - N1 • 

(2) Compute 

(2. 3) 

(2. 4) 

(2. 5) 
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Remark. Since (2.1)-(2.6) are not linear because of the 
rounding operation Int(x), this means the transformation 
order becomes significant. For instance, if the 
decomposition was applied first to the columns and then 

5 to the rows, the inverse transformation must be applied 
first to the rows and then to the columns. 

Example 2: Lazy .wavelet transform. 
The lazy wavelet transform is used to illustrate an 
important concept. The corresponding inverse transform 

10 is nothing els_e but sub-sampling the even and odd indexed 
samples. Decomposition and reconstruction can use the 
same formula as follows: 

cf=clk, k=O, ... ,N1-1; 

d;=clk+1, k=O, ... , M1 -1. 

Examples 1 and 2 are not good transforms for 
image compression, but they are simple. Much better 

15 transforms can be achieved from these two. As suggested 
above, they are considered only as a starting point for 
the integer, reversible, wavelet transform algorithm of 
the disclosed invention. 

It is noted that there is another in~eresting 
20 property in the above two transforms which may not be 

easily seen. If the values of the signal pixels are 
represented by a finite number of bits, say one bit or 
one byte, the same number of bits can be used to 
represent the result of the forward transform within the 

25 computer itself because of the complementary code 
property. While, from the reconstruction algorithm, the 
computer will get back the exact original signal through 
the same complementary code property. This property is 
called a Property of frecision Preservation (PPP) for 

30 these wavelets. 
It is known that the general values for the high 

frequency wavelet coefficients are small, and all higher 
levels of the decomposition also provide generally small 
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values .in the high frequency band. This allows the 

preservation of precision during the computational stage 

of the wavelet coefficients. Now, the complementary code 

property, the other aspect of the PPP property is a well 

5 known characteristic of integer arithmetic as done by the 

computer. Consider the computation of the difference of 

~wo integers given as c = b - a and the inverse 

computation of a= b - c. The nature of the computation 

within the computer can be specified as follows: 

10 and the inverse is 

where them subscript indicates the internal 

representation, and the range of the integers a, b, c 

The internal representation of cm when 

it is outside the range, its appearance is as a two's 

15 complement number, so the representation may not be the 

same as the external representation of c. However, the 

same complementary code for the am will cause the internal 

representation to be identical to the external 

representation of a. For example, if we let b = 2 

20 (00000010) and a= -127 (10000001) then Cm has the 

internal binary value of (10000001) when q=4. With a 

value of -127 for cm the inverse value for am will just be 

a. 
In fact, for Example 2, this property is 

25 obviously true. While for Example 1, if the range of the 

pixel values is within a finite number of bits, say q, we 

can only use q bits as the working unit, which means the 
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value of transform coefficients will also be within the 

interval with length 2q, say [-2~1 , 2~1 - 1). Due to the 

nature of computation on a machine, most machines will 

implement (2.1)-(2.2) automatically as follows (the 
5 complementary code property): 

(2.6) 

d; O , _l ( d; O 1 
Int ( 2) +c2k+i, it -2q :Sint 2 ) +c2k+i <2q- , 

l d; 0 • dt O 1 (2.7) 
ck= Int ( 2) +c2k+1-2q, it Int ( 2) +C:zk+l~2q- ' 

d; o . di o 1 
Int ( 2) +c21c:+l +2q, it Int ( 2) + C2k+l < -2/l'" . 

While the reconstruction algorithm (2.3) and 

(2.5) will be implemented by the computer itself as 

C o -
2k+l -

. dl dl 
c;-Int(-f,l, it -2q-1:Scf-Int(-f) <2q, 

2q+(c;-Int( ~;) ), it cf-Int( df )-<-2q-1, 

( c;-Int ( 1) )-2g, it c;-Int ( ~t) >- -2q-1
• 

{

d;+clk+1, · if -2q-
1
:Sdi + clk+i < 20--

1
, 

ctk= d;+clk+1+2q, if d;+ctk+ 1 <-2q-1, <2-9) 

d;+c~k•i -2q, if d;+c~k•i~ -2q-
1

• 

(2.8) 

It is obvious that (2.8)-(2.9) are just the reverse of 
(2.6)-(2.7). It is also easy to see that if we properly 

10 take advantage of the bound in the coefficient size 

mentioned above, the algorithm can be implemented using a 
minimal amount of storage. 
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The following are examples which give motivation 
for our new approach. 

Example 3: A (2.6) wavelet transform by integer 
calculation (2). 

5 This transformation is similar to using the 
following analysis filters: 

n -2 -1 0 1 2 3 

En 
0 0 1/2 1/2. 0 0 

9'n -1/16 -1/16 1/2 -1/2 1/16 1/16 

(a) Decomposition 
10 Decomposition starts with Example 1 at step (1) 

and (2), and then upgrades the high frequency component 
at step (3): 
(1) Compute 

(2) Compute 

d l,O 
l_ ( k ) 0 k ck-Int -

2
- +c2Jc•i, =O, ... ,N1 -2, 

Hrl o 
C l = Int(-

2
-), +CN-11 

Nrl { 

d l,O 

15 (3) C~mpute 

0 
CN-11 

if N is an even number, 

if N is an odd number; 

and then, if N is even, calculate 
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else, calculate 

c1 -cl 
d 1 =Int( Ni-3 N1-1)-d1, 0 

Hi_ -1 4 Hi_ -1 • 

(bl Reconstruction 
The reconstruction algorithm is identical to the 

decomposition algorithm, except it is now running 
5 "backwards". 

(1) Compute 

and then, if N is even, calculate 

else calculate 

(2) If N is an even number, compute 

d l,O 
O_l (k)kO C2k+1-Ck -Int -

2
- , .= , •.• , N1 -1; 

10 or, if. N is an odd number, we have 

(3) Compute 
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We see in step (2)-(3) above, that they are just 

the same as shown for the reconstruction of the (2.2)

wavelet transform (Example 1). 
Example 4: A (1,3)-wavelet transform by integer 

5 calculation. 
The following nonlinear transform is a variation of the 

transform which uses biorthogonal analysis filters: 

n - -1 0 1 

En 
1 0 0 

1/4 -1/2 1/4 

9'n 

(a) Decomposition 

This decomposition starts with the Lazy wavelet 
10 at step (1) and upgrades the high frequency component at 

step (2): 
(1) Set 

1 o k ck =c2k, =O, ... , N1 -1; 

d;=clk+1, k=O, ... , M1 -1. 

(2) If N is an even number, calculate 

Otherwise, if N is an odd number, calculate 
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(b) Reconstruction 
(1) Set 

(2) If N is an even number, calculate 

Otherwise, if N is an odd number, calculate 

0 0 
o I t ( C2k+C21c+2) -d1 k O M 1 C2k•1 = n 

2 
1c, = , ... , 1- • 

PCT/US98/04700 

Example 5: (5,3)-wavelet transform by integer 
calculation. 

This transformation is also similar in function 
to using the biorthogonal analysis filters. It is given 
by 

n -2 -1 0 1 2 

En 
-1/8 1/4 3/4 1/4 -1/8 
1/4 -1/2 1/4 0 0 

gn 

(a) Decomposition 

This decomposition starts with Example 3 at step 
(1) and upgrade low frequency components at step (2): 

15 . (1) Set 
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C
1 •0 -c 0 k-O N l k - 2k t - , ... 1 1 - i 

If N is an even number, calculate 

Otherwise, if N is an odd number, calculate 

0 0 

dk1=In'" ( c2k+c2k•2) k O M 1 ., 2 -c2k+l 1 = , ... , 1- • 

(2) If N is an even number, compute 

Otherwise, if N is an odd number, calculate 

c5=cl• 0-Int ( 1) , 
1 1 o df-1 +d; ck=ck' -

4 
, k=1, ... ,N1 -2, 

l 1 0 d{-1 · 
CN1 -1 =cN:-1 - Int ( -2-) . 

5 (b) Reconstr~ction 
(1) Compute 
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c~=ct+Int(-0 ), 

2 

32 

dl +dl 
c 0 =c 1 +Int( k-i k) k=l, ... ,N.1 -2, 2K k 4 

, 

Then, if N is even, calculate 

else calculate 

(2) Compute 

· 0 0 
o I t;( C2k+C2k+2) -dl k O M 2 C2k• 1 == n 

2 
k , = , ... , 1 - , 

Then, if N is even, calculate 

PCT/US98/04700 

The PPP property for Examples 1-2 mentioned at 

the end of the previous section is also applicable for 
these.three examples. It is obvious these three 
transformations are not really linear, but they are 
similar to the one using the corresponding filters given 

10 above. Especially, the filters in Example 3 and Example 

5 belong to, with minor modification, the group of the 

best biorthogonal filters for image compression. 
Also, from the above three examples, we can note 

that if we begin with integer (linear or nonlinear) 
15 wavelet transformations and then use some proper 

upgrading formulas, we can get other, much better 
integer, wavelet transformations for image compression. 

Lifting Scheme and Integer Biorthogonal Filtering 
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The Lifting scheme, discussed by W. Sweldens in 

"The Lifting Scheme: A Custom-Designed Construction of 
Biorthogonal Wavelet", Applied and Computational Harmonic 
Analysis, Vol. 3, No. 2, April 1996, is a recently 

5 developed approach for constructing biorthogonal wavelets 
with compact support. It can be used, with minor 
modifications, to create integer biorthogonal wavelet 
transformations. The following is an adaptation of the 
lifting scheme. 

10 Definition 1. The set of filters {h, h, g, g}, a set of 
biorthogonal filters if the following formula is 
satisfied: 

YwE:R:.fi'i(w)M1(w) ::::1. 

whez:e [
h ( w) h ( w +n)] 

m(w)= , 
g(w) g(w+n) 

and h(w) =~hke-kwand g(w) =~ gke-kw, 

and similarly tor .fi'i(w), Ji(w) and §'(w). 

The following lemma is the main result of the 
lifting scheme [l] reported as corollary 6 in that paper. 

15 Lemma 1. Take an initial set of finite 
.· r.-0 0 ,._,. 

biorthogonal filters {h, h, g, ·g}, then a new set of 
finite biorthogonal filters {h, h, g, g} can be found as 

Ji (w) =1i 0 (w) +fl(w) s (2w) 

g(w) =g0 (w) -h(w) s(2w). 

Similarly if we take {h~ 'h, g, 'c/} as an initial set of 
biorthogonal filters, a new set of biorthogonal filters 

20 {h, b, g, g} can be found as can be found as 
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h(w)=h 0 (w)+g(w)s(2w) 

g(w)=g0 (w)-.f.i(w)s(2w). 

PCT /US98/04700 

Heres(~) is a trigonometric polynomial and the 

corresponding filters is finite, and so is 's(~). 

Actually, regarding the filters (4.1) is equivalent to 

or 

h.1c=h~+~ g1c•218 i 

§'.1c=g~-~ .f.i1c-2181 

Next -we use the lifting scheme with minor 

modifications to create an integer, nonlinear, quasi-

biorthogonal, wavelet algorithm. Suppose is a 

original signal, and are again its low and 

high frequency decomposition parts, obtained by using the 

10 filters {h, h, g, g}. 
If we use filters {h, g} for decomposition 

(analysis), the corresponding decomposition algorithm is 

While the reconstruction algorithm will be 
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related to the synthesis filter {h,g}. Here, parameters 

"c and "dare positive constants with "c."d=2. For 
example, in the situation of regular biorthogonal 
decomposition and reconstruction, "c="d=ff; .and for 

5 Example 1 through Example 5 above, "c=l and "d=2. 

10 

15 

If the set of filters {h, h, g, g} is from (h, 
1i0 , g0 , g} by (4.2b), then decomposition can be 
accomplished as follows: 

1. Calculate 

{ '·'-« I: 'Ii' CJc - c n Cn n-2.1c1 

dJ=adE cifln-2k' 
ll 

2. Calculate 

c1-c1,o+ "cE d1 s le- k - k-1 l' 
ad 1 

The relative reconstruction scheme will be: 

1. Calculate 

c1, o "'C 1 "cE d1 
k k a k-1•1 

d 1 (4.s) 

2. Calculate 

Here, equations (4.3) and (4.6) are just the wavelet 
,..o 0 

(inverse) transforms using biorthogonal filters {h, h, g, 
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g}. While (4.4) and (4.5) are forward and backward 

upgrading formulas. 
Similarly if the set of filters {h, 

. ,.,,,, 
from the initial set of filters {h; h, g, g} 

(4.2b), the relative decomposition is: 

1. Calculate 

{ 

Cf =«c:E c!hn-2k 
n 

1,0.. o-o 
dk «d~ Cngn-2k• 

2. Calculate 

The reconstruction scheme is: 

1. Calculate 

1. Calculate d 1 ' 0 =d 1 «c~ c 1 
k k « ~ k-1•1 

d l 

2. Calculate 

..., ~ 
h, g, g} is 

by using 
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Corollary 4 .1.. Suppose biorthoganal filters{h, E., g, g} 

are from initial filters {h, E. 0
, g 0 , !1} by the lifting scheme 

(4,la) or (4.2a). If the decomposition and reconstruction 

by filters {h, E. 0
, g 0 , g} can be accomplished only by integer 

calculation, such as Example 2, we also can create a 

corresponding integer wavelet decomposition and recon

struction scheme which is very 11 close11to the original one 

by using filters {h, E., g, g,} . Here the word II close" means 

that the difference of the two dec:ompostion schemes 

is just some rounding error, and this rounding error will 1 

corrected by the integer reconstruction scheme. 

In fact, if {c.¢• 0
} and {di} are integer after (4. 3), 

we can calculate {c;} by 

Cf"'Cf'
0
+In~ ::E dk~isi) 

instead of (4.4). Here Int(x), as described in Section 
2, is an arbitrary rounding up function which satisfies 
x-1 s Int(x) s x+l. It is obvious that (4.7) is very 
close to (4.4), and the exact reconstruction scheme can 

5 easily be obtained from 

and (4.6). There will be a similar result, if the set of 
biorthogonal filters {h, h, g, g} is obtained from the 
initi~l set of filters {h, h, g, g} by using (4.2b). 

Except for the example shown in the Lazy wavelet 
10 (E:x:amp_le 2), most standard biorthogonal wavelet· forms 

cannot be performed directly by integer, even for one of 
the simplest wavelets, the Harr wavelet. However, if the 
parameters «c, and «dare properly chosen and the 
transform algorithms, such as Example 1 and Example 3, 

15 are slightly changed, a variation of the original 
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biorthogonal wavelet transforms with respect to the set 

of filters {h, h, g, g} is created. On the other hand, 

the parameters should be also chosen carefully to 

guarantee that only addition and shift operations are 

5 needed by the algorithm. 
..... -If the set of filters {h, h, g, g} is obtained 

from a set of filters {h~ h, g, g} by the lifting scheme, 
, ,.,, 11,, ... 

and the set {h, h, g, g} is also obtained from a filter 
0 ,., • • ,.,.o 

set {h, h, g, g}, one can repeatedly use Corollary 1 to 

10 get a "close" integer wavelet transformation. 

The Correction Method for Creating 
Inteaer Wavelet Transforms 

Another approach for obtaining integer wavelets 

is using the so-called Correction method. The motivation 

15 of this method is from the S+P transform. The lifting 

scheme for generating biorthogonal wavelets can be 

considered as a special case of the correction method. 

From this can be derived complicated filters with fast 

decomposition and reconstruction algorithms. 

20 Assuming a simple integer wavelet transform, 

25 

such as Examples 1 through 3, the decomposition and 

reconstruction scheme of which can be formulated as 

follows: 
Decomposition 

ef:• 0 =df c ({en°}) 

di:' 0
=dfd ({en°}) 

Reconstruction 

(5.1) 

(5.1) 

Here, (5.1) and (5.2) can be the same as (4.3) and (4.6) 

or other algorithms. 

In general, after the above decomposition, one 

may not be satisfied with the result. There may still be 

30 some correlation among the high pass components because 
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of the aliasing from the low pass components, or the low 

pass components do not carry enough of the expected 

information from the original signal. Hence, one could 

make an improvement by putting some correction part on 

5 the high pass components or low pass components. There 

are many ways to accomplish this. However, for the sake 

of the integer calculation, it is preferable to use 

following correction method. To make a correction for 

the high pass part, the corresponding formula would be: 

di =d;· 0 -Int(_d~,k)k=···, O, 1, 2 ... 

10 Here, dck 1 is a correction quantity for dk1 

(5. 3) 

(5. 4) 

and and are given parameters which 

have been chosen for the user's purpose such as reducing 

the redundancy among high pass components or some other 

special requirement. To preserve the integer 

15 calculation, any entries in both 
!>.c. T 

~ O'~ t~S'o and ~ L j' L.:- / should be rational numbers with 

denominators being powers of 2. 
From (5.1), (5.3) and (5.4), it is easy to see 

the perfect reconstruction algorithm can be 

( 5. 5) 

20 combined with (5.2). 
As mentioned above, the Lifting scheme is a 

special condition of the correct.ion method. Examples 3 

through 5 can also be considered as the examples of this 

method. We next give an example of the Correction method 

25 which cannot be included in the group of Lifting scheme, 

and also which does not result in a closed form of 

compact support fo~ biorthogonal filters. 
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Example 6: S+P transform, which is similar to 
using following analysis filters. 

n -2 -1 0 1 2 

ti n 0 0 1/2 1/2 0 

~n -1/16 -1/16 15/32 -17/32 7/32 

While the synthesis filters do not have _compact 
support, the S+P transform can be implemented as follows: 
(a) Decomposition 

(l)Take the decomposition step of Example 1, 
10 that is, compute 

and 

(2) Correction Step: Define S0 = -1, S1 = 1, T = 1 and 

.,. _ l 
•1--. 

4 

~ 

0 

-1/32 

IPR2023-00332 Page 00206



5 

WO 98/40842 

and now compute 

(b) Reconstruction 
(1) Compute 

41 

(2) If N is an even number, compute 

or, if N is an odd number, we have 

(3) Compute 

Boundary Conditions 

PCT/US98/04700 

There are two issues dealing with boundary 
filtering if the Lifting scheme or the Correction method 
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is used to generate the integer wavelet transformations. 

The first is how to process the boundaries which occur in 

the start-up wavelet transformations. The second is how 

to deal with the boundaries in the deductive formula. If 

5 the boundaries in the start-up wavelet transform have 

already been established, then those in the upgrading 

formula are relatively easy to establish. For the 

Lifting scheme, the boundaries in both steps should be 

processed in the same way. While, for the Correction 

10 method, according to (5.3)-(5.4), one has more choices to 

process boundaries in the second step. Therefore, the 

process by which the boundaries in the start-up wavelet 

transformations are established is discussed. Assume 

15 

20 

compact supported biorthogonal wavelets. oJ ~ 
Suppose the original signal is \ C." ~ 11.-:.:,• For 

creating integer biorthogonal wavelet transformations, 

use the following symmetric extension: 

(1) If current biorthogonal filters have even 

length, the boundaries of the signal are 
O 0 

extended as C = C ,fc..: r, '2. 1 • • • , 
• ~ ,:. -, J 

(2) If the filters have odd length, the 

following extension is performed 
• 0 c.._~ ; ~ I ...(c.. :; I 1 2. 1 • • • • 

Examples 1 through 5 use the boundaries given 

25 above. In Example 6, the start up wavelet transform uses 

the above boundaries but in the upgrading step, another 

boundary filtering is used. In addition, for arbitrarily 

sized images or signals, one can use the same technique 

described in the above examples to deal with this 

30 condition. 
As mentioned earlier, for many applications, 

lossless image compression is more important than lossy 

compression. The integer wavelet transforms described 

·above provide the opportunity to compress without loss. 

35 It is also obvious that the integer wavelet algorithms 
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can be used wherever ordinary wavelets are used, 
especially in signal and image compression. However, for 
most computers, the integer wavelet transform is much 
faster than other wavelets and it uses much less memory. 

Peak Signal to Noise Ratio (PSNR) 
Controlled Comp~ess1on 

Peak Signal to Noise Ratio (PSNR) is a widely 
used quality measurement. PSNR controlled compression 
allows users to choose their desired PSNR for the 

10 compressed image. In each of the compression methods set 
forth herein, a user can selectively set the PSNR and the 
desired compression ratio, as well as the initial 
quantization and threshold levels for each quadrant of 
wavelet coefficients, to obtain the desired image 

15 quality. 
For example, the wavelet map of FIG. 3 shows a 

total of 10 regions (quadrants). Each of these ten 
quadrants can have two additional parameters associated 
with them. The parameters define the quantization and 

20 threshold values for that particular quadrant. Since 
there are three planes for color (only one for gray 
level) the maximum number of parameters that the user can 
control is 60 -- 10 for quantization and 10 for 
thresholding for each of the three color layers. In the 

25 case of a gray level image, there are only 20 parameters. 
If a compression ratio, or a quality factor 

which indirect_ly defines a compression ratio, is 

specif,ied, then the user wants the compression ratio to 
remain identical over the changes in the parameters. In 

30 order to accomplish this, two parameters are monitored: 
the compression ratio and PSNR (peak signal to noise 
ratio). The PSNR is defined as PSNR = 20 loglO (X/MSE), 
where the Xis the average absolute value of the pixels 
in the compressed image and MSE is the mean squared error 

35 measured between the compressed and original image. 
Holding the compression ratio constant, the PSNR needs to 
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increase to improve image quality. The way to increase 

the PSNR is to reduce the MSE. 
An iterative method can be used to adjust 

parameters to achieve the desired PSNR. The step are as 

5 follows: 

10 

(a) Pick an initial parameter setting P0 ; 

(bl Quantize the wavelet coefficients with P0 

and calculate the corresponding PSNR; 

(cl If the PSNR is close to the d~sired one, 

stop and output the coded file; otherwise, get 

an adjusted vector i1P0 and set P0 • P0 + i1P0 , 

go to step (bl . 

Progressive Decomposition 

Progressive decompression allows users to decode 

15 images at varying degrees of resoluti6n, starting from 

the lowest resolution and progressing to the highest 

resolution. The'advantage of this feature is that users 

can download small pieces of the coded file and view the 

image at lower resolution to determine if they want to 

20 download the whole image. Progressive decomposition can 

.be used with any of the decompression methods previously 

disclosed herein. Progressive decomposition is 

accomplished according to the following steps: 

25 

30 

35 

(al Input the lowest bandpass component C1 of 

the coded file and reconstruct the lowest 

resolution image r 0 ; 

(b)Display image I 0 ; 

(c) If the user is not satisfied with the image 

quality or the resolution is big enough for 

stop; otherwise, go to step (d); 
(d) Input the lowest three band-pass components 

HD1
, VD1

, and DD1 successively in the current 

image file. Reconstruct the new image 11 from 

C1
, HD1

, vo1
, and 001

• Let r 0 = I 1 ; go to step 

(bl . 
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Image Map Editor 
The image map editor creates an image map over a 

compressed image file. This permits an image compressed 
according to one of the methods set forth herein to be 

5 easily integrated into a web page using an http link. A 
user selects one or several areas of compressed image, 
assigns one or more http links to the areas. The image 
map editor calculates the coordinates of the areas and 
outputs the HTML associate with the image. The user can 

10 add such information into program source code. Following 

15 

is an example of such image map: 
<EMBED SRC="cow.cod" type="image/cis-cod" 
WIDTH=".257" poly= "44, 45, 103, 78, 103, 86, 54, 
86, 54, 78", 
href="http://www.infinop.com"></EMBED> 

Non-Uniform Image Compression 
The present invention allows a user to perform 

non-uniform image compression. Essentially, non-uniform 
compression is accomplished by dividing an image into one 

20 or more rectangles, each representing a matrix of image 
pixels. Each rectangle can be compressed by any of the 
methods disclosed herein. 

For instance, referring to the compression 
method of FIG. 8, integrating the non-uniform compression 

25 feature with the method allows a user to partition the 
image into several parts with different interests. The 
user can t~en compress these areas with different image 
and/or compression qualities. The parts can have any 
shape.· 

30 The non-uniform compression feature can be 
incorporated in to the method of FIG. 8 as follows. 
Steps 100-102 are performed. Then, the user creates 
bitmap_ matrices defining the partitioned areas. Each 
area is then wavelet transformed. Different 

35 quantizations are then applied to the different areas 
according to ·the transformed matrices obtained above. 
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Split and Merge Wavelet Algorithm 
for Big Image Compression 

PCT/US98/04700 

This algorithm allows users to compress large 
images by partitioning them into smaller pieces. The key 

5 is to divide the original image into several smaller 
pieces and compress/decompress them separately by using 
overlap and de-overlap technique. With this technique, 
the individually compressed pieces are equivalent to 
compressed whole image. The user does not see any edge 

10 effects in the decompressed image, which normally occur 
with conventional split and merge methods. 

Also, with this algorithm, users can selectively 
decompress the whole image or choose a specific part to 
decompress according to an image map created during the 

15 compression phase. The algorithm is preferably 
implemented as a software program executing on a general 
purpose computer. 

There are two ways to compress an image by 
split~ing it: automatically or interactively. The 

20 automatic approach is transparent to users since the 
algorithm will automatically split to the image according 
to the characteristics of the computer used to perform 
the compression. Using the automated method, the 
algorithm first detects the size of the source image and 

25 the memory size of the host computer. Next, the image is 
split into several pieces with a predetermined number of 
pixels overlapping according to the image size and 
computer's memory. Overlapping pixels are those that 
appear in more than one piece of the split image. 

30 Each piece of image is compressed in order 
according to any of the methods disclosed herein from the 
image resource. 

The split image is decompressed as follows. 
First, the headers of the compressed image pieces are 

35 read to determine their order and compression parameters, 
such as quantization thresholds and decomposition levels. 
Next, each piece of the image is decompressed and de-
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overlapped. Merge all pieces together in the proper 
place for display. 

Using the interactive method, a user can 
indicate how many blocks they want to divide the image 

5 into and how many pixels they want for overlap. To 
compress an image according to this approach, the size of 
the source image is first detected. Then, the user's 
choice for the number of blocks and number of overlapping 
pixels is entered. Next, the image is divided into the 

10 pieces according to the user's choice and the size of the 
image. Finally, the individual pieces are compressed 
according to one of the methods disclosed herein. 

The interactively split image is decompressed as 
follows. First, the header of the coded image is read. 

15 Next, an image map is displayed for the user to look at 
what the image context is about. Th~ user can then 
choose to display entire image or a specific piece of 
image. If user chooses to display a single piece of 
image,. the algorithm finds the position of this coded 

20 piece .and decompresses ~t. If the user instead chooses 
to display the entire image, the algorithm decompress 
each piece of image and de-overlaps it. All pieces are 
then merged together in the appropriate display location. 

Example A, below, shows further technical 
25 details related to the present invention. 
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While specific embodiments of the present 
invention have been shown and described, it will be 
apparent to this skilled in the art that the disclosed 
invention may be modified in numerous ways and may assume 

5 many ~mbodiments other than the preferred form 
specifically set out and described above. Accordingly, 
it is intended by the appended claims to cover all 
modifications of the invention which fall within the true 
spirit and scope of the invention. 

10 

IPR2023-00332 Page 00214



WO98/40842 PCT/US98/04700 

49 

1.0 QuaUty Compression Optimization 

The foJJowing sections deal with the improvement of the compressed 
image quality. As stated in the report introduction, we believe this iii the last significant major problem to be .ictdresscd in the 11till 
imagery compression system. 

1.1 Introduction 

The issue is the mechanism which Cllll be: used to improve the quality of the image based upon the J?ature of the: parameters used in the compression process. We think this is an important issue, and in our experimentation, we have found fairly striking results. For example, if we hold the compression ratio constant, we can compress an image and obtain on a 11ubjective scale of C, where · 

• A is no observable defect, 
• B is observable but not noticeable, 
• C is quite noticeable, but not distracting from the image, 
• D is very noticeable and detracts from the image, 
• E is unacceptable. 

If we now change the parameters by a hand opuruization, we find we 
can change the subjective evaluation from a C to a B with the 
compression ratio left alone. We believe thi5 is significant. in that it guarantees a comprei;sion system which is tailored for each image independently, rather than have each image compressed by the same set of parameters irrespective of the image content. 

To review the proccH of compression, consider the following figure, Figure 49. 
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Figure 49 
ROB Image in 24 Bit Color Depth Showing Transfonn to YIQ 

Figure 49 shows the relationship between the· RGB and YIQ color 
representation and the processes which take place in the algorithm 
as this data is transformed into the final lossy set of wavelet 
coefficients.. The processes which apply to the imagery arc: &hown as 
heavy arrows with ·the process identifier shown as part of the arrow. 
If no process number is present, then the arrow is just a passive link 
between processes and data. The important point to note is that in 
color imagery. we deal with three images (one luminei1cence, and two 
color planes). - The Y component is critical, while the IQ components 
are less sensitive to error introduced by the compression system. 

The prOCC$Se& shown in Figure 49 are ns follows: 

• (1) Transform the RGB format into YIQ format, using long 
integers. This format is only an approximation of the YIQ format. 

• (2) Transform the YIQ planes into a wavelet decomposition using 
our own integer wavelet transform. This produces the result 
sbow1,1 in Figure SO, but for each plane. 

• (3) We have shown an alternative process which is an optional 
down sampling for the IQ color planes: This down sampling may 
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be done once or twice to produce two im11ge planes either one 
fourth or one sixteenth the siz.e of the original plane. If this 
process is to be done, it will be accomplished prior to the wavelet 
transform of process (2). 

• (4) He.re the first step in the loss occurs. The wavelet coefficients 
are now quantized to a number of levels depending upon which 
quadran't is being processed, and the desired compression or 
quality factor. 

• (S) Simultaneously with step (4), the wavelet coefficients are 
being matched against thre~hold values, and if the values are lc~s 
than the established threshold values specified, then the resultant 
value is set to z.ero. 

• (6) The last step in the process is to entropy compress the 
resultant coefficients using· either Arithmetic, Run Length, or 
Huffman, of Huffman and Run Length combined. The key issue is 
the amount of comprcs~ion desired against the invHted time 
required to get that level of comprel'ision. 

The issue now, irrespective of the down iiaropling or not of the IQ 
. components, is the fact that we process the three planes into five 
levels in a decomposition Bl'i · shown in Figure SO. From this figure:, 
one can see a total of 16 regions (quadrantli) which arc defined by 
the: numbers 1 through 16. Each of these sixteen quadrants have two 
additional parameters asi;ociated with them. The parameters define 
the quantization and threshold values for that· panicular quadrant. 
Since there arc three planes for color (only one for gray level) the 
maximum number of parameters thnt the user can control is 96 -· 16 
for quantization and 16 for thresholding for each of the three color 
layers. In the case of a gray level image, there ilrC only parameters 
for one layer. 

Our experience has shown the parameters for an image are very 
sensitive in some cases. and not in other cases. In order to measure 
I.his sensitivity, we generated the variance of the wavelet coefficients in the 16 quadraDtll. Table 1 provjdes these valuei. for each of the 
three planeii. 
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Figure 50 
Decomposition of a Plane into 

Image: Lenna 

1 

3 

Five Levels 

Tulips 
W11?al1s V1d11a,a Y£nvs.l!:a V11cia1ua: 

Qu&d!JDI X I Q l I Q 
I 13 4.7 l.4 164.2 27.3 6.6 
2 6 3:2 1.1 134.6 24.9 ,.o 
3 1 l.l 0.6 28.9 4.6 I.I 
4 .56 ,.s 1. 7 276.1 57.7 12.9 
s 23 4.5 1.1 274.3 67.3 12.4 
6 10 2.8 0.8 124.1 22.7 s.o 
7 1%8 11.4 2.6 225.7 73.2 13.7 
8 " 7.4 1.1 298.J 107.3 16.2 
9 37 3.3 1.0 114.2 35.S 6.8 
10 2.53 27.5 4.1 174.8 73.9 10.7 
I I 75 11.8 1.5 285.1 128.2 14.0 
12 64 6.!I 1.1 107.9 47.8 6.7 
13 499 41.7 10.1 135.4 75.6 8.7 
14 138 11.2 2., 245.0 144.0 11.2 
l!I U6 12.2 2.0 89.3 49.1 ,.1 
Ui I §161 J 281 8 '20"i ti 2 ~QB fi !iiil 4 222 

Table l 
Wavelet Coefficient Variance by Numbcn:d Quadrant for Two 

PCT/US98/04700 

Images 
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The clear information to be gained by the numbers in Table l is the 
images arc quite different. and the quantiz.ation or thre11hold lcveb. 
set for all images will only be an approximate solution at best. The 
optimum solution would be to have the quantization and threshold 
values set according to the variance values. Such settings could be 
found in a table with various ranges, and for each such range, the 
parameter& of interest could be defined. This would give a mare 
optimal solution. but still not the optimal solution. In order to get 
optimality, one would need to search over the variable space using 
the near optimal settings to find the actual best values for the 
parameters. 

As the values in Table 1 grow, the implication is a finer mesh fiize for 
quantization. That is, the ·number of bits one wishes to allocate to the 
output could be varied by quadrant. Those quadrants with large 
variances will utiliz.e more bits, while those with low variants will 
utilize fewer bits. In this way, the number of bits resulting from 
quantiiation will remain the same. but their allocation will differ 
depending upon the nature of the image. 

1.2 Approach 

The solution to the problem posed in the previous section is to 
determine how the ninety-six parameters interact with one another. 
The problem is a bit more sophisticated than just measuring 
parameters. however. The issue is with each parameter change, the 
compression ratio will change. If a compression ratio, or a quality 
factor which indirectly defines a compression ratio, is specified, then 
the user wants the compression ratio to remain identical over the 
changes in the parameters. ln order to accomplish this. there are 
two parameters which we must monitor: PSNR (peak signal to noi:r.e 
ratio which is defined to be PSNR = 20 log1 o (X/MSE) where the X is 
the average absolute value of the pixels in the after image and MSE 
is the mean squared error measured between the before and after 
-image) and lbe compression ratio. The compression ratio must be 
held constant, and the PSNR needs to increase, and the way to 
increase the PSNR is to reduce the MSE. 

The difficulty with this system as described 1s 111 many cases, small 
changes in the parameters introduce significant changes in the MSE. 
Also, we believe. the paramctcn. arc not independent. We have also 
seen images where the parameten can be· changed in one way, then 
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altered, and the results are exuctJy the same. This indicates the 
optimal value is not a 5inglc point, but rather something like a plane 
with little slope. 

1.3 Status 

We have established the rules under which the optimal solution will 
need to e~ist, and arc at the moment writing software to measure the 
variance within the Lightning Strike environment. Once this is done, 
we will being examining many images to see how clo£c we can 
determine the optimal parameters for a defined set of variances. 
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~IS-2 Ima&e Compression Algorithm 

H.ONGY ANO CHAO 

Part I: Brief Review ofLSIC 3.0 

l. lntroduc:tio11 

.PCT/0S98/04700 

CIS-2 (temporary name), which has been being used in Lilbtuiog Strike 3.0 image 

compression software, is a wavelet based image compression alg~thm. CIS-2 has 

following inventions: 

• Integer reversible wawlet algorithm with Property of Precision Presc::rnnion; 

• Su'bband oriented quantiz.ation and related entropy coding; 

• Wivelet lossless compression for color and gray images; 

• Proares,ive transmission algorithm for color bit compression; 

• Progressive transmission and decompression algorithms; 

• Non•uoif'OT11l image compression algorithm; 

• Quality based wavelet ~ffic:ient quantization tables; 

• Auac:hed optional post-processing filters; 

• Image map editor; 

• Optional peak signal noise ratio t:0nt:rolled compression; 

• Special split and merge wavelet compression algorithm for very big image 

compression without any boundary effects ; 

• Image dependent parameter optimization . 

2. Main 1tep1 oftbe aJ1orithm 

In Lsic 3.0, tbrec kinds of different image compression methods arc included: 

Method 1: Quality controlled wavelet based compression 

Mahod 2: Color bit depth compression 

~c:thod 3: Wavelet_lossless compression 

Section 2.1 ·2.3 will give brief description of above method. The details will discuss 

later. 

2,1, MalD atep of method I 

Fipre 1 and Figw-e 2 give the flow tharts of the image compression aad 

de=mprasion of methodl respectively. Every st.tp in both com.prnsion m:id 

decompression has lot of details. which will be d~bcd latcf. 
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Color 
Transfonnation.s 

Wavelet 
Transform 

Figure 1: Compression flow chart for Meihod 1 

Input Coded 
Image File 

Entropy 
Dec:oding 

De-quantization 

Disply Oecompn:ucd . Post filtering if ..,__--l. 
J.n:iase File KCSSary 

Inverse Wavelet 
Transform 

lnvol"liO Colo 
.,.__--➔ Tnutsform 

Figun 2: Decompression flow c:hart for Method 1 

l.l, MaiD 1tep or mat.Jaod % 

PCT/US98/04700 

Th.is mc:thod based on using less ownbc:r of colors to approximately represent 
original i.m.ages. FolloWUli figure gives the main step of the algorithm for the 
compression wtd decompression. 

Input Original Imago i-----t4Creatc Color Table by Color 
Accept the Number of Quantization or Input a 
Color Fixed color Table 

Wavelet Transform 
on the Index 

Entropy Coding tho 
Transformed Index 

Calculate the Index for ..----1 Every Pixel with Dithering 

.,___..,..Output the Coded Filo 

Figure 3: Compression flow chart for Method 2 
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.._ ____ __.,Entropy Decoding the 
Transformed Index 

i1pl1y Dcc:omprcsscd Inverse Wavelet 
.,._ ___ .... 

Imago with Noc;cssary Transfonn oa the 
Post filtering Color lndH 

Figure 4: Decompression flow chart for Method 2 

2.J. Maia •••Pl or 111ethod 3 

PCT/US98/04700 

The main steps of method 3 is almost as same as method 1. However, at the every 
step we use diffcn:nt methods. Following are its compression and det:ampn:ssion 
flow c:harts: 

Output Coded 
Ima c File 

Fiprc !: Compn:ssioa flow chart for Method 3 

Input Coded 
i-----.i 

Entropy ln\'erse Integer 
Dcc:oding i---..... Wavelet transform Image File 

i,ply Decomprcss1d lma;e 
itb Nece.uary POfl Filtmn; 

lnvenc Int1g1r ..,_ ___ ... Color Transform 

Fipn 6: Decompn:ssion flow chart for Method 3 

3. Brid'Dacription for Otbcr Features 
Most Features (or iDventi0l15) arc included in above three c:cnnprcssion methods. 

Following i1 the brief introduction for some inventions list above. 
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3,1, P,ocnai-rc dccompnaioa 
This algorithm allows users to decode images from the lowest resolution to 

highest n:solutioa. The advantage: of this featun: is that users c:an download small 
piece of the coded file and view the image at lower resolution to dc:tcmn.inc: if they 
want to download the whole: image. 

Steps: 
{~) Input the lowm pass component LL0 of the coded file and re.construct the 

lowest ~olution image / 0 
; 

(b) Display image / 0
• lfthe user doesn't like it or the resolution is big enoush for 

, stop; otherwise, go tO next step; 
(c) Input the lowest three band-pass components HL0

, LH0and HH0 

succ:cssivc:ly in the current coded file. Ri:construct the new imaac I' from 
u 0

• HL0
, LH0 and HH°. Let / 0

.,; I' , so to step (b). 

3.%. NoD 0 u11iform imqe compres1io11 
The algorithm allows users to divide th~ image into several parts with diffm:nt 

interests and compress these areas with different qualities. The areas can have any 
shape. l.rus algorithm is only available for mC'tbod 1. 

Ori;inaJ image socs though all of the procedw,: except quantization part.. which 
follows the steps below: 

(a) <;:reating the bitmap matrices n:latcd to the areas chosen by the user; 
. (b) '!\7avclet transform to every bitmap matrix; 
{c) Different quantization in differmt areas according to the transformed matrices 

obtained above step. 

3.3, Prak Sicaal Nailc Ratio (PSNR) coatraUtd compreuion 
Peak Signal Noise Ratio (PSNR) is an image quality measunm1em used by most 

pn:,~uioual pcopb:. PSNR coatn:illed c:omprcssion allows users to choose their 
desired PSNR for the compressed image. 

The ~lated algorithm is 10 iterated system: 
(a) Picldna an initial parameter setting P0 ~ 

(b) Quantize the wavelet coefficients with P0 and calculate the corresponding 
PSNR; 

(c) If the PSNR i$ close to dcsimi one, 5top and output the coded file; otherwise, 
ict an adjusted vector dP0 and set P0 ._ P0 .+ '1Po, go to step (b); 
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3.4. Attaclaed optiaul pa11-procusln1 Olten 
Users can c:hoose any number of following processing filters at their compressing 

time. The desired results can stored in the coded image file, and, aayooe who 
decompl'C$$ the coded file will see the same result immediately. 

• Shupeoina images 
• Smoothing images 
• improving the visual quality 
• Brighterung the images 

3.5. Image map editor 

Image Map Editor create a image map over LsicJ.O compressed image file. User 
selects ooe or several areas of compressed image, assigns the http links to the areas, 
then. Image Map Editor calculates the coordinates of the areas a.ad outpUts a HTML 
associate with the image. User cm1 add s1.11;h information into his/her source code. 

Following is an example of such image map: 
<EMBED SRC•"cow.cod" type= "imagc/cill-cod" WIDTH• 0 257n poly= .. 44, 

45, 103, 78, 103, 86, 54, 86, 54, 78", href= "http://www.infinop.com"><IEMBED> 

3.6, Split and mtJ"&C wavelet •l&oritbm for very blJ lmaee compn::nioa 

This algorithm allows users to compre1s very big image by an ordinary mac:hine. 
The key_ is to divide the original image into several smaller pieces and 

compr~Sl'dccomprc:ss them separately by using overlap and dis-overlap technique. 
With this technique, the compression/decompression piece by piece is equal to 

compl'C$$/dccomimss the whole image together, which means users won't see any 
edge effect Bl decompressed image which appears at general split method. 

Also, with this aliorithm, wm can either decompress the whole image or choose 
the specific pan 'to decompress according to a image ma_p we create !or the division . 

J.7, lmqt depqd111& optimi:ud panam1ter 11ttiag 

This al1orithm alloWI user to 1et the: be.n (or almost best) image: quality at the 
desired compression n'tio by choosing image related parameter setting. 

3.8. hatecer revenibla wa11el1t aJ&oritbm witb PPP property 
See attached unpublished paper utled as "An Approach to Fut Integer Reversible 

Wavelet Transformations for Image Compression" 
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3,9. l•t.ea•r color tnuformadon 

This algorithm is a integer reversible transfonn which bas been used in lossless 
color image compression (Method 3) for Lsic 3.0. 

The algorithm tramfonn ROB color components to a new set of color 
components Y·Nb-Nr: 

Forward transform ROB to Y-Nb-Nr: 
r = G + Int{¥), 
Nb• B-lnt(f), 
Nr • .R'-Int{f). 

Inverse transfonn Y-Nb-Nr to ROB: 
R • Nr + lnt(f), 
B •Nb+ Int(f), 
G = Y-lnt('i4). 

3.10. Sabband "la~ Qaaati.zadoa aad e111rop7 codlac 
This entropy coding method is just designed for wavelet basc:d image 

compression. The main idc:a is to take the advantage of different quantization at 
different subbands and encode each band ac:c:ording to its contenL This method 
reduce the: coding cost greatly. 
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CIS-1 Image Compression Algorithm 

HONOY ANO CHAO• 
Computer 1111d lnformalian Science lnc. 

PCT/US98/04700 

CIS-1, which has been being used in Llghtuiag Strike image compression software, is a 
wavelet based image compression algorithm. CIS•l has following advantages: 
o Reach almost optimal compression ratio; 
o Keep the major characteristics as more as possible. 1n other words, it reduce 

insignificant components gradually according to human visual system, so that people 
can still accept the image quality at the extremely high compression ratio; 

o Fast. 

2, Main steps or the algorithm 

Figw-c 1 and Figure 2 give the flow charts of the image compression and decompression 
respectively. Every step in both compression and decompression has lot of details, which 
will be described later. 

Input Original Image 

Display Image 

Image Transformations 

Quantiz.ation and Thresholding 

Output Coded Image File 

Figure 1: Image compression 
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Input Coded image file 

Decoding 

De-quantization 

verse Image Transfonnations 

ost Image Processing if Necessary 

Display Compressed Image 

Figure 2: Image decompression 

3. Image Compression 
For the compression, we only have to describe three parts: image transformations, 
quantization and thresholding, and entropy coding. 

3.1. Imai:e TransCormatio11.1 

PCT/US98/04700 

The image transformations involved in this algorithm include color transform (for color, 
images) and wavelet decomposition ( for both gray level images and color images). 

(a) Color transform 
In genc:ral, input color images arc based on RGB color model, such as 
TIFF or BMP images. In order to get high compression ratio, it is better to change RGB 
color model 'to other color models, such as YlQ or YlJV models. 
ROB to YIQ: 

RGBtoYUV: 

rrl ro.299 0.587 0.114 T Rl 
I/ 1-1 0.S96 -0.27S -0.321' GI. 
LQJ Lo.21·2 · -o.s23 o.311 lBJ 
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rr1 ro.299 0.587 0.114T R7 
I U I= 1-0.148 -0.289 0.439 I GI. 
lv J lo.615 -0.s1s -0.1 lsJ 

(b) Wavelet decomposition 

PCT/US98/04700 

The pwpose of wavelet transform is to represent the original image by differcDt basis to 

achieve the objective of decorrelation. There arc a lot of wavelets which can be used in 

this step. In CIS-1, we use a wavelet which results in the following algorithm: Suppose 

c0 = [c; 1.N U = 0, • .. , M-1; k = 0, .. • ,N -1) is original image, where Mand N arc 

integers ~hich have the common factor 2L (Lis a positive ~tcger). After one-level 

wavelet decomposition, we will get four parts as shown in figure 3. 

Wavelet d HDl 

cfJ --
Transform vol ·or.J 

Figure~- Wavelet image decomposition 

We call C = ~~] (j =0, .. ·,l/- -1; k = 0,· .. ,~- 1) the blurred image of C0
, HD1 the 

horizontal high frequency part of C0
, VD1 the vertical high frequency part, and DD1 the 

diagonal ones. Setting C0 = C1 
, we can repeat the same procedure L times or until the 

size of the new blurred image C' is small enough. Therefore, we only have to give the 

algorithm for one level decomposition: 

(1) Let c0 = ,c0
, r >O is a factor which can be changed for different needs. 

(2) Transform for image columns: 

o Fork• O,· .. ,N-1, calculate 

!,ii = ~~ -~:. 
••u. 2 • 
·1 1 -o· -o -o JI. (J.1.1) 

ldJI =4<Ci1-1) -~J) +c2J+I)>• J= 1, ... , z -1. 

o Fork"' O.- ·•,N-1, calculate 
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r ~. -. 
-1 -o ao• +di.• 

1cu"''i.l- 2 

~ .... -. _, -o a,• +d,.u . 
Cp =c21 • .,. - 2 

, J = 1, .. ,1 ,¥-2, 
I_, -o .... lc"fl_. = cN•U - a't'_.. 

(3.1.2) 

(3) Transform for rows: 
o For / = 0, .. •, ,¥ -1, computing 

I
hlJI = c), -c)o 

J,0 2 I . 

lhd~ = ¾ (cJ.:•-• -2cJ.:• + c},:.t.,), k = 1, .. ·f -1. 

(3.1.3) 

and 

and 

Remark: If it is necessary, we also can use matrix multiply 
. Wavalet Coefficient Image of/ levels• W /;0WJ. 
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Here, W, is the transform matrix for / level wavelet decomposition. 

~.1. Tbraholdhl& and Quaadzatloa 
Both thre$holding and Quantiz.ation allow us to reduce' accuracy with which the wavelet 
coefficients are represented when converting the wavelet decomposition to an integer 
representation. This can be very important in image compression, as it tends to make 
many coefficients zeros-especially those for high spatial frequencies. 

After L level, for example L•3, wavelet decomposition, we get the wavelet coefficients 
of the original image as plotted in Figure 4: 

2 HD3 
HD2 

VD3 DD3 

HD 1 

vo2 no2 

VD 1 
DD l 

Figure 4. L•J wavelet coefficients distribution 

(a) Thresholding 
In algorithm CIS-1, we use multilevel uniform thresholding method: Let 

T • (~ ..... ,L,IL ♦I) 
be the chosen thresholds, where t1 is the threshold for/ th (/=I,• .. ,£) level and / , .. 1 is a 
thre.shold for blurred image C". Thresholding is to set every entry in the blocks C, 
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HD', VD' and DD' (/ = 1,, .. ,£) to be zeros if its absolute value is not greater than the 
corresponding threshold. 

Remark. For color image, we can have three threshold vectors which correspond three 

different color bands, such as Y, I and Q. 

(b) Qifflarizarion 

Quantization is to scale the wavelet coefficients and truncate them:to integer values. In 
CIS-1, we use the quantization table shown in Table 1 to implement it. 

q~ q:a, ••• q~ 
q~ q:r, ••• q~ q~•I 

a' .... a~ .. • •• q~ .. 

Table 1. Quantization table 
Here, the entries q~ are quantization factors for blocks HD' (/ = l, •··,L), q~ and q:U, 

for blocks VD' and DD' (/ = 1, • · ·,L) respectively, and the factor qt is for the most 

blurred image c'-. All the factors are integers between O and 255. The quantization 
scheme for the block HD1 

(/ = l,···,L) is 
. ' _,J I 

-:-J na,.. •q,m 
~JJ =round( max~ ), j =O,··,~ -1; k = o, .. ·,f,-1. (3.2.1) 

H~, ~) (j =O,···, f,-1; k = O,· ··,f,-1) are quantized wavelet coefficients in block 

HD' (1 = 1,- .. ,£), 
max' - max I.Li, I) 

HD - 0'1f("401•1) \(' J) 1 

oa,(N/J' -•> 
and the function round (x) gives the nearest integer of x , The scheme of quantization for 
other blocks are the similar to (3.2.1). 

Remark. For color image, as the same as thresholding, we can have three separate 
quantization tables for different color bands. 

3.3. Eutropf CodlD& 

Here, the encoding means the lossless compression for the wavelet coefficients. It is 
. divided into'two parts: Coefficient arrangement and entropy coding (Huffman or 

arithmetic). 
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Dec:oding,just as encoding, can be divided into two parts: Entropy decoding (Huffman or 

arithmetic}, and coefficient rcammging. 

4.2 Dequant.11.aUoo 

After Decoding, we get quantized wavelet coefficients in 3 • L + I Blocks. Dequanti.zing 

usc.s the same quantization table as quantizing, and the scheme as follow: for I • 1, · • · ,L 
L.,, ht!,) • maxk, Jot • 
CIJil.J,t= , ,/=0,· .. , 2,-1; k=O, .. ·,f,-1. (4.2.l) 

qHD 
(4.2.1) allows us to get the approximate coefficients for the blocks HD' (/ = 1, .. ·,L), 

· which is shown in Figure 4 . The dequantiz:ing scheme for other blocks are similar to 

(4.1.2). 

4.J I.avene lma&e TnimCormatlom 

(a) Wavelet reconstruction 
We are going to describe the algorithm for one-level reconstruction which.is plotted in 

Figure 5. 

Inverse Wavelet d 
d) -

~ 

Transform vol 

Figure 5. One-level wavelet reconstruction 

(1) Inverse transform for rows: 
o For/•0,···,-¥-1,calculalc 

fa, d' ddj_o + dd]J I J,I ::: V J,O + 2 

J ... I dd,,i -dd:.hl 
,dJ.,_ ... •Vd)j + 

2 
, 

1... ... • ,, 
ldN•l.l = va1.~ + aa1~. 

l 
and 

k = l,, .. ,,!-2, 

HDl' 

DTY 

(4.3.1) 
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(4.3.2) 

(4.3.3) 

and 

(4.3.4) 

(4.3.S) 

and 

{
c:. == Ci~ -2c1o.. (4.3.6) 

c2~_. = ½ rc:,-u + c~.,._.) -2d~, J = l,· · ·, Jf- l 

(3) cJ_. ==c,•, Ir, J = 0,···,M-1; k = 0,·· •,N-1. C
0 = [cJ.•1-1 · 

(b) Inverse color transform _ 

For color image, we have to do inverse color transform 

o YIQtoRGB 
r Rl ri.ooo 0.9S6 0.621 lfYl . 
I GI= I 1.000 -0.272 -0.64711 I I. 
LaJ L1.ooo -1.106 1.103 J[.QJ 

PCT/US98/04700 
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and 

md 

(b) Inverse color transform 
For color image, we have to do inverse color transform 

o YIQtoROB 
r Rl ri.ooo 0.956 0.6211rr1 
I GI a I 1. ooo -0.212 -0.647 II 1 I. 
LBJ lt.ooo -1.106 1.103 Jl,QJ 

PCT/US98/04700 

(4.3.2) 

(4.3.3) 

(4.3.4) 

(4.3.5) 
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f R1 fl.000 0.000 1.140 Tri 
I GI= I 1.000 -0.395 -0.581 I ul 
LBJ L1.ooo 2.032 0.000 lv J 

4.4 Necaury Po1t lmase Proceuias 

(a) Color Quatimion 

PCT/US98/04700 
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Hongyang Chao•• 

Computer and Information Science Inc. 
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Abstract 

PCT/US98/04700 

In this paper, we propose a J,eneral method for creating integer wavelet transforms which can be 
used in both lossless (reversible) and lossy compression of signals and images with arbitruy size. 
This method allows us to get a scric.s of transfomw.ions which are very close to the cotTC5ponding 
biorthogonaJ wavelet tnul5fonns or some non-orthogonal wavelet transforms, but can be calculated 
with only integer addition and bii.thift operations. ln addition, the intcgor wavelet transfonns 
created in thia paper posscu a property of precision preservation (PPP). This propeny is very 
useful for e0nscrvi.a1 memory in both compression and de.compression, and !ipeed up the whole 
procedure in 10mc ~lic:ation&. The motivation of thi!~ paper comes from the lifting $Cherne (1] 
and S+P transform [JJ. 

• This work has been partially supponed by the US Novy under SBIR Contract N00039· 
94-C-0013. 

•• The au1hor is partially supported by the National Sc:iencc Foundation of P. R. Cbifla 
and the Sc:icnce Foundation of Zhongshan University. 
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1. !n&rcduct!umi 
Tba wawlet transf onn has proven to be one of the most powerful tools in the field of image 

c:ompre.s.si!JD, Theoretically, the wavelet transformation is lossless, but since all computen have 

only fan.ice precision, most of tnmsfcnna1ions are lossy in practice, even when we use Ooar.int 

p:,int calc:ulations. On the other hand, intege.r ealculations are much faster Chan f1011W13 point for 

vinually all computm; and intese, computations are much easier to implement in hardware which 

is more important in $Olne applications. The memory utilization of integen5 ii mo a positive 

consiiditi1ioa. Th.e difficul'1 is, if we directly use intege.rs in the wavelet transf onn and its invene 

without so~ propu con&iderations, ii will cauEe the loss of accuracy. For some imponant image 

applicaticns, the usu wants to have complete control of the precision in which the image piAehl are 

represented during the compression process, and thu.s prefers to have the image compressed fTom 

lossless to lossy. 
LoGsles.s compreuioo is also very important for images found. in such applications as 

medical and spm::e science. In such situations, the designer of the c:omprei.sion algorithm mu&t be 

very careful to_ avoid di~g any infonnmion that may be required or even useful at some later 

point. From the academic point of view, it is also very interesting to have a compfeAion Kheme 

which ha.11 very fa.st pm'ormanc:e, and which Cilll exactly teconsuuct the image when necessary. 1n 

addition, it is also very useful to have some wavelet rransforms which exhibit the prop:eny or 
precision preservation (PPP), which can be utililed in the computer which ha.s limited precision 

and limited memory without losin: any precision during the computation. 
In this papff, we are going to describe two general method~ from which one can get the 

integer wavelet uansfonn desired. All of the wavelet tr.insfonns from the methods given in this 

pap:er possess the prop:eny of precision preservation (PPP). We draw on the work or several other 

authors wbo have alrelldy contributed to this orea [2•3]. where some specific examples were 

developad. Howewr, this papsr presenm u. more general method which allows one to 1:ee several 

new resultll ~ .well as those presented and acknowledged prior to thi.s wom. 
This ~ is organi:r.ed m follows: Section 2 and 3 give some examples or inteaer wavelet 

transfmms. T'tG wwmp.la in •lion 2 are Che :starting point for our approuch, and the examples in 

Section 3 show the lteps and motivation of our general method. Sec:tion 4 indicate& how one can 

us;e the lifting technique to create an integer biorthogonal wavelet transform. The Correction 

technique to generate more general inieger wavelet cransforms is described in Sec:tion S. Section 6 

delcribea how to proca15 boundaries in order to npply lhe integer calc:ulation in finite sized images 

or signals. In Section 7, we prove the inteser wavelet transf0I111S developed by both the lifting and 

comctiou method p0UB,l!S tbe propaty of precision preservation (PPP). Some example i.mqes 

are also shown in this section. The last section, Section 8, provides the conclusi011 to lhis pap:er. 
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2. Basic· lntecer wavelet trans( ormations 
We provide the following two e~amplc.s as the starting point for our new method. For the 

i.ake of convenience, length. aad 11,implicity, we only distu55 the algorithm for a one level 

decomposition and recomllUclion and only for a ow: dimensional ~ignal. The e~tcnsion to two 

dimensiom is immediate u the rows and colunuu1 can be treated into a sequence of one 

dimensional signals. For the following eumplc.s, wume that {c! J:; is the original signal where 

the supel'IClipt indic:a:cs level and the sub.script indicates a pa.nic:ular point in d:le signal. Also, 

{c!. t;' and {d! }:;' are its dccompo&ition p:uts at the first level. Here 

{ 
{
f. jfN'isanevennumber, 

N= 1 ¥. , if N is an odd number; 

M, =N-N1• 

{c! r: and {d~ }:;1 
are its low fn:quency ({) pan and high frequency (h) pmt, respectively. For 

multi-levels, we ju1tt treat {c! r:• as {c!}:·; and repeat the proeedure again. 

Enmols t: A (2,2)-wavelet transform by integer calculation. 

This transformation is similar to a variation of the Haar wavelet transfonn wbicb uses low 

and h.iah pass analysis (decomposition } filters given as: 

(1) Compute 

(2)Computc 

n 0 1 

~ 1/2 1/2 

i. 112 -112 

d ' - ,.o ,.o 
t - "U - ":Z,1114' 

1 -{Int( d~
2
•·1 

)+ ,i.... if N is an even number, 
c~-•-

c~_.. if N is an odd number. 

(2.1) 

(2.2) 

Here, Jnt(.r) is an arbitrary rounding function which may have diffc:.rent interpretations. 

Por nample, lnt(.r) CD.II be the integer which is nc~t 10 x , or Int(.i;) may be any integer 

which satisfies z -1 < Int(Z) $ .: , etc. lt ill cuy to .sec that all entries in both {c-~ r~ and 

{d! r;· mi: integera. 
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From (2.1)-(2.2), we can cuily get the following integer n:eonsuuction aJ1orithm: 

(b) Re.construc.tioo 
( 1) If N b ID even number, compute 

d• 4.1 =c1-Int(T), kz0.···,N,-1; 
or, if N is an odd cumber, we have 

o 1 d! cu., ;: c, -lnl( T), k = O,· ... N, -2, 

c:., ~ ~,. 
(2) Compute 

(2.3) 

(2.4) 

(2 • .5) 

Baw;i Since (2. t )-(2.6) are not linear because of the rounding operation lnt(x), this 
means the transfonnaiion order become$ 5.ignifi~t For instance, JI lhc decomposition 
was applied fim to the coJumns and then to the rows. the inverse transfomwion mlllt be 
applied first to the rows and then to the columns. 

EarnRlc ;: Lai.y wavelet transform. 
The Luy wa\'det tnmsform does not do anything: However, this illuslr.ltel an important 
coneept. The corraponding inverse transform is nothing else but sub-sampling the even 
and odd indcx,ed s.umples.. Dec:omposition and RCOostructioo c.;m u.se same f~rmula a., 
follows: 

G =ct,, k = 0.- .. ,N, -t; 
d! • c: .... k = o, ... , MI - L 

&amp lei 1 and 2 are not good trans£ orms for image compreujon, but they are simple. 
Muc:b beUer transfonns can be a.cbie\'ed from these two. As suuested above, we consider them only as a aan.in& poim for our int.egc:r, nm:nible, wavelet transfonn algorithm. 

We mllll mention ltw th8.re i5 another int.ere.sting property in the: above two transforms 
wbich may not~ usily &een. If the valuea of the signal pixels are rvpraaued by a finite number of bitJ, :say one bit or one byte, we can still use the same number of bits to represent the resull of lbc forward iransfonn within the computer itself beclUIO of the comptcmenwy cock ptopc:ft)', 
Wbilo, from the recansuv.cuon aJgorithm. I.he computer will get back the exact ori&in,al li&naJ througn die AD\IS complementary c:odc propc:ny. We call lb.is propcny i:, Prapi,~ of Pr~cinan 
Prescrvatit:,n (PPP) for mae wavcleu. 
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It is known that cbc general values of the rugh frequency wavelet coefficients aro small, and 
all higher levels in the dceomposition also provide generally small values in the high frequency 
band. Thi.s allows the praervation of precision du.ring the c:omputational 5tagc of the wavelet 
coefficienu. Now, the c:omplemcntlll')' code property, the other aspect of the PPP property is a 
well known ch~risdc of integer arithmetic as done by the computer. Consider lhe computation 
of~ diff cmice of (WO intcgm given as c ;; b-a and I.he inverse c:omputation of a • b • c. The 

naturc of the computation within the c:omputer can be specified as follows: 

{

b-a I/ -2v•I Sb-a< 29-• - t 

"'" = -29 + b - a if b- a c: 2q•I 

. 29 + b- a if b - a < -211-1 

and the inverse is 
if - 29•I Sb - Cm < 29-I -1 

if b-c"' ~29-I 

if b-c,,. <-24- 1 

where lhe m subscript indicate., the internal repruentation, and the range of the integcn a, b, c is 
f 2 '"1

, 2•·1 -1]. The internal rcprc5enwion of c,,, when it is outSide the range, itJ appearance i& as 

a two's complement number, so. the rcpn:.c;entation may not be the same as the external 
reprc:scnwion of c. However, the ume complementary code for the a111 will cause the internal 
n:pre.scntation to be identical to the c.:ir.tcmal r,:presental.ion of a. For e'l.ample, if we let b=2 
(OOCXX)()l0) and a=-127 (l~l) then c111 has the internal binary value of (10000001) when 
q-4. With a value of •127 for en., the inverse value for a111 will jui;t be a. 

In fact. for Example 2, this propeny is obviously uue. While for Example 1, if the range 
of the pixel values Is within a finite number of bits, say q, we c:an only use q bits lli the working 
unit, which means the value of cransfonn coefficients will also be within the foterVal with length 

29 , say f 2 '"1
• 2'"1 

- l]. Due to the nBlllre of computation on a muchine, most machines will 

implement (2.1)-{2.2) automatically as follows (the c:omplcmcntilJ"Y code property}: 

{
4-,;. ... 

d! = 4 -ct. .. -2', 
; ~+(c:,-,t.,) 

(2.6) 
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(2.7) 

While rhe recooSU"Uetioo algorithm (2.3) and (2.5) will be implemented by the computer itself as 
. . di 

if - 2~◄ :s. c~ - lntC f > < 2', 

d' 
jf c! -1n,cT> < -2'"4. (2.8) 

d' 
if cl -lnt(T) > z'"4. 

jf - 2""1 S d! + ct., < 2"'1• 
'f d 1 0 "f"'I J t +cu.,< -.r. ' (2.9) 

if d1 + ,~ .. ~ 2t-1
• 

lt is obvious that (2.8)-(2.9) are just the rev1n1-C of (2.6)-(2.7). It is also easy to see that if we 
properly take advantage of the bound in the coefficient 5jz.e mentioned above, the algorithm can be 
implement=! using a minimal amount of' storage. 

3, More Exan,ples and AddJUonal Analysis 
In this Kdioa we a.re going to Jive more examples which will give some motivation for our new 
approach. 

E11rnalc l! A (2,6)-wnvclct transform by integer calculation (2). 

Tb.is transf ormad . . ·1 on ts snru ar to winr o lowing an Iys1s I tcrs fi I al . fi1 
n ·2 .1 0 1 2 3 

Ii. 0 0 tfl Ill 0 0 
;. -1/16 ,1/16 112 -lfl 1/16 1/16 

(a) , Decomposition 
Decomposition naru with Example 1 iu atep (1) and (2), and then upgrade.I the hish 
frequency component 11 step (3): 

Cbae>-Pi1b1:r 6 

IPR2023-00332 Page 00242



WO98/4084l PCT/0S98/04700 

77 

(1)CompUIO 

(2)Compute 

d'·' c~ = Int(T)+c~... k •O,· .. ,N1 '.'"'2, 

{ 

di.A 
1 _ Int( •

2
,·• )+c!-1, if Nis an even number, c,.,, ... -

c!-1, if N is on odd number. 
(3) Compute 

and then, if N is even, Q.fculatc 

else, calcula!e 

(b) Rcc:onst.Netion 
The: reconsuucuon algorithm is idcntic.ul to the decomposition algorithm. except it is now 
runnmg "backwards". 
(I) Compute 

{

d~' = Int(<; ; c: )- dJ 
I I 

d~' = lnt(c.,., ;chi )-d!, k = 1_., .. , M, -2, 

IDd thou. if N is e~ calculate 

else.. calcolm 
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or, if N is an odd nurnber, we have 
dLD c:.,., ;;ic!-Int(1"9), le= o, .. ,N1 -2, 

ct,= c:1~. 
(3) Cornputo 

We see in step (2)-(3) above, that they aR just the same as shown for the reconstruction of the (2,2)-wavelct transform (Example l ). 

Evmelc f: A (1,l)•wavclel transfonn by integer calculation. 
The following nonlinear U'IASform ia a variation of the .transfonn which usca bionhogonal anal)'Jia filtas: 

n ., 0 I 
~ 1 0 0 
i. 1/4 -Jl'l 1/4 

(a) Decomposition 
This decompcsiuon swu with the Lazy wavelcr 11 step ( l) nnd upgrade., the high 
~ i;ompaucnt ar. .step (2): · 

cl= ct, k= o, ... ,N. -1; (1) Set 
, d! =c:~1..,., k =Q, ... , M1 - l. 

(2) l! N i.s an even number, calculate 

{

d! = Int( c! +
2
c!"' }- d!·0 , k = 0, .. ·, M 1 - 2, 

d' -c' ..11.0 ,W.•I - N1-C - a.,, ... 
Otberwilc. if N ii an odd number, c:ak:ulate 

0 0 
d1 • Im( fu +

2
c1M )- ct.,, k :: O,· · ·, M, -1. 

(b) Recomtruction 
(1) Se( 

(2) UN ii an CV&:D nurnbcr, calculale 

{ 

0 0 
o 5,+cw ' c.,.., = Int( l 1 )-d •• k;: O,· .. , M, - 2. 

,.o - co d' ,..,._, - N•I - M1-t• 
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Otherwise. if N is an odd number, calculate 
,o + co 

c: •• ,=Int( u 
2 

U•
2)-d!, k=O ... ·,M1-l. 

Eurnelc $: A (S,3)-wavelct transform by integer calcuJati0n. 

PCT/US98/04700 

This transformation is also similar in function to using the biorthogonaJ analysis filters. le 
is given by 

n -2 -1 0 1 2 

·h. .,,. l/4 3/4 1/4 -1/8 
i. 1/4 •lfZ 1/4 0 0 

(a) Decomposition 
This decomposition starts with Example 3 at step (l) and upgrade low frequency 
components at step (2): 
(1) Set c;·0 =ci. k=o, ... ,N1 -1; 

If N is an even number, calculate 

k =O, .. ·,M1 -2. 

Otherwise, if N is an odd number, calculate 
co +co 

d 1 = Im( 2t Y•Z )- c0 k = O,· .. , M1 -1. a 2 lt•I• 

(2) If N is an even number, compute 
-' . i.o d~ 
'"o=Co -lnt(T), 

-' ,.o t d!., +d: N ~.=c, - nt( 
4 

), k=l, .. ·, 1-2. 

d1 +d1 
I _ 1.0 Int( N,•t "•"" ) c,,,__, - CN,•1 - 4 • 

OtberwiR, if N i11 an odd number. calculate 
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()) Compute 

Then. if N is even. calculate 

else calculate 

(2) Compute 

Then, if N is even, calculate 
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,.o - co d' 
"N- I - 1'-1 - /111•1 • 

The PPP property for Eumple 1-2 mentioned at the end of the previous sc:c:tion is also 

applicable for these three examples. It is obvious these three uansfonnations are nor rully linear, 

but they are similar to tho one using the c01"reSp0nding tiltm given above. Especially. the filters in 

Example 3 and Eumple 5 belong lO, wilh minor modification, tbe group of the best biorthogonal 

filters for image coraprcssion ac.cord.ing to both our experience and the c:cmc:lusion of (4). 

Also, from the above chn::e e:r.amplea, we can note that if we begin with intcaer Oinear or 

nonlinear) wavelet transformations and then ~ some proper upgrading fonnulns, we can get 
other, much beaer integer, wavelet transformations for imnge compression. Now, the by 
problem is: Wha1 kind of deductive fonnulas should be used? We provide an answer to this 
question in the following two section,, !$cction 4 and Section 5. 

4. Liftinc Scbea1• and Integer Blortbogonal Fllterin1 
The Lifting sc:httM, discovered by Sweldcns ( l], is a new approach forconllitructing 

biorthogonaJ wavclcLli with campnct ruppon. However, the most inten:sting part of this method 
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for us is: it can be used. with minor modification, to create integer bionhogonal wavelet 

a-ansformations. The following is an adaptation of the technique of [1 ]. 

PCT/US98/04700 

Defipjtiop 1. The .set of filtcn (h, h. g, ; } is a set of biorthogonal filters if the following fonnula 

is salisfled: 

where 

illld 

and similarly for 

"lo, E R: m(ai~;:: l . 

Q1 = [h(o,) h("1+ ,r)] 
m( ) g(a>) &(OJ+ 11') • 

h(t£>)= :;Eh., ... and ,<w)= l: ,.,·"', 
A l 

m(,o,), h(Q1) and i("1). 

The following lemma is the main result of the lifting scheme ( l) R\pDned a.s corollary 6 in 

that paper. 
ymma I Take an initial set. of finite biorlhogonal filters {h. h0 , g0

, i}, t.ben a new set of 

finite bionhogonal futers (h, h, i, ii can be found as 

h(o,) I!: h0 (CA>)+ i(cu).s(Uz>) 

J(W) '- g0 (t£>) - h(OJ).1{2.co). 

Similarly, if we take {h0
, h, g, i 0

) as an initial set of biorthogonal filters, a new set of finite 

biorthog·onal filters (h, h, g, ;} can be found as 

h(o,) = h0(o,)+ g(cu)i(2o,) 

i(o,);; iu(o,)-h (ei,)i(2CD>. 

(4.la) 

(4.lb) 

Here, s(o,) is a trigonometric polynomial and the com:spond.ing filters is finite, and so is 1("1). 

Actually, regarding the flltcrs, (4.1) is equivalent to 

or 

- -o ~ 
h, • ha + LI Bh11s, 

I 

8, = ,: - L hi.us,. 
I 

h. = h: + LB,.1,s, 
I 

;. = ;:- I~-21;,. 
I 

(4.2a) 

(4.2b) 

Nut, we use the lifting scheme with minor modification to create an integer, nonlinear. 

quui-biorthogcmal, wavelet algorithm. Suppose {c:} i, a original signal, {c~} and {d! }arc 
as;un its low and high frequency decomposition parts, obtained by using the filters (h, h. g. i). 

Chlo-Fisher 11 

IPR2023-00332 Page 00247



WO98/40841 PCT/US98/04700 

82 

If we use filters. (h. il for decomposition (analysis), the corresponding decomposition algorithm 

{ 

I ~ o-
Ct = a, f-c.h •• i•, 

i& 
d! =a,l:c!i .. it• 

• 
While the reconsuuc:tion algorithm will be 

c! = z:r,(c!h •. µ + d~ '••JI), 
& a, a, 

related to the synthesis filter (h: B}. Hen:, parameters a, ·and er, un: pm;itive constants with 

ar • a, = 2. For example, in the situation of n:gulill' biorthogonal decomposition and 

reconstn1ction, a, = a, = ..fi; and for Example 1 through Example 5 above, a, = 1 and a, = 2 . 

Iftbescioffilters (h, ii, g, i} is from {h, h°.8°, ii by(4.2b).thenthedecomposition 

can be accomplished ii.$ follows: 

1. Calculate (4.3) 

2 Calculate c' -ci.0 +!!i:.. ~d' • • • - l a ,t. ._, .. ,. 
,t I 

(4.4) 

The relative reconsuuction scheme will be: 

1. Calculate (4 . .S) 

2. Calculate 

(4.6} 

Here, equations (4.3) and (4.6) are just the wavelet ( inverse } transforms using biorthogonal 

filters {h, h0 , r0, i). While: (4.4) and (4.5) are forward and back.ward upgrading formulas. 

Similarly, if the set of rlltcr& (h, h, g, i} i11 from lhc initial set of fllten {h0 • h. g, i 0} 

by using (4.2b), the n:lative decomposition is: 

1. Calculate 

Ch~o-Fisher 12 

IPR2023-00332 Page 00248



WO98/40842 PCT/US98/04700 

83 

2. Calculate 

The reconstruction scheme is: 

1. Calculate 

2. Calculate c! = 2I:(c!h:.u + d: c •. 21 ) 
, a, a, 

For the s.ake of clarity, we haven't considered the boundary situation, but we will address this 
later. 

coronary 4.). Suppose biorthogonal filten. (h, h, ,, i) are from initial flltcn {h, h0
, 1/, i) by 

tb lifting scheme (4. la) or (4.2.a). If the decomposition and rc:construc:tioa by fllters 
(h, h0

• g0, i} can be accomplished ·only by integer calculation, such as Eumplc 2. we a.lJo can 
crc:atc a c:om:sponding integer wavelet decomposition and rc:consuuction scheme which is very 
"close" to the original one by using filters {h, h, g, i}. Herc the word "close" means that the 
difference of the two decomposition schemes is just some rounding error, and this rounding.erior 
will be comctcd bY,.thc integer reconsuuction scheme. 

In fact, if {c~0
} and {d~ }an: integer after (4.3), we can calculate {c!} by 

c! =c:·0 +In{~ I,d:_,s,). (4.7) a,1 I 

instead of (4.4). Hen: lnt(.i), as described in Section 2. is an illbitra.ry rounding up fuoClion 
which satisfi~ x - l S Int(z) S z + J. It is obvious that (4.7) is very "close" to (4.4), and the c~ac;t 
reconstruction scheme can ea.sily be obtained from 

c!· 0 =c1 -In{~~ d1 s) (4.8) • t a .(.,, l•I I 
. ' , 

and (4.6). Thue will be a similar result.., if the set of bionhogonal fiheu (h, h, g, i} is obtained 
from inc initiahct offihers (h0

, h, g, i 0
) by using (4.2b). 

We can now note, except for the example shown in the Laty wavelet, (Eumpte 2) m0~1 
standard bionbogonaJ wavelet transforms cannot be perfonned directly by integer, even for one of 
the simple.st wavelets. the Haar wavrlr,. However, if we properly chooi;e the parameters a, and · a,. and slightly ch11n1e the lransfonn algorithms, such as Example 1 and Example 3, we c:an have 
a variation of the original bionbogonal wavelet transfonns with respect to the set of filter5 
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{h, h0 , 'g°. i} (or (h0
, h, g, i 0

}). Onthc:othcrhand,thcparam.cters {.,,}should be also 

chosen carefully to guarantee that only addition and shift operations arc nccdcd by the algorithm. 
AnOlher observatio~: if the set of filters (h, h, ,c, i} is obt.iined from a set of filters 

{h0 , h, g, i 0} by the lifting 5Chemc, and the set {h0 , h, R, g0) is also obtained from a filter set 

(J,0 , h0, 8°, ; 0 ), we can Tepeatedly use CDrollary 1 to get a "clo~" integer wavelet 

transformation. 

S. The Correctloa Method for Creating lnte1er Wavelet Trauforms 
In this section, we will dcscri~ another approach for obtaining integer wavelet" by using 

the so called Co"ectian method. The motivation of thii. method is from the S+P tra.nsfonn, and 
we will now generalize this approach. Actually, the lifting scheme: for &enerating biorthogonal 
wavelets can be con:sidcn:d u a special i::ase of the co~on method. Prom thii; method we can 
get some evc.n complicated filters with fast dc.com~ition and reconstruction algoriLhm. 

Suppose that we already ruive a simple integer wavdet transform, such as Example:$ 1 
through 3, the dc:composilion and ~onstruction scheme of which can be: fonnulat.ed a.\ follows: 

Decomposition 

Reamsuuaion 

c:·0 
; dft {t: }) 

d!R ; df, (~: }) 

c: = rf({d.·o}.{d,Lo}). 
Here, (5.1) and (S.l) can be the same as (4.3) and (4.6) or other algorilhms. 

(S.l) 

(5.2) 

In general, after the above decomposition, one may not be satisfied with the result. There 

may still be 10me correlation among the highpas5 components becaui;e of the aliasin& from the 
lowpa.ss components, or the Jowpw components do not carry enough of the CApecled inf ormauon 
from the original :signal. Hence, we co11ld make an improvement by.putting some co~on pan 

on the bighpass componcnu or lowpilSli components. There arc many wayi. to ac.complish this. 
However, for the Hk.c of the integer ~culation, we prefer to use following correction method. 

For ex.ample, if we want to ma.lee a com=c:tion for the highpa."s part. the i::orresponding formula 
would be: 

c1: = d!· 0 
- Int(dcD k = .. ·, 0, 1, z. .. ·. (5.3) 

Here, de~ is a conection quantity for d! 

de~= f .,.,c:~'! + ± -r1d~,. le•· .. , 0, 1 , 2,... (!i.4) 
•-\ .,., 

. Ch110-fi1hcr l 4 
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and, {a,!~ and ~; l., an: siven parameters which have been choscn for the u.w's purpose. 

suc:b as n:duciDg the n:dundancy among-b.ighpa.u components or i.ome other 1pccial nquircmmL 

We are not goina to discuss how to choose u,cse puam=n, but one can mer tow: n:fcnmca (3, 

,, 6J for cJarif JCaUOD of &hi• proec,1. Thi only dwJi we nDld to mention i1. ror Lb, Ab of chi 

integer calculation. any entries in both {aJ~. and {, l. should be rational numbm with . 

denominators being powers of 2. 

Fram (5. J ), ($.3) and (5.4), it is easy to see the penect '"°nsuuction algorithm can be 

d!.o = d: + Tnt(dc,} k 1.1 ... , m, m- 1, m- 2· •·, _ (5.!!) 

combined with (5.2). 

~ mentioned above, the µf\ing scheme is a special condition of the Correction method. 

Eumph:s 3 through 5 can also be considered as the examples of this method. We near give an 

example of lhc Ccmction method which cannot be included in the group of Lifting scheme, 111d 

also which does not mult in a closed form of compact support. for bionhogonal filters. 

l11m11l1 6 S+P transform r 31 , which is similar to usin2 followin1 analysis fi.ltc:1"5 

n -2 -1 0 J 2 3 

~- 0 0 1/2 1/2 0 d 
i. -1/16 ·J/16 15/32 .17132 7132 -1/32 

While, the synlhcsis filtcn do not hove compact suppon. However, the S+P transfonn can 

be implemented as follows: 

{a) Decomposition 

( 1) Take lhc dceomposition step of Example 1, chat is, compute 

"
,.o - ,o c:!. 
A - Jt-"o&•I• 

and 

1 -{lnt( d~l~-•) + c!-4, if N is an even number, 
CN,•I -

,:.... if N is an odd number. 

{2) Correction Step: Define s0 • -1. s, = 1. 7' • I and 

and now compute 

C'l-4 • -~. C'lo • -+, "'i = ~: 
i-,. j-. 

Chao-fisher IS 
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In fact, the quanticy b• would have the same value in both (4.7) and (4.8) if we calculate it 
in the same way. On the other hand. if the working unit for b• is q bits, the madune wil1 Jive b1 

another value. say b1 ( - 2'"' S b, < 2~ ), whens h. is not equal to b, in the some of 
l'Dllhcmatica if the value of ht is beyond the incaval (-2""1

, 2 .. 1 
- 1). However, b• will be the 

same in bolh (4.7) and (4.8). Thercfon:, the machine will automatically implement (7.1) and (7.2) 
u 

and 

i.f -zq•• S c~·0 + b1 < ir•, 
if c}0 + h1 ~ 2 .. 1, 

if c~'° + b1 < -2•·1
• 

if ,zv•I s c~ -b. < r•. 
if ,i -&. < -2• .. . 

if c~ - b'. ~ 2• .. . 

(7.lm) 

(7.2m) 

ll is euy to sec that (7 .2m) is just the backward operation of (7. Im), which provides the evidence 
that lhe c:onc;hwon of thii. lemma i1 ctirm;t. 

ltahould be mentioned that the coefficienis {c!} obtained by (4.3) and (7.lm) might not be 

the "real" wavelet coeffici=ts using c;ommon sense. However, if we still use tho working unit 
with q bits pn:ci1ion at the m:on1truc:ti0n step, (7.2m) and (4.6) will give the ex.ac& original signal 
back. On lhe other hand the coefficients {c! } still keep the most continuity of the "real" wavelet 

coefficients. Thcn:fons. when we repeat the decomposition 11tep on {c! }, most small c.ocfficients 
in its high frequcnc:y pan {dn will be almost the s:ime a., the "re.ii" coefficients {wiwn some 

rounding cnor), which allows us to still take advantage of the "real" wavelet transform in image 
compression. 

A similar argument can show the same PPP property will hold for th1 integer wavelet 
transfonm gencratc:d by the Correction method in Scc:tion .5. 

Al we mc:ationed bd'om. for ~y ;:rpplication.s, the Jossle.ss image compreiaion i.s as 
important as lossy comprasion. The integer wavelet transforms give the opportUn.ity to compn:ss 
without loss. It ii also obvi~us that the inte&er wavelet ill&orithms can be used wh111rever ordinary 
wavelet.I are used, c.tpec:ially iD signal and ima1e comprcuicn. HoweV111r, for most computerS. the 
intcg• wavel111t nnsfonn is much t'asacr than the ordinary one and it uses much less memory. 
The following are some applic:ations illumating these types of mmsfonns. 
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(b) Reconsuuetion 
(1) Compuas 

c1 -c1 

dLO : d' + J l( 11,-l "•"" )· 
Ni•I Al1"" n 4 • 

.,_, 1 ·' 2d1.o 
d i.o -d' ... lnt(""''-1 +c, -,I., - ,., ) r. -M 2 J· 

t - * T 8 •"'- ,._ ·•• t 

,1 -c• 
d~

0 = ~ +Int(T), 

(2) If N is an even number, compute 
• I 

0 I In d, c.u.1 =c1 - t(2 ). k • o, ... ,N, -I 

or, if N is an odd number, we have 

O I d: cu., ;:c1 -Int(2 ), k=O, .. •,N1 -2. 

Co - ,., 
N,l -"1'111 ' 

(3) Compute 

6. Boundary CoocliUoas 
In the prcviouli two sectiom, we did not show how to get 1he integer, wavelet tnu11form at 

the boundaries of siJDD.11. However, for all of the examples given above, the boundarie.-c have 
be.en conaideted. There are two is.sues dealing with boundary filtering if we use the Lifting schDM 
or the Co~ctton tMthod to gencnw: the integer wavelet transformations. The fnst i• bow to 
pr°"'5 lhe bound.aria w~h oc:air in the lwt-up wavelet tr.1nSfonn111ions. The: ICC:011d ii how to 
deal with the boundaries in the deductive fonnula. If the boundaries in the stare-up wavelet 
transform have aln:ady been established, then those in the upgrading formula are easy to establish. 
In fact, for the Lifting sc:heme, the boundaries in both 5tcps :iihould be proc:c:ssed in the same way. 
While. for the Correction method, it is easy to see from (.5.3)-(5.4) that one has more choices to 
proc;c:ss boundaries !" tho second step. Then:fon:. the only thing we ncad to dlscuss be~ is me 
pracass by which the boundarica in the 1wt up wavelet transformations are established. Assume 
we begin with ~mpact supported biorthogonal wavelets. 

Chao-Fisher 16 
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Suppose the original signal is {c! }:
0

• For creating integer biortbogoaal wavelet 

tranaformations we can use the following symmetric extension (7): 

( l ), U eummt bionhogonal filters bave even len&th, we. extend 

th, boundaries of the signlll a.s c!; = c:~ .... k • 1 ,2; .. ; 

(2). If the filters bave odd length, we do th• extension as ,!. = c:, t • 1,2, · · 

EAample 1 thro11gh 5 use the boundariea give above. In Example 6. the SW'l up wavelet 

transf onn uses the above bouodari~. but in the upgrading step; another boundary filtering is used. 

In addition, for arbitrarily siz.cd images or signals. one can use the same tcc:hniquc wbich we 

described in the above eumples to deal with this condition. 

1. Some- Applicatloua 
Before talk.ing about any applications of the intepr wavelet tnmsform given above, we first 

prove that a nic:e property of prec:isiun prrien,ation (PPP), which i~ similar to tbc one mentioned in 

Section 2, bohb for both the Lifting and Correction upgradmg technique. This property is very 

important for many applications. 

I c;m:mn 7 l Suppose that ont int.egcr wavelet tramf om, l'tm1s with I pair of bi orthogonal Olten 

wilh the PPP property disc.usaed in ~tioa 2, thll is, (4.3) and (4.6) possess thi1 propeny. Tben, 

the same propeny will be prela'V111d in the whole algorithm if we adopt the Lifting ~heme to be 

the upsrading formul.a. 

Ia other wc>rds, Leuuna 7.1 5~ if we only ui;e the worlcing unitS with the ~e precision !1,5 the 

original signaJ or image to calc:ulate the wavelet transform developed in Scc:tion 4, the equations 

(4.8) and (4.6) an: still the backward opcrationi of the equation~ (4.3) and (4.7). 

Proof. Assume that we only use q bits to rep-re.sent images or signals, say, the raagc of the pixel 

values is within (-2.-1• z.-1-1) . Aa:ording to the hypothesis of the lemma, the equauons (4.3) 

and its inverse. (4.6) have the PPP property. Therefore, what we have to verify here is mat the 

equation (4.7) and its inverse (4.S) c:ari preserve the same property. We rewrite (4.7) and (4.8) u 

follow: 
{7.1) 

and its inverse 
Cl,0 111 ,.I b 

• •t - & ' 
(7.2) 

Hen:, 
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AppUcatioo 1. Loss.less image compression 
As mentioned at the beainning of this paper, the integer wavelet transformation 

esiablishcd by the teclmiqucs desc:ribed in this paper can always be uaed for lossless image 
comprc:ssion because of the rcver1iblc ability. EspeciaJly, we can use the PPP property 
di$CU$.Sed in Lemma 7.1. We have used this wavelet lossless tcchnoloCY {WL n for gray 
scale lossless ima;e compression. and ~ have tried several images. for most namraJ 
i.mqcs, the size of wavelet losslea compressed images is much smaller than conaponding 
GIF images. Figure 1 through 4 give some examples. Figure 1 is a standard image for 
comprcssioa, Figure 2 aad 4 arc X~ray ima11ics and Figure 3 is a two-value image but we treat 

it as a 8 bit gray scale image in order to compare with the OIF fonnaL In fact, if we convcn 
Figure 2 u, a binary imase, bener result can be obtained by the JBIG w:hniq\lC. 

(512&.512) 
Flssan l. Com~ion R.ulo 

wt.T: 1.9:l/Ol.F: I.OH 

(SIWl:Z) 
Fi1ur, J, Cofflplalioia R.aio: 

WLT '-S:l/OIF: 2.'72:1 

"Visioneer may have come up with on 
against the paper blizzard ... gets pilei 
way to others throughout yot.Jr compar 

Fipre 3. Compmsion Ratio: WLT: 20.1/ OlF 17.8 (152x794) 
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Flpre 4. Compression Ratio: WLT 3.8:J/OIP 1.98:1 (123l1IO'ZA) 

· Application 2. Large scale medical image compression 

Usually, 12 bits are used to rq,re:sent one pixel in medical images. In this situation, the 

values of the pixels vary from O to 4095. Such images n:.quiie careful treatment when a 

transform coding method is used for compmsion. If we use ordinary biorthogonal wavelets, 
the rana;e of the transfonn coefficients will expand to (-216• 216) when five levels of tran1form 

are used. 'lbereforc, a longer working unit has to be employed, which consumes significant 

computer res~. However, the integer wavelet leehnique developed in this paper will solve 

this problc.m. For example, if we use the transforms given in &ample 3, S and 6, the value:$ 

of transformc:oefficieD18 will be limited to the range of (-2", 2"]. Even if we do not use the 

PPP propen:y for thi=1e wavelets, 16 bilJ for the working unit is sufficient for all computations. 

8. Conclualon 
1b1s paper has shown the prcx:.asa m:cusary in ormr to obtain a non-linear, intc;er, 

biorthogonal, or non-bi~ogonol reversible wavelet transfonn suitnble for signal or image 

proceuing. We have shown how 1Uch a tramform can be obtained either uaiq the Liftinc 

method, or the Com:cdoo method. For example, all lJJtcrpolation wavelets can be modified to be 

com:.spondin1 integer wavelets without loosing any propctties of original wavele&A. In addition, 

Chao-Fisher 20 
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we have sbowu uncle:r certain c;onditious, the j,rec:ision of the transform c;ompuiation on the 
computer can remain at the same precision of the data. thus reducing the need for additional 
compuicr memory during the transform computation. Thi=R iR extr.emcl)' powerful techniques 
when the target data are large imaacs. or the requirements establish a need for speed. 

Although this paper establishes the structure for the inteaer 1nm1form based upon the 
biorthogonal wavelet or same non.biorthoaonal wavelet, ~ do not imply the examples in this 
paper are necessarily the best wavelets for any particular application. However, we do claim if 
oru: is going u, U3C such a technique, the ideas suggested in this paper will provide the best 
implc:mc:Dtation. 
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SfflCXldrin;. uu:t briglua 

Tnmp■mn:ilL Tho user will have t11e ability to ,a. 
piuls uamp:ircm 11D tl:w • c:olur in ihe badti;,wnd 
(1ltt1dy rm &he pap) ~ bl acm thrall;!,. lbe picwre. 
Tbit is ullCft&l ft¥ creative wdl sill developers, 

Pr1111nui¥1 Ccmqanuio11. A.a imilp c:.m be c:Gffll'l'esled 
SO tlw wbm it iJ vicYtat ii will li,pclf quickly, first wi1h 

law resolution. ud thCD propasively buildiai: IIP Ill 
detail u it as d0'wa.101ded. lb.is iml,tra I.be vtewer does 

Ml tame IZltcn:11 wbi.JI the inm.p is~ 
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b.i;b quality imap: and video CCIIDPl'llllOft 1oh1licm fnr I 
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w1naows iinagr: 
Compressor V3. O 

L-.JPEQ 11S:I Compwlian 

lll'IDIIIIUUIUllllllllll&lllllllllftllila 
• .lmlpt rm l.bo Web 
• PbalaS&a:k. 
• D111 WltCballliag 
• c:.c.Jaquc:s. 
• VidCD <iUMS 
• CDs (Em;y,:lopalias. M111111m1. Sc:i1111:&. ill'ld Mi!d~"lftC) 

• Arcmves (An. HistorY, Gt:nailoa:Y) 

• Mlldu::ll lm:l&;in; 

PHIHffllHI 
E=oclc 1ime typn::ally 11:1111 lhan 3 •ca:ondJ fnr • J2n X 240 

piul.24 bil color lfflllPOOI 133 MH"~ rcnuum with Ill MH 

MM. 

IIIIIIU■ IIH■m11dU 1111111 
Wincklwil95/NTOS 
Pcmlum lOOMRr. 8 MB RAM 
2 MB for llfO&Jl'll'I' fila 
10 Ml\ pllSI 10 1WW1'1 lfl'ql: file., 

IIIIIUIIIRIITIII ...... 
• Nllll:lf'C: N1Yip1m- lhlg-in 
• Java A(,ple& 
• Ac:LiveX Camrol 
• Web Site unap Coanna: 
I ~ Suit& SD'& 
• r.M'I. "-- it111'111111JW 

· ·~ Dowaload a FREE dam, vcmon of Upuniag Sui.kc Wiadowl C-amprmcr from: 

" l?fflNTTRON :i401 Ealll Univcnny~=~= TX. 76208 
USA.Office: Tcl:111'7.414.116.5 FA:X:.ll'U14.0SU 

:-:--~,.,,.. J TMm«T'll0~ llf' flt ll99W, Hmi.a;:s, V&DCGUY•, RC, V6Em 

~ CilD&da Off"u:c. Tel: 604.68!.9"789 FAX: 60Ull.ffl8 

t-•~ 111.11-. (I) ':t• ,-,r•o• /........, 1:,1,,.._,,;.,,,.,,,,, ,.r,,., ·'"' J..,.,..,. A,.,,,,c11•;> 
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Product Fact Sheet 
Windows Compressor 

The Liplnina Slriu Cocnpraaor ii I Windowl tool that e0mpr111M1 •till image, from ■ wide 
Vlriccy or dlaital imlp famacs 1&1UlJ lnfinil:ron's proprietary Waveln alcoridlra. !maces can 
bl coml'f'CIIICd to filca 5 tima amallcr than JPEO, whil1m1in1ainin11imilar or benw image 
ftdeliiy. Jma;a can be vi■wcc:t in I nr 2 aa:oncb aver I.he inla'nct rath.cr th.in 10 ID 20 
seconds f'or imqe, ~pl'NMd under JP1:.0. Thi• hu enalTl'IOUI benefi11 fvr 1n1111miuing 
ow:r c'orpurare nerworics or the wlb, and In addition, sans spac;e required f'or 1t0rin; all lhosc 
imagca. 

U;hll'lin; Slrilce ia I collection or tool• in • user friendly environment. Two lcw:1' of ulc::I' 
c:olW'CII arc off1n:d, 0111 quick and cuy f'or mo,, applir:::ation,, &ht 01hlr a mu• l1M1l for the 
advani;c.d user who wishes to control paramelffl to maximize imace quali&y, 

The compression 1ppc,:aech used by Lightning S11ike is bued upon inusaor waYOIN. This 
1.111:hnolor:Y i1 111:lr..nowlcdga:I by lc:ading e&pc:rD 111 • aupcrior compl"Cllion technique u 
contparcd to discRre c;osine a-anafonn uaed in 1PEO. 

Image CompreHlon Options and Control 

Compression Technique Optiorw 
Bolh 1nfaniuon•, Wawlll CompreAion ond od,er frequently us.eel comprcSllon mcsthods arc 
included in th1 product 10 users need only have Liehtninc Strike on their wort suition 10 
pcncmn all image com1'"Wion1. Images can be compressed 10 -W,vi:lct, JPEO, PNO, and 
OTF. 

C0mpra&li0n Quality Versus Speed Options 
The uw CIA Nlea 0111 of two encoding pl"OC:alel dw U'ldi: quality for speed of compression 
wt oue of UN. Wldl tho M Advuced" opdon aclecrcd, the optimum comprcuion plU'lmetl:l"I 
l10 IOI by Ibo user ID pvc Ibo belt pouible hmga ror Hlcctr:d eOfflJIIWliOn ratio. With 
"EllsyM aclsctcd you p lhc fastest compuaion without having ta know d!Rlila of parv.mltllf 
lldectioD. 

Ccmprasian Ratio Control 
no c:oaqm:ucd image file aizc or compraaion n.cio may be 1pccitlod ralhct d1an the q1alil)' 
fslil:lr, Thi, taabla • web deaisner to c:onrn,l the size or their imaae mes or I.he a-peed an 
imqe may be viewed. in a one Np proccu. 

Region of Interest Focusing 
ae,iona or 11ft imap c:an be sc::lc=:d for lc:a compn:aion to prcxrvc. higher im■se qulllil)' 
whib: the: n::at of the image ill comprascd ro the apec:ilied comprasion ratio. In thl1 way 
important par&s of a pi=ire ntaintain i;naciaJ dell.its whiles the over all pic:Nre file can be made 
u 1.mall u poaible. 'Ihil ii also known u Non-Uniform Compnwion. 
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Product Fact Sheet 
Windows Compressor 

Very IIJ'P imqa, which could no1 otherwise be compressed due to their Iara• aize. can be 
split inio ama.llcr imap Uld comprc::uc:d individually. This proca, hu the side advantage of 
u1in1 RAM more effectively 1peedin1 time f'or compra•inn. The aplit imega can be 
rc.wcmblcd us inc 1he mere• aspect of the feaaini. 

Post Reconstrudion F"~ters 
Pilo:ri vc available to entW'ICC !he ru:on.stn,u:aed imaco. At compression time cbe user can 
praei a conlrDI to have these flllCTI opcra1.e aucomaticaily durin& rcconacruc1lon. TM fllten 
lnc;luda; quality improwment. ahlrpcft (edge enhancement), 1mool.hing, and brighten. 

Transparencies 
The user will ha~ the ability tg set pisc:la nnspan:nt IO that a eolor in the baGkiround 
(already on tho pace) can bo seen lhrouch the picNre. Thia is useful for c:n:ativo web lite 
denlopers. This gives the ability to diaplay pictura other than lho rec:canrular 1hape allntu.d 

· on tho web pace, i.e. cin:la. pol)'lons cu: •• Also, clc:signc:n often usa thil fcaiurc for 
wliowinc. lcum and objects. 

P109resaive Oec:ompn,$$ion 
An imqo can be comprea.ed IIO that when it i, viewed it will appear quickly, firs1 with low 
resolution. and men pnipa1ivcly buildinJ up In detail u it i• downloaded. This insures lhe 
vi4'Wer d.oa not loose ini:erat while the irnqe is downloaded. 
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Product fact Sheet 
Windows Compressor 

Picture of Lana, with no Compression (JJ2X SJ2 /ITIQge) 

IPR2023-00332 Page 00264



WO98/40841 

INFINITR.ON 
Lightning.Strike 

99 

PCT/US98/04700 

Product Fact Sheet 
Windows Compressor 

Plcnm: of Lena Compressed JOO: I with Liglitning Strih 
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INFINITRON 
Lightning ~trike 

Product Fact Sheet 
Windows Compressor 

PNG FIie Structure 
Tbe eotnpraNd imqa ue .aorc.d in file fcannat campliant wilh the PNO 11&11dard, In &he 
ru11rc chil file fonnc will r191&c:e th• OIF rormai IIHd !Oday. ' 

Batch Compress 
The UNI' ia able IO comprcu many im:ases II once by addins or delelin1 imas• file& (nr p:uh•) 
tO a lias bcaa. 

lmagi Statistic• 
The comprcuor l&Ore:11 imqo ILlti.uic:s on each comprcued im•a• which may be viewed by 
lht UMr, The f'ollowin1 infonnalican ii pn:rvidcd; imago dimcnJions, corapnuioo ralio, file 
1iza, MSE. PSNR. ma&imum pia;el difrcrenc:&. compraaican 1111d dccompn:aaion time,. 

Enc:odlng and 01cod1 Time. 
Tbe iypioaJ time to uu:Dde or da:ode a 320X240, 24 bit color image ii 1 tceond on a Pentium 
NMinS at 133 MHz wlm 16 Mq RAM. 

Minimum Rec=ommandod System 
The minimum ~ n:quin:mi:nt:s fvr an IBM PC Compatible arc: 

Hard Diac Drive 2 Mbyw free for prog,vn files. 10 Mb plw co ,wap 
imagefila. 

Operwns S)'11~ MS Winclow1 3.1 (Win32)( 9.51 NT 

RAM IMbyuis 

Tb.ii totlwanl ii alao availablo on &ho Apple MAC, Solari&, and UNIX platforma. 
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Product Fact Sheet 

Windows Compressor 

Netscape Navigator Plug-In 
N1WoGaP9 plus•inl al'fl available for lhc Macfilk. Mac PPC. Widows 3.1 and 515/NT. 

Java Applet 
JaYI Applc:u are available for the Mac68k, Mm: PPC, Widows 3.1 and 95/NT. 

Act1v1X Control 
n,. Li;htning Scrike dccomp~ioa sciftwan: iA available for sw:h applic:ationa u Micnnoft'a 

lnlCmei £xplom, .. 1ft AeiivaX COllltOI. 

W1b Sit• lmaga Converter 
Thia utility will autorna&.e the conVll"lion of web p11a from JPECi ta the L.i&htnln1 Strike 

format. The ut.ilicy MltChlll u HTML fit. and replicala It replacin1 any JPti.0 ima;, mp 

wilb U1htnin1 Strike aap and c:onvcni.n; l:ha JPEQ iml10 lila IO Upnnins Scrike. The 

111.ility can follow llnk tall• to rc:cunlvcly canvm and rq:,lic.alO an 1111tin: wc:.b •ii• or 1Ub

MCl.ion oh web 1i11 IO 11'1• Usbtning SUiu Cormu. Thia utility will be available for 

Window• NT and'"°" flavors ofd'le UN1X opuaw11 S)'tll:ffl. 

Lightning Strika Softw■r9 Developers Kit 
U1in1 th• SOK. a d11veloper can intog:rue tho highly efficient Ushtnin; Stn1c:c: module 

libraries into their own applic:auona. 

Download a Fil.EE demo vcnioa of Lightning Slrike Window• 

Compn:1S10r from: www.infanlaon.c:om 

lnfinnn:m 3401 East Uniw:nity, #104, Denton, TX. 76208 

USA Offic:c Tel: 817.484.1165 FAX: 817,484.0SU 

lt1flnitn:m 10- Flt 1199 W. Hatinp. Vancouver, BC, V6E. 3TI 

Canida Office :rel: 604.681.9789 FAX: 604,681.9'719 . 
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Windows Image 
Compressor V3.0 

A11110111n:i.a1t Liabmin1 Strike"' lma1e Comprasor (LSJC) venioa J.O. a Windows 95 tool &bat 
compreues mil lma1• from JO:l to JOO:l llliD1 INFINITRON's proprietary wavelet tcdmolol)', LSIC 
i1 a venatile, U1f to ue tool for Web ud Graphic daipen that cu baadle a wide Yane.ty of dipal 
imaae formal.I, aad it badude.t filtera 111d collYtlliaat web tools. lmqa cu be compreued at r11io1 well 
in uceu of prtlClll JPEG ratiu wbiJe meinteinin1 comparable imqc tidelity. This trans!ates to mads 
shorter imqe down load time on die web. T1lil bu cnona0111 bme6tl far reducm1 boUlmedcl on 
corporate aenrorkl and die web, aad in addidoa, reqaira lea 1ton1• 1pace. 

UlllDIID llrlll flllUHI 

Comprasioa. Uses a propricwy im.cger nvaa. 

Compreaiml CoatroA. AA EASY mode allows U111 mer 
to mmpna imqa widl minimal iDpuL, n:quiring only a 
d&CisioD banNm cplll.ily ID4 oompn::aio11. AA 
ADV AN CED made ambles lhe user 10 Idea; 1) image 
file dz&. 2) amqm:aima nuio., 3) PSNR. or 4) Dlllll:r 

IMI for p,qfmiOMfl wbcnl nay panmr:m CUI be 
a1ICnd. We alropnwideLbc higba&. nwlalaala, 
cmnprmiOo for uscn wisbil:lg dlil i:apabillcy. Wd:J 
daipcl'I will liu Lbc ODii llcp PfllllZSI IO GOIW'Dl I.be liu 
of tbcir imap files allowing cxmual over lhC delivery 
lime ol an image OYCr a l:llftmlL 

Noa Uallon11 Compn:aioo. Rqiom can be IClocud for 
lea c:anq,rc:aiml io prese:m: ump qu:aiily while the n::a 
of Ille image is comp. I LI Lba spa:ificd CDmpftS'lion 
l'llio. In this way, impmlm pans ol a picmn: maiJUain 
cnici&I d.cWls while I.be over all pil:mrC file cu be 11114c 

u IIN11 as pcmiblc 

Pal Rccoanrucdon l'll&en. Fillm arc available to 
CAbanm the l'IDIDIU\ICtCd image. Al c:ompl'CISioo time 
Ibo user c:m prac:& a c:mmol to haw these filu:n opcme 
ll&Ul1IWically during l'Cll:IDDllUUCU The dlu:n include: 
vim.I qua.Iii)' imprcMmlc:lll. lbarpcn (edge 
mbrncenv:m>. RDCIOCbing a.ad brigbr=. 

Tnuparaciel. The mer will haw I.be abilily to Kl 

pmll uamparcm. so &bl& a mJor ill I.be bldqpvmld 
(already on I.be page) can be seen thn)ugh the piclurc. 
Tb.ls is ll.l'Cftl1 tor c:nmiw wm site dcw1ap:n. 

Propasive Com11rasioa. An image c:m be c:ompn:ssed 
so &bl& whm it ii YieMld it 'llril1 IIIIJICII' quiddy, fizst MUI 
low n:solm.ion.. and lbca 1)rognmiwly buildJng up in 
mil as u ii dDwn1oadcd. 1bia imun:s tbe w:wer docs 
IIOI lose imeresl while the image is doWIIJ,oidai 
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Windows Image 
Compressor V3.0, 

c• 1nen•vU111111111W1111att1 11aen 
• Image on Iha Wm 
• Pba&oSlock 
• Dala Wanhowliri1 
• Cllalapa 
• Vut.Gamm 
• CD1 (Enl::ydopcidiu. M1111111111, SciCN:11. and Medicine) 

• An:mva (M Hislary, Ocila&a&Y) 
• Medical lmallin& ,,,.., ..... 
EIICDdo wne typically less Iha.a 2.5 sccands !or a 6'0 X U0 
piu1. 24 bit CDlor image on a 133 MHz. PctlW,llft wu.h 16 MB 
RAM. Do;adc Luna ii lcsllha.a .75.smmlil: . 

■111■1■ IICllll■lldl. IJlll■ 
Wllldowl 95/NT 0S 
Pmlillm 100 Miu. I MB a.AM 
2 MB for pragram 81a 
10 MB pllll to swap imap fllc:s 

llllllll'IIIRIIIIDI,.._. 
• NCUClqle NaviplOr Plug-bl 
• Java Appia 
• AcdvcXCoGUDI 
• WI/Jo Silo Lmagc Corrvalcr 
, ustmwi1 Stria mx. 
• GML Bunar Anieetion!,:..,..,p.; · on 
• B1lclt and Whito 1map Comprmioll 

Donioad a FREE demo wnion o(I.Jgbt.aing S&rike Windo,n Compmsor from: 

-.ia.finiua.mm 

[NfDffl'JU)N 3~1 Ella Ul'IMl'lily, 1004, Demon. TX. '76201 
USA 0Gb Tel: ll'7."4.ll65 FAX: 111.414.0516 

rNP1HtmON 10-Flt 1199 w. Haa.ings. vammna. BC. V6E lT-' 
Camda om.z Tel: 604.611.ffl9 FAX:. 604.US.9791 

IPR2023-00332 Page 00269



WO98/40842 

104 

What is claimed is: 

1. A method for compressing an image, 

comprising the steps of: 

PCT/US98/04700 

performing a wavelet transformation of the 

5 image; 

and 

quantizing the wavelet transformed image; 

applying entropy coding to the quantized image; 

outputting a file that includes the entropy 

10 coded image. 

2. The method of claim 1, further comprising 

the following step: 
performing a color transformation of the image. 

3. The method of claim 1, further comprising 

15 the following step: 
·performing the wavelet transformation using an 

integer wavelet transform. 

4. The method of claim 3, further comprising: 

de.riving the integer wavelet transform using a 

20 lifting scheme. 

5. The method of claim 3, further comprising: 

deriving the integer wavelet transform using a 

correction method. 

6. The method of claim 1, wherein the step of 

25 quantizing includes the sub-step of: 

processing the wavelet transformed image using sub-band 

oriented quantization. 

7. The method of claim 1, further comprising: 

comparing the wavelet transformed image to at 

30 least ·one predetermined threshold value. 
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8. A method for wavelet-based image compression 
using reduced color components, comprising the steps of: 

creating a color table for an input image having 
a plurality of pixels; 

calculating an index for each of the pixels, 
whereby generating a plurality of indices; 

performing a wavelet transformation on the 
indices; 

applying entropy coding on the transformed 
10 indices; and 

outputting a file that includes the entropy 
coded indices. 

9. The method of claim 8, further comprising: 
dithering the pixels to generate the. indices. 

15 10. The method of claim 8, further comprising: 

20 

25 

partitioning a large image into a plurality of 
small images to produce the input image. 

11. The method of claim 10, wherein the large 
image is selectively partitioned. 

12. An image processing system, comprising: 
means for performing a wavelet transformation on 

an input image; 
means for quantizing the wavelet transformed 

image; 
means for entropy coding to the quantized image; 

and 

means for outputting the entropy coded image. 

13. The image processing system of claim 12, 
further comprising: 

30 means for receiving the entropy coded image; 
means for entropy decoding the received image; 
means for de-quantizing the decoded image; and 
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means for performing an inverse wavelet 

transformation on the de-quantized image to produce an 

output image. 

14. The image processing system of claim 12, 

5 further comprising: 
means for displaying the output image. 

15. The image processing system of claim 12, 
further comprising: 

means for transmitting the entropy encoded image 

10 over a communications medium. 

16. An image compression system, comprising: 

a compressor configured to generate a compressed 

image based on an integer wavelet transform derived using 

a technique selected from a lifting scheme and a 
15 correction method. 

17. The image compression system of claim 16, 

wherein the compressor quantizes a wavelet transformed 
image ·to produce the compressed image. 

18. The image compression system of claim 16, 

20 wherein the compressor entropy encodes a quantized image 

to produce the compressed image. 

25 

19. The image compression system of claim 16, 

wherein the compressor performs a color transformation to 

produce the compressed image. 

20. An image decompression system, comprising: 
a decompresser configured to generate a 

decompressed image based on an integer inverse wavelet 
transform derived using a technique selected from a 
lifting scheme and a correction method. 
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21. A computer-readable memory storing a 

computer program for directing a computer system to 

perform image compression, wherein the computer program 

implements steps for performing a wavelet transformation 

5 of an input image, quantizing the wavelet transformed 

image, applying entropy coding to the quantized image, 

and outputting a file that includes the entropy coded 

image. 
22. A method of compressing a data file, 

10 comprising the steps of: 
performing a wavelet transformation of the data 

file to provide a series of wavelet coefficients; 

quantizing those wavelet coefficients which fall 

above a predetermined threshold value to provide a 

15 quantized series of wavelet coefficients; and 

compressing the quantized series of wavelet 

coefficients to provide a compressed data file. 

23. The method of claim 22 wherein the 

compressing step comprises the step of applying an 

20 entropy coding to the quantized series of wavelet 

coefficients. 

24. The method of claim 23 wherein the 

entropy coding is selected from the group of arithmetic, 

Huffman, run length and Huffman run length combined. 

25 25. The method of claim 23 further 

comprising the step of performing a color transformation 

of the data file prior to the wavelet transformation 

step. 

26. The method of claim 25 wherein the 

30 quantizing step comprises sub-band orientation 

quantization. 
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27. The method of claim 26 wherein the 
wavelet transformation step comprises integer wavelet 
transformation. 

28. The method of claim 22 further 
5 comprising the step of filtering the data ,file prior to 

the wavelet transformation step. 

29. The method of claim 27 wherein the 
integer wavelet transformation comprises biorthogonal 
filter method. 

10 30. The method of claim 27 wherein the integer 
wavelet transformation comprises the correction method. 

31. A compressed data file compr~sing a wavelet 
transformation of a data file having a series of 
compressed, quantized wavelet coefficients, the quantized 

15 wavelet coefficients having a value above a predetermined 
threshold va~ue to provide a quantized series of wavelet 
coefficients. 

32. A program for compressing a data file 
comprising: 

20 a routine for performing a wavelet 
transformation of the data file to provide a series of 
wavelet coefficients; 

a routine for quantizing those wavelet 
coefficients which fall above a predetermined threshold 

25 value to provide a quantized series of wavelet 
coefficients; and 

a routine for compressing the quantized series 
of wavelet coefficients to provide a compressed data 
file. 
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NETWORK BASED PROGRAMMABLE MEDIA MANIPULATOR 

RELATED APPLICATIONS 

This application claims priority to U.S. 

5 Provisional Application No. 60/020,094, filed June 21, 

1996, the contents of which is incorporated herein by 

reference in its entirety. 

BACKGROUND OF THE INVENTION 

10 In a client server network, on_one hand there are 

clients, typically personal computers, IBM-compatible 

computers and/or UNIX workstations, for example, 

equipped with information browsers. On the other hand, 

there are data servers and compute servers. Data 

15 servers are computers with a large storage capacity 

containing information in different media formats: data 

records, plain text documents, word processing 

documents, still pictures, compressed audio and vide~, 

and executable files, for example. Compute servers are 

20 computers that carry out intensive computational tasks 

that would typically require too much time for the 

client to complete. Each compute server might use a 

single or many processors to complete the given task. 

25 Users interact with their clients in a natural way 

with a mouse, keyboard, screen, printer, ~r by some 

other input/output device. The users need not be 

concerned about what happens after they make their 

selection within their clients. Clients then make 

30 service requests to geographically dispersed servers. 

Upon receiving requests from the clients, the servers 
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perform the desired operations and return the retrieved 

or computed media stream back to the client for 

display. 

5 SUMMARY OF THE INVENTION 

The present invention is connected into the 

ubiquitous two-tiered client-server network of 

computers. It is de.signed as a middle layer, 

middleware, between the clients and the remote data 

10 servers. It transforms the network into a more 

flexible three-tiered configuration. Requests 

generated by the clients for media objects from media 

resources are routed to the media manipulator. It 

processes the requests and determines if the media 

15 objects may be found locally, either cached in the 

media manipulator itself or in local/remote data 

servers. When the media objects are obtained, the 

media manipulator can be used to perform operations on 

those objects such as format translations, to apply 

20 protective mechanisms for the clients such as virus 

scanning, to speed communications between the remote 

servers and the clients using compression operations, 

or perform compute operations for the.clients. 

25 In general, according to one aspect, the invention 

features a middle-ware computing system. It includes a 

network access system that supports communications with 

media resources and client computers and a media 

manipulation system that operates on media objects 

30 received from.the media resources·via the network 

access system prior to forwarding the media objects to 

the client computers. 

In specific embodiments, a parser is used to 

35 identify different media types within the media objects 
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so that service devices may be called to operate on the 

media types. In one ~xample, the parser searches for 

images in the media objects and service devices include 

an image compressor for performing data compression or 

5 pornography detection on the .images. The parser can 

also search for executable or data files in the media 

objects and the service devices then called to perform 

virus scanning or format conversion, respectively. 

10 

15 

In further specifics, a cache is used to store 

media objects. A media flow manager receives requests 

for media objects and checks for the presence of the 

media objects in the cache to preclude the necessity of 

obtaining the objects from the remote media resources. 

The above and other features of the invention 

including various novel details of construction and 

combinations of parts, and other advantages,. will now 

be more particularly described with reference to the 

20 accompanying drawings and pointed out in the claims. 

It will be understood that the particular method and 

device embodying the invention are shown by way of 

illustration and not as a limitation of the invention. 

The· principles and features of this invention may be 

25 employed in various and numerous embodiments without 

departing from the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings, reference characters 

30 refer to the same parts throughout the different views. 

The drawings are not necessarily to scale; emphasis has 

instead been placed·upon illustrating the principles of 

the invention. Of the drawings: 
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Fi$. 1 is a schematic block diagram illustrating 

the context in which the inventive media manipulator 

operates; 

Fig. 2 is a block diagram illustrating the 

5 interaction between components of the media manipulator 

according to the invention; 

Fig. 3 is an object interaction diagram 

illustrating the operation of the components of the 

media manipulator; 

10 Figs. 4A, 4B, and 4C show the message formats for 

transmitting tasks to compute servers; 

Fig. 5 is a block diagram showing the programming 

of the media manipulator using m-script; 

Fig. 6 is another object interaction diagram. 

15 showing the order of creation of the components of the 

manipulator; and 

Fig. 7 is a block diagram showing another 

embodiment of the media manipulator. 

20 DETAILED DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates the context in which the media 

manipulator 100 operates. In many applications, it is 

important for users to access remote media resources 

108 such as the data servers 104 of content providers 

25 on the Internet. These users may be at client 

computers 110 that are inter-connected by a local area 

network (LAN) 112. The clients 110 access the media 

resources 108 through a gateway 114 linking the LAN 112 

to the Internet. The user's also require access to the 

30 media resources 108 remotely at remote clients 116 

through, for example, telephone dial-up connections 

118 or through cellular/wireless links 120. 

The media manipulator 100 is connected into this 

35 two-tiered client-server network of computers as a 
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middle layer between the clients 110, 116 and the 

remote data servers 104 o~ the media resources 108. 

Fig. 2 is a block diagram illustrating the 

internal organization of the media manipulator 100. It 

comprises six basic components: media flow manager 

210, media parser 212, network access layer 214, object 

switch 216, multiple service plugins 218, and global 

access cache 220. In one embodiment, these components 

10 are implemented as separate software objects that run 

on a common microprocessor or multiprocessor system. 

The media flow manager 210 serves as the principle 

controller for the media manipulator 100. It has 

15 access to the various components and can alter their 

behavior. It specifies the operations to be formed on 

the received media objects. It is also the storehouse 

for the information on the media objects as they are 

received from the media parser. The media flow manager 

20 210 also tracks the physical resources that are 

functional and available in the media manipulator and 

on the surrounding LAN in order to determine to which 

of the resources the media objects flow. 

25 The network access layer 214 makes the media 

manipulator 100 accessible through many different types 

of network devices and the protocols running on top of 

them. In one implementation, the network access layer 

communicates through the Internet gateway 114 using the 

30 TCP/IP protocol, connects to the compute or data server _ 

35 

using the protocol of the local arep network 112, and 

communicates with the clients using either the· LAN or 

the protocols necessary to communicate with the remote 

clients 116 over low-bandwidth connections 11~, 120. 
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When communicating with the remote data servers 

104 of the content providers, the network accepts the 

incoming data streams and assembles tnem into media 

objects. These media objects are then made available 

5 to the media parser 212, object switch 216, and service 

plugins 218. The media parser 212 analyses all 

incoming media objects to extract the relevant media 

types. These media types include executable files, 

data files, and images, for example. Information 

10 concerning the detected media types is forwarded to the 

media flow manager 210, which decides what operations 

should be performed on the media. 

The object switch 216 supports a number of 

15 incoming and outgoing object gates. Media objects 

enter into the object switch from the network'access 

layer 214 and from the service plugins' output links. 

The media objects leaving the object switch 216 go into 

the network access layer 214 and the service plugins' 

20 input links. The object switch routes the objects 

based on the media manager instructions, either 

directly or indirectly. 

The global access cache is an intelligent 

25 mechanism that speeds the operation from the 

perspective of the user at the clients 110, 116. It 

determines which media objects are most likely to be 

used in the future and stores them.in the fastest 

available memory. Media objects that are somewhat less 

30 likely to be required again are stored in slower memory 

or a secondary cache. There can be as many lev~ls of 

the cache as the physical infrastructure allows, and 

the caching may take place on data servers that are 

remote from the main computational resources of the 

35 media manipulator. This caching minimizes the time 
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that different users need to wait for requests to be 

processed. 

The media manipulator 100 is a programmable 

5 device. A sysitem administrator can change its behavior 

by giving it m-script commands. It is also an 

extendable device. By adding new service plugins, new 

capabilities can be added to the device. The 

construction of the components of the media manipulator 

10 allows for redundancy and fault tolerance. A hardware 

failure does not bring the entire system to a halt. 

The system will keep working and simply notify the 

administrator that one of its components needs to be 

replaced. 

15 

20 

Fig. 3 is an object flow diagram illustrating the 

communication between the client 110, 116, content 

provider's data server 104, and the components of the 

multimedia manipulator 100. 

The first step is the initial connection l, 

Connect, between the client 110, 116 and the media 

manipulator 100 via the network access layer i14. The 

network access layer 214 accepts this request 2. In 

25 one implementation, it accepts by calling a.new 

incidence of itself such that each incidence of the 

network access layer object supports a single 

connection outside the media manipulator 100. 

30 After establishing the connection, the client 

makes a request 4 for a media object. In the typical 

example, this will be a universal resource locator 

(URL) to a data server 104 of a content provider on the 

Internet. The network access layer then calls- the 

35 media parser 212 and passes the client request 6. 
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The media parser 212 looks to two sources for the 

media object simultaneously. The ProcessURL request 8 

is passed to the media flow manager 212, which has 

knowledg~ of the contents of the global access cache 

5 220. The parser also issues a request 10, GetPage, to 

the network access layer. 

The media flow manager 212 searches for the object 

in the cache 220. If the cache returns a cache-miss, 

10 the request to the provider has not been delayed 

waiting for the miss status, whereas in the case of a 

cache~hit, the request to the provider is simply 

terminated after verifying the validity of the cached 

page. Using this scheme, there is little increased 

15 latency associated with the use of the.manipulator 100 

in the worst-case cache-miss scenario. 

In the illustrated example, a cache-miss occurred. 

Thus,·rather than supplying the object~ the cache 220 

20 is prepared 12 to receive the media object, PutinCache. 

25 

30 

Also, the network access layer 214 connects 14 to the 

content provider and retrieves 16 the media object or 

page. 

As the media object is being received by .the 

network access layer from the content provider 104, the 

parser begins.to parse 17 the object. As parsing 

proceeds, the parsE:r also begins to update 18 the 

global access cache 220 with the parsed portions of the 

object. Simultaneously, the parser begins the reply 

20, 22 to the client via the network access layer. 

In one implementation, the parser searches for 

images in the media objects to perform compression or 

35 pornography detection, for example. On encountering an 
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image, the parser 214 passes a call to the media flow 

manager to process the image 24 while continuing to 

parse 26 the media object~ 

The media flow manager 210 gets the image 28 via 

the network access layer 214. The fact images.are not 

stored with the page but must be separately requested 

is an artifact of the HTTP protocol. The network 

access layer 214 then connects 30 to the content 

10 provider 104 and retrieves 32 the image. 

When the image is retrieved, the media flow 

manager 210 places it in the cache with the other 

portions of the media object and makes a function call 

15 to the object switch to process the image 34. The 

object switch knows the various service plugins that 

are available and the actions that must be performed on 

the media types that are discovered by the media 

parser, which in this example is an image. When called 

20 by the object switch 216 to process 36 the media type, 

the particular service plugin, or multiple plugins when 

serial operations are required, retrieves 38 the media 

type, i.e., image, and performs the desired operation 

on or ~recesses 40 the image. For example, in one 

25 instance, this can be compression or thinning to 

expedite communication to the client. In another case, 

it can detect the probability of pornography by 

detecting the percentage of flesh-tone colors in the 

picture. Once the processing is complete,. the new 

30 image or revised media object may be placed 42 in the 

cache 220 or used in a reply to the client 110, 116. 

In many instances, the service plugin 

functionality will be performed by a separate compute 
I 
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server 105. This computer may be directly accessible 

by the media manipulator 100 or accessible through the 

local area network 112. Generally out-sourcing this 

functionality is desirable, rather than running on the 

5 same device with the other components of the media 

manipulator 100, to avoid depriving those other 

components of processing bandwidth. 

When the plugin does utilize the external compute 

10 server, it issues a request message. Fig. 4A 

illustrates the formatting of the message to the 

compute server. The message has a number of different 

fields. It ·has a version field and a length field 

defining the length of the content. The type field 

15 indicates the type of the message, and the message ID 

is assigned by the network access layer. The source 

type ·indicates the media type. In the context of image 

files, the type indicates whether the image is in a GIF 

or JPEG type compression format, for example. The 

20 source path is the path to where the image is stored in 

the global access cache 220, to which the compute 

server has access. The destination type, path length, 

path, and parameters define the transformed media type 

and where it is to be sent. 

25 

.Fig. 4B illustrates the reply message from the 

compute server. It again has version, length, type, 

and message ID fields. The reply code indicates 

whether or nbt the service was successful. The 

30 destination type, path length, and path indicate the 

type of the final image after the transform of the 

compute server has been implemented and where that 

final image is stored in the global access cache or 

otherwise. 

35 
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Fig. 4C shows the error message issued by the 

compute server when service was unsuccessful or error 

occurred. To contain this information, the message has 

a computer server error code identifying the server and 

5 a field holding the reason for the error. 

As illustrated in Fig. 5, the administrator or 

Internet application developer specifies the actions of 

the media manipulate~ by supplying an m-script language 

to the media flow manager 210. This is a quasi-

10 configuration, script file which forms a high level 

programming language of the media manipulator. The 

following illustrates the general structure of the 

language with examples showing its use in the media 

manipulator 100. 

15 

name := definition 

The name of a rule is simply the name itself (without 

any enclosing"<" and">") and is separated from its 

definition by the colon-equal (":="}_ character. 

20 "literal" 

Quotation marks surround literal text. Unless stated 

otherwise, the text is case sensitive. 

rule] I rule2 

Elements separated by a bar ("l"l are alternatives, 

25 e.g. I 

"yes I no" will accept "yes" or "no". 

{ rule 1 rule2} 

Elements enclosed in parentheses are treated as a 

single element. Thus, "{elem {foo I bar} elem}" allows 

30 the token sequences "elem foo elem" and "elem bar 

elem". 
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The character"*" following an element indicates 

repetition. For example, "foo bar*", implies, 11 foo 11 

' followed by zero or more of "bars". 

[rule] 

5 Square brackets enclose optional elements. For example, 

"foo [bar) 11 implies, 11 foo" followed by zero or one of 

"bar". 

10 

15 

20 

The BNF grammar of them-script is grouped under 

three logical groups~ 

Basic 

Alphabets 

Variable-chars 

Numbers 

Variable-name 

Host-name 

Path-name 

Others 

EOLN 

Comment 

·= {abc ... zABC .. Z} 

{abc ... zABC ... Z-_} 

{0 ... 9} 

Variable-chars {Variable-chars I Numbers}• 

Variable-char~ {Variable-chars I Numbers I"."}* 

·= {Variable-chars I Numbers I"." I "f' I"\" I"~" I":"}* 

{ !@#$%"&*()" {}·=I\<>,} 

·= "'\rt" 

"#" {Variable-chars I Others I"." I"/" I"~" f":"} * EOLN 

This section describes the basic rules used: Alphabets 

are composed of letters "a" through "z", "A" through 

25 "Z"; Numbers are composed of digits zero.through nine. 

Variables-chars are alphabets, dash ( 11
-

11
) and 

underscore (" "). A variable name must start with a 

Variable-char and followed by zero or many variable

chars or numbers. Host-name is similar to variable-name 

30 and in-addition can have periods ("."). Path-name is a 

generic path used for locating files. EOLN is ASCII 13. 

A comment must start with"#" character and ends with 

an EOLN. 
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Generic 

m-script 

Section 

Section-Desc 

Section-line 

Section 

-13-

:"" . { comment I section } • . 

:= section-key " {" section-Desc "}" 

section-line• 

PCT/US97/10758 

:""' section-desc-key "=" section-desc-value [EOLNJ 

server-section I cache-section I service-section I filter

section I action-section 

10 This section describes a generic m-script file. An m-

script is a comment or a section. A section must start 

.with a Section-key, followed by a Section-description 

enclosed in parentheses. The section description is 

made up of zero or many section lines. A section line 

15 starts with a section description key followed by an 

equal sign ("•") and the section description key's 

value. There are five types of sections, viz., server, 

cache, service, filter and action. 

20 Detail 

25 

Server-section 

Server-sec-desc 

"server" " {" servcr-sec-desc "} " 

server-name-line I server-port-line 

Server-name-line "name""=" host-name rEOLNJ 

Server-port-line ·= "port""=" numbers [EOLN] 

A server section starts with the key "server". This 

section consists of two lines: Name and por~ lines. The 

name line specifies the name of the host on which the 

MM 100 is run. The port line specifies the main port 

30 number on which the MM awaits requests from clients. 

Cache-section - "cache""{" cache-sec-desc "}" 
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Cache-sec-desc := cache-clean-line I cache-direc-line 

Cache-clean-line := "cleanup" "=" { number I "no" } 

Cache-direc-line "directory""=" Path-name 

5 A cache section starts with the key "Cache". This 

section consists of two lines as well: Cache-clean and 

directory lines. The cache-clean line specifies the 

time interval after which the cache cleaning is 

performed. ·rt takes two values: a positive number (time 

10 interval in seconds) or the string "no"(implying never 

to be cleaned). The directory line specifies the 

directory in which the cached files need to be stored~ 

15 

Service-section 

Service-sec-desc 

"service" "{" Service-scc-desc "}" 

Service -id-line I Service-host-line I Service-port-line 

Service-id-line "id" "=" variable-name 

Service-host-line .,,,. "host" "=" host-name 

Service-port-line ''port" "=" numbers 

20 A service section is for service plugins. There must be 

a service section for each service that'has to be used 

by the MM 100. This section starts with the key 

"service". The section consists of three lines: Id, 

Host and port lines. The id line specifies a user 

25 defined identifier that can be used in ether sections. 

30 

The host and port lines respectively specify the name 

of the host and port number on which the service is 

available. 

Filter-sec 

Filter--desc 

Filter-Object-line 

"filter" "{" filter-desc "}" 

- filter-object-line I filter-action-line 

"object" "=" Filter-Object-Name 
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Filter-Object-Name := "image" I "video" I "java" 

Filter-Action-line :== "action""=" variable-name 

A filter section starts with the key "filter". This 

5 section consists of two lines: object and action line. 

The object line specifies the name of the object to be 

identified and filtered. The act~on line identifies 

the rule to be applied on the object. Currently, the 

objects identified are images. In future, objects like 

10 video and Java applets can be identified. 

Action-section ·= "action""{" action-desc "}" 

Action-desc ·= action-id-line I action-cond-Jine I action-proc-line 

Action-id-line ·= "id" "=" variable-name 

15 Action-cond-1 ine - "cond" "=" Action-cond-exp 

Action-cond-exp ·= [Action-exp-bin-op] Action-exp-var [ Action-cond-exp-

op Action-cond-exp J 

Action-exp-bin-op := "!" 

Action-cond-ex p-op - "&&" I ''II" (""-~"I""!='' I"'>,, J "·<'"I">=" I"<=,, 

20 Action-exp-var ·= { Filter-Object-Name"." Parameter} I { variable-name 

"." "result" } 

Parameter ·= "any" I "transparent" I "animated" 

Action-proc-line ·= "process""=" Action-proc-exp 

Action-proc-exp - { variable-name! Method-exp} [Action-connect Action-

25 proc-exp] 

Method-exp - Filter-Object-Name"." Method-name"(" Method-

Param"' ")" 

Method-name ·= "replace" 

Method-Param ·= "'"" Path-name ""'" 

30 Action-connect ·= "&"' I "I" 
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The action section is the most complicated section. The 

action sections can be linked to other action sections 

forming a list of actions to be applied in tandem. The 

5 section starts with the key "action". This section 

consists of three lines: id, condition and process 

lines. The id, as before, is a user assigned 

identifier. The condition line specifies a condition 

when the process has to be performed. The condition is 

10 like a standard "C" expression. It uses object's 

properties (e.g., image.transparent - image that has a 

transparent bit), or result of other rules (e.g. 

rulel.result). The process can be a service identifier 

or another rule identifier. Several identifiers can be 

15 connected using action connectors: "&"(and) or "I" (or). 

The "&"(and) connector implies both the rules have to 

be applied in succession (e.g.: rulel & rule2 implies 

apply rulel and then rule2). The "I" (or) connector 

implies that apply either of the process (e.g.: 

20 compressl I compress2 - implies, apply compressl or 

compress2) . 

25 

30 

35 

An example is as shown below: 

l 
2 
3 
4 
5 
6 
7 
8 
9 
JO 
ll 
12 

#m•script for manipulating HTML files 

#listening host name and port 
server { 
name = center 
port :c:= 8001 
} 

#cache parameters 
cache{ 
cleanup= no 
directory = "/opt/mm/cache/images/" 
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13 
14 
15 
16 

5 17 
18 
19 
20 
21 

10 22 
23 
24 
25 
26 

15 27 
28 
29 
30 
31 

20 32 
33 
34 
35 
36 

25 37 

30 

35 

38 

Line 

# 
I. 

5&6 
11 & 

12 
17-19 

24-26 

30& 

31 

#compress service server 1 
service{ 
id = compress l 
host = center 
port= 7002 
} 

#compress service server 2 
service{ 
id = compress2 
host = center 
port= 7003 
} 

filter{ 
object = image 
action = rule 1 

action{ 
id= rulel 

-17-

cond = image.any && ! image.transparent 
process = compress 1 I compress2 
} 

Explanation 

PCT/US97/10758 

A comment line starts with a "#" character. Everything to the end of that line is 

ignored. 
The media manipulator listens on the host "center" and on port "8001" 
The files are cached (global cache) on the server. Keep them longer. Store them in 

the directory specified. 
Compute server id is "Compress I". The host address is "center" and is listening on 

port "7002" 
Compute server id is "Compress2". The host address is "center" and is listening on 

port "7003" 
Filter the images and apply rulel 

SUBSTITUTE SHEET (RULE 26) 
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35 This section is rule I 
36 Do the process for any image that is not transparent. 
37 Process images by sending to compress I or to compress2 

Example #2 

5 Apart from compressing the images, the images can be 

tested for pornography. For this a service section has 

to be added and the action section has to be modified. 

The following m-script accomplishes this. 

10 

15 

20 

25 

30 

35 

40 

I 
2 
3 
4 
5 
6 
7 

8 
9 
JO 
JI 
12 
J3 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
JO 
31 

#m-script for manipulating HTML files 
#This compresses the images and detects them for pornography 

#listening host name and port 
server { 
name center 
port= 8001 
} 

#cache parameters 
cache{ 
cleanup= no 
directory = "/opt/mm/cache/images/" 
} 

#compress service server I 
service{ 
id = compress I 
host center 
port= 7002 
} 

#compress service server 2 
service{ 
id = compress2 
host = center 
port= 7003 
} 

#pornography detect service server I 
service{ 
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32 
33 

34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

Line 

id= pornol 
host = center 
port= 7010 
} 

-19-

#pornography detect service server 2 
service{ 
id= pomo2 
host = center 
port 7011 
} 

filter { 
object image 
action= all_image_rule 
} 

action{ 
id all_image_rule 
cond = image.any 
process= compress_rule & porno_rule & destroy_rulc 
} 

action{ 
id= compress_rule 
cond = ! image.transparent 
process ::: compress 1 I compress2 
} 

action{ 
id= pomo_rule 
cond = compress_rule.result == I 
process = porno 1 I pomo2 
} 

action{ 
id = destroy _rule 
cond =porno_ rule.result>= 75 

PCT/US97/10758 

process = imagc.replace("/opt/mm/lib/imagcs/forbidden.gif') 
} 

Explanation 
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16 - 28 
31 - 35 

38- 42 

44-47 
49- 52 

55 - 59 

61 - 65 

67 - 71 

Server section . 
Cache section 

-20-

Compute servers "Compress 1" and "Compress2" 

PCT/US97/10758 

Pornography detection service '"porno 1" is running in "center" and listening on port 

7010 
Pornography detection service .. porno 1" is running in "center" and listening on port 

7010 
Filter the images and apply all_image_rule 

Apply action "all_image_rule" to all images. First apply compress_rule, followed by 

porno_rule and then by destroy_rule. · 

Apply action "compress_rule" to non-transparent images. Pass the images to either 

compress l or compress2. . 

Apply action "pomo_rule" to images, if compress_rule returned I. Pass the 

compressed images to porno I or pomo2. 
Apply action "destroy_rule" to images, if pomo_rule returned a value greater than or 

equal to 75(probability of a pornographic image). Replace the image with 

"forbidden.gir'. 

Media Flow Manager (MFM) 

MFM reads m-script and configures itself and other 

components based on them-script. The MFM can be 

15 implemented as a multi-threaded object as shown below: 

class MFM{ 

private: 

int iPort; 

20 char •strHostName; 

char •strMFileName; 

MediaParser *pMP; 

GAC *pGAC; 

ObjSw •pOS; 

2 s NAC •pNAC; 

SUBSTITUTE SHEET (RULE 26) 

IPR2023-00332 Page 00306



W097/49252 

public: 

MFM(); 

~MFM(); 

-21-

int Configure(char •strMFileName); 

PCT/US97/J0758 

s int ProcessURL(char •strURL, ... ); 

10 

15 

int Processlmage(char •strSrcURL, int iHeight, int iWidth, ... ); 

int CheckCacheUpdate( ... ); 

int Createlnstanc~O; 

}; 

Configure( ... ) 

Process URL( ... ) 

Processlmage( ... ) 

Createlnstance( ... ) 

Parses the m.-Script file specified and configures the rest of the 

components. 
This is called by the parser, when it encounters a new image. This 

initiates the cache insertion on GAC. 
Mainly invoked by the MediaParser, when it encounters an image tag. 

This passes the command to the appropriate object switch. 

This creates a new instance of the MFM by first copying the internal 

data structures and then creating a new thread. 

Media Parser - HTML Parser 

The media parser can be implemented using generic tools 

like lex and yacc. The core of the parser can then be 

20 packaged to make parser objects. 

class MediaParser { 

private: 

MFM*pMFM; 

25 GAC •pGAC; 

public: 
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}; 
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MediaParser(MFM •pMFM, GAC •pGAC, ... ); 

~MediaParser(); 

int AddFilter(int iObjectType, ... ); 

int Parse( .. :); 

AddFilter( ... ) Called by the MFM.Configure, adds to the list of objects that the 

MediaParser has to look for. 

Parse( ... ) This is called by the NAL, when it successfully establishes a 

connection with the client. This parses the media. When it encowiters 

the object to be filtered, the parser notifies the MFM by invoking the 

appropriate function. 

Global Access Cache 

The global access cache is a specialized cache system, 

specifically tuned to keep HTML pages and the images. The 

images can have multiple·versions. These have to be cached 

15 separately. The cache ~s also cleaned regularly as 

described in the cache section of them-script. 

class GAC{ 

private: 

20 char •apMainBuckets[MAX_HASH_KEY]; 

int Hash(char •strURL); 

public: 

GAC(MFM •pMFM. char •strPath, ... ); 

25 ~GAC(); 

int SearchCache(char •strURL, ... ); 

SUBSTITUTE SHEET (RULE 26) 
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int PutlnCache(char •strURL, char •strLocalFilename, FILE •fp, ... ); 

int UpdateCache(char •strURL, ... ); 

int GetFromCache(char •strURL, int iKey, ... ); 

5 }; 

10 

Hash( ... ) 
SearchCache( ... ) 
Putin Cache( ... ) 

UpdateCache( ... ) 

GetFromCache( ... ) 

This is used to create the Hash key based on an URL. 
This ~arches the cache for the given URL. 
First searches the cache(SearchCacheO) and if not found, inserts the 

URL int the cache. 
Updates the cache entry with related entries. For example, the URL 

entry can be updated with image entries that are related to the URL. 
Retrieves an URL or an hnage. 

Network Access Layer 

The network acces~ layer for handling HTML pages, primarily 

15 deals with HTTP(Hyper Text Transmission Protocol). It 

accepts connection from the clients; makes connection to 

the content provider; requests and receives pages and 

images from the content provider.·rn addition to these the 

layer also provides connection to compute servers. 

20 

class NAL{ 

private: 

int iPort; 

char •strHostNarne; 

2 5 int iNumCharsRead; 

int iNwnCharsWritten; 

char •strURL; 

public: 

30 NAL(MFM •pMFM, MediaParscr *pMP, ... ); 

s·ueSTITUTE SHEET (RULE 26) 
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~NAL(); 

int Listen(char •strHostName, int iPort, ... ); 

int Accept( ... ); 

int Connect( char •strHostName, int iPort, ... ); 

PCT/US97l10758 

5 int Accept Clients( char •strHostName, int iPort, ... ); 

10 

15 

20 

25 

int Getlmage(char •strHostName, int iPort, char •strURL, ... ); 

int GetURL(char •strHostName, int iPort, char •strURL, ... ); 

int SendRequest( ... ); 

int ReceiveReply( ... ); 

} ; 

Listen( ... ) 
Accept( ... ) 
Connect( ... ) 

Getlmage( ... ) 

GetURL( ... ) 

SendRequest( ... ) 

ReceiveReply( ... ) 

Service Plugin 

Creates a listening port. 
Accepts any client requesting a connect. 

CoMects to the specified host and port number. Usually called by the 

GetlmageQ or GetURL() 
Connects to the ContentProvider and requests the image specified by 

the URL. This is responsible for building the appropriate request 

header etc 
Connects to the ContentProvider and requests the page specified by the 

URL. This is responsible for building the appropriate request header 

etc. 
Sends a formatted message to the compute server. The format of the 

message is shown in the following section. 

Receives a formatted message that is a reply to the message sent 

earlier. 

The service sections describe the various servers available 

for the MM. Each service server is an instance of this 

object .. 
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class ServPlugin{ 

private: 

char •strld; 

int iPort; 

PCTfUS97/l0758 
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5 char •strHostName; 

public: 

ServPlugin(NAL •pNAL, char •strld, char •strHostName, int iPort, ... ); 

~ServPluginQ; 

1 O int Request( char • strSrcPath, char • strDestPath, ... ); 

15 

} ; 

Request( ... ) 

Object Switch 

This initiates the request through the NAL. NAL sends the formatted 

message to the appropriate Compute Server. 

The object switch interfaces the MFM and the service 

plugins. The object switch mostly implements the rules 

specified in the action section of them-script, as 

20 instructed by the MFM. 

class ObjSw{ 

private: 

MFM *pMFM; 

25 GAC •pGAC; 

ServPlugin •aSP; //array of service plugins 

ActionList •alAction; //linked list of actions 

public: 
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ObjSw(MFM •pMFM, GAC •pGAC, _); 

--ObjSwO; 

int AddServicePlugin(ServPlugin •pSP, _); 

int AddAction(char •strld; char •strCond, char •strProcess, _); 

s int Processlmage(_); 

} ; 

PCT /US97 / l 0758 

AddServicePluginU This is invoked by the MFM during configuration phase. This adds the 

service plugin to its internal list. 
10 AddActionU This is also invoked by the MFM during the configuration phase. This 

adds the actions specified in the m-Script 
ProcesslmageLJ Invoked by the MFM, this executes the actions in the specified order. 

Compute Server 

15 The compute server executes as a separate processor or on a 

different machine itself. It can be-implemented as an 

object as well. 

class CompServ { 

20 private: 

int iPort; 

char •strHostName; 

public: 

2 5 CompServQ; 

~CompServQ; 

int ReceiveRequest( char •strSrcPath, char •strDestPath, ... ); 

int ProcessRequest( ... ); 

int Reply( ... ); 

SUBSTITUTE SHEET (RULE 26) 
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}; 

ReceiveRequest( ... ) This receives the formatted message. 

ProcessRequest( ... ) This processes the request. The user can extend the compute server by 

adding capabilities to this method. 

Reply( ... ) Sends the reply. 

The compute server can also use the NAL to send and receive 

messages. 

Fig. 6 is an object interaction diagram showing the 

order of creation of the objects/components of the 

manipulator 100 and the order in which them-script is 

processed or read. Of note is the fact that the object 

15 switch 216 is called after service plugins 218. This order 

.ensures that the services are all declared. Add.Action 

takes the pointer to those service plugins, and 

AddServicePlugin identifies the compute server executing 

the plugin, its host name, and its port. ObjSw ensures the 

20 GAC 220 may be updated by the object switch with the 

results of the service, once executed. 

Fig. 7 illustrates another embodiment of the inventive 

media manipulator 100. The media manipulator described in 

25 the previous sections was used as an intermediate processor 

between the client 1?6, 116 and. the content provider server 

104. In this alternative embodiment, an additional, 

stripped down tunneler version of the manipulator 100• can 

be used to interact between the .client 106, 116 and the 

30 media manipulator 100 as described previously. These two 

instances of the manipulator 100, 100' can now perform in 

unison to further enhance the user experience. 
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The t,unneler media manipulator 100 1 and the media 

manipulator 100 exchange a compressed format suitable 

for the transmission over a low-bandwidth connection, 

while the tunneler 100' and the browser(client) 

5 exchange information in the client's native format. 

Apart from these, the client 106, 116 can be inside a 

firewall f and still use the services of a main media 

manipulator 100, which may be outside the firewall f. 

The tunneler 100' can also be used to set various 

10 options such as compression quality, specific to the 

client's need. These options are forwarded to the main 

media manipulator 100 along with the client's request. 

The main media manipulator 100 can categorically act on 

both the tunneler's and client's request. 

15 

Apart from compressing images, the tunneler 100' 

and main media manipulator 100 combination can be-used 

to compress the HTML page itself. The HTML page is a 

media, and if the service is available to compress it, 

20 them-script can be modified appropriately to send the 

page to the text-compress-plugin before sending towards 

the client. The tunneler can intercept this and 

decompress the page. 

25 The tunneler 100' has following components of the 

media manipulator: 1) media flow manager 210, 2) media 

parser 212, 3) object switch 216, 4) network access 

layer 214, and 5) service plugin 218. It does not the 

global access cache 220. The service plugin in the 

30 tunneler 100' is the compliment of what is used in the 

media manipulator to decompress the images. 
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While this invention has been particularly shown 

and described with references to preferred embodiments 

thereof, it will be understood by those skilled in the 

5 art that various changes in form and detail may be made 

therein without d~parting from t.he spirit and scope of 

the invention as defined by the appended claims. 
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CLAIMS 
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What is claimed is: 

1. 

2. 

3. 

4. 

A middle-ware computing system comprising: 

a network access system that supports· 

communications with media resources and 

client computers; and 

a media manipulation system that 

operates on media objects received from the 

media resources via•the network access system 

prior to forwarding the media objects to the 

client computers. 

The computing system described in Claim 1, wherein 

the media manipulation system comprises: 

a parser that identifies different media 

types within the media objects; and 

service devices that operate on the 

media types. 

The computing system described in Claim -2, wherein 

the parser searches for images in the media 

objects and service devices include an image 

compressor for performing data compression on the 

images. 

The computing system described in any of Claims 2-

3, wherein the parser searches for executable 

files in the media objects and service devices 

include a virus scanner that searches for computer 

viruses in the files. 
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5. The computing system described in any of Claims 2-

4, wherein the parser searches for images in the 

media objects and service devlces include a 

pornography detector for assessing a probability 

that the images are pornographic. 

6. 

7. 

8. 

9. 

The computing system described in any of Claims 2-

5, wherein the parser searches for data files in 

the media objects and service devices include an 

format converter for changing a format of the data 

files. 

The computing system described in any of Claims 2-

6, wherein the media manipulation system further 

comprises an object switch that passes the media 

types to the service devices to determine 

operations performed on the different media types. 

The computing system described in any of Claims 2-

7, wherein the media manipulation system further 

comprises a media flow manager that reassembles 

the media objects for forwarding to the clients 

after the manipulation of the media types. 

The computing system described in Claim 8, further 

comprising a cache that stores media objects, the 

media flow manager receiving requests for media 

objects and checking for the presence of the med~a 

objects in the cache to preclude obtaining the 

objects from the media resources. 
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10. A middle-ware computing system comprising: 

a network access system that supports 

communications with media resources to obtain 

media objects from client computers; 

a parser that identifies different media 

types within the media objects; 

service devices that manipulate the 

media types; 

an object switch that passes the media 

types to the service devices to determine 

operations performed on the different media 

types; and 

a media flow manager that reassembles 

the media objects for forwarding to the 

15 clients after the manipulation of the media 

types. 

20 

11. The)computing system described in Claim 10, 

further comprising a cache that stores media 

objects, the media flow manager receiving requests 

for media objects and checking for the presence of 

the media objects in the cache to preclude 

obtaining the objects from the media resources. 

25 12. A method for facilitating transmission of media 

30 

35 

objects between media resources and client 

computers, the method comprising: 

receiving requests for media objects 

from the client computers to the media 

resources; 

obtaining the media objects; . 

manipulating the media objects; 

forwarding the manipulated media objects 

to the client computers.· 
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13. The method described in Claim 12, wherein 

manipulating the media objects comprises: 

identifying different media types within' 

the media objects; and 

5 performing separate operations on the 

10 

different media types. 

14. The method described in Claim 13, wherein the step 

of identifying different media types comprises 

searching for images in the media objects and the 

step of performing operations comprises data 

compressing the images. 

15. The method described in any of Claims 13-14, 

15 wherein the step of identifying different media 

types comprises searching for executable files in 

the media objects and the step of performing 

operations comprises scanning the files for 

computer viruses. 

20 

16. The method described in any of Claims 13-15, 

wherein the step of identifying different media 

types comprises searching for images in the media 

objects and the step of performing operations 

25 comprises assessing a probability that.the images 

are pornographic. 

17. The method described in any of Claims 13-16, 

wherein the step of identifying different media 

30 types comprises searching for data files in the 

media objects and the step of performing 

operations changing a format of the data files. 
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18. The method described in any of Claims 13-17, 

further comprising reassembling the media objects 

for forwarding to the clients after the 

manipulation of the media types. 

19. The method described in any of Claims 13-18, 

further comprising routing the media types to form 

successive operations on the media types. 

20. The method described in any of Claims.13-19, 

further comprisi~g caching media. objects that have 

been received from the media resources and later 

obtaining the media ~bjects from the cache. 

21. The method described in Claim 20, wherein the step 

of obtaining the media objects comprises 

requesting the medi.a objects from the media 

resources while checking for the objects in a 

cache; and obtaining the media objects from the 

cache if present. 
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Header 

Version Length Type Message 
Id 

Field Field 

Version 
Length 

4 
Length 4 
Type 4 
Message Id 4 
Src iype 4 

Src Path Len 4 
Src Path 
Desi Type 4 

Dest Path Len 4 

Dest Path 
Dest Param 4 

Header 

Version Length Type 

Field Field 
Length 

Version 4 
Length 4 
Type 4 
Message Id 4 

Reply Code 4 

Dest Type 4 

Dest Path Len 4 

Dest Path 

PCT/US97/10758 

5/8 

Content 

Src Src Src Dest Dest Dest 
Type Path Path Type Path Path 

Len Len 

Description 

Message Version Number. E.g. 0100, implies 1.0 
Length of the content 

Oest 
Param 

Type of the Message: 1-for request, 2-for reply, 3-for error 

Numeric ID of the message assigned by the NAL 

Numeric type of the source image: 1-GIF, 2-JPEG, 3-MM 

Compress Format 1 
Length of the Src Path 
Path where the image is stored. Can be a network path as well. 

Numeric type of the final image: 1-GIF. 2-JP.EG, 3-MM 

Compress Format 1 
Length of the Dest Path 
Path where the final image has to be stored 

Can be used to set an optional parameter 

FIG. 4A 

Content 

Message Reply Dest Type Dest Path 

Id Code Len 

Description 

Message Version Number. E.g. 0100, implies 1.0 

Length of the content 

Dest Path 

Type of the Message: 1-for request, 2-for reply, 3-tor error 

Numeric ID of the message assigned by the NAL 

The success or failure of the service: 1- success, 0- error 

Numeric type of the final image: 1 - GIF, 2 - JPEG, 3 MM 

Compress Format 1 
Length of the Dest Path 
Path where the final image has to be stored 

FIG. 4B 
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Header 

Version Length Type 

Field Field 
Length 

Version 4 
Length 4 
Type 4 
Message Id 4 
Reply Code 4 

Error Code 4 
Error Reason 4 
Len 
Error Reason 

PCT/US97/107S8 

6/8 

Content 

Message Reply Error Error Error 
Id Code Code Reason Reason 

Len 

Description 

Message Version Number. E.g. 0100, implies 1.0 
Length of the content 
Type of the Message: 1-for request, 2 for reply, 3 for error 

Numeric ID of the message assigned by the NAL 
The success or failure of the service: 0-error 
Numeric Error Code assigned by the compute server 

Length of the reason, the next field 

String describing the error 

FIG. 4C 
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EP0949571 

Publication Title: 

Document re-authoring systems and methods for providing device-independent 
access to the world wide web 

Abstract: 

Abstract of EP0949571. 
' 

An automatic re-authoring system and method re-author a document originally 
designed for display on a desktop computer screen for display on a smaller 
display screen, ·such as those· used with a PDA or a cellular telephone. The 
automatic re-authoring system and method input a document to be re-authored 
and re-authoring parameters, such as display screen size, default font and the 
like. The automatic re-authoring system and method convert the document into a 
number of pages, where each page is· fully displayable with only at most a 
minimal amount of scrolling on the display screen of the PDA or cellular phone. 
At each stage of the re-authoring, a number of different transformations are 
applied to the original document or a selected re-authored page. The selected 
re-authored page is the best page resulting from the previous re-authoring stage. 
The best page at each stage is determined based on the re-authoring 
parameters and the content of the document being re-authored. 
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Description 

[0001] This invention is directed to document re-authoring systems and methods that automatically re-author arbitrary 
documents from the world-wide web to display the documents appropriately on small screen devices, such as personal 

5 digital assistants (PDAs) and cellular phones, providing device-independent access to the web. 
[0002] Access to world-wide web documents from personal electronic devices has been demonstrated in research 
projects such as those described in J. Bartlett, 'Experience with a Wireless World Wide Web Client•, IEEE COMPCON 
95, San Francisco, CA, March 1995; S. Gessler et al, "PDAs as Mobile WWW Browsers", Second International World 
Wide Web Conference. Chicago, IL, October 1994; G. Voelker et al., "Mobisaic: An Information System for a Mobile 

10 Wireless Computing Environment•, Workshop on Mobile Computing Systems and Applications. Santa Cruz, CA, De
cember 1994; and T. Watson, 'Application Design for Wireless Computing', 1994 Mobile Computing Systems and 
Applications Workshop Position Paper, August 1994. Such access is now a commercial reality. General Magic's Presto! 
Links for Sony's MagicLink, and AIIPen's NetHopper for the Newton and Sharp's Ml-10 all provide WWW browsers for. 
PDA class devices, while the Nokia 9000 Communicator and Samsung's Duett provide. web access capabilities from 

15 cellular phones. 

(0003] Unfortunately, most documents on the world-wide web and other distributed.networks are designed for display 
on desktop computers with color monitors. having at least 640x480 resolution. Many pages are designed with even 
larger resolution monitors in mind. In contrast, most PDA class devices and cellular phone displays are much smaller. 
This difference in display area can lead to a ratio of designed vs. available display area from 4-to-1 to 100-to-1, or 

20 greater, making direct presentation of most worldwide web documents on these small devices aesthetically unpleasant, 
un-navigable, and in the worst case, completely undecipherable. This presents a central problem in accessing world
wide web pages using these small devices: how to display arbitrary web documents, such as HTML documents, that 
have been designed for desktop systems on personal electronic devices that have much more limited display capa
bilities. 

25 [0004] Technologies already provide computational mobility and wireless connectivity, but the standard solutions to 
viewing documents .and web pages on tiny screens are to either increase the screen resolution, which is great if the 
user happens to carry a magnifying glass, or to provide the ability to FAX or print to a local hardcopy device, which is 
both inconvenient and contradicts the rationale for having electronic documents in the first place. There are five general 
approaches to displaying web documents on small screen devices: device-specific authoring; multiple-device author-

30 ing; client-side navigation; automatic re-authoring; and web page filtering. Device-specific authoring involves authoring 
a set of web documents for a particular display device, such as, for example, a cellular phone outfitted with a display 
and communications software, such as the Nokia 9000. The basic philosophy in this approach is that users of such 
specialty devices will only have access to a select set of services. Thus, the document for these services must be 
designed up-front for the accessing device's particular display system. Information may be provided from the distributed 

35 network at large, but the desired pages must be pre-defined, and custom information extraction and page formatting 
software must be written to deliver the information to the small device. This is the approach taken in Unwired Planet's 
UP.Link service, which uses a proprietary mark-up language (HDML). 
[0005] In multiple-device authoring, a range of target devices is identified. Then, mappings from a single source 
document to a set of rendered documents are defined to cover the devices within the identified range. One example 

40 of this is the Stretch Text approach discussed in I. Cooper et al., 'PDA Web Browsers: Implementation Issues' University 
of Kent at Canterbury Computing Laboratory WWW Page, November 1995. In StretchText, portions of the document, 
potentially down to the word level, can be tagged with a 'level of abstraction' measure. Upori receiving the document, 
users can specify the level of abstraction they wish to view and are presented with the corresponding detail or lack of 
detail. 

45 (0006] Another example of multiple-device authoring is HTML cascading style sheets (CSS), as described in H. Lie 
et al. •cascading Style Sheets', WWW Consortium, September 1996. In cascading style sheets, a single style sheet 
defines a set of display attributes for different structural portions of a document. For example, all top-level section 
headings can be defined to be displayed in red 18-point Times font. A series of style sheets may be attached to a 
document, each with a weight describing that style sheet's desirability to the document's author. The user can also 

so specify a default style sheet. The browser used by the user to access the distributed network can also define a "default' 
style sheet. Although the author's style sheets normally override the user's style sheets, the user can selectively enable 
or disable the author's style sheets, providing the user with the ability to tailor the rendering of the document to the 
user's particular display. 
[0007] In client-side navigation, the user is given the ability to interactively navigate within a single web page by 

55 altering the portion of the single web page that is displayed at any given time. A very trivial example of this is the use 
of scroll bars in the document display area. A much more sophisticated approach is that taken in the PAD++ system, 
as described in B. Bederson et al., 'Pad++: A Zooming Graphical Interface for Exploring Alternate Interface Physics', 
Proceedings of ACM UIST '94, ACM Press, 1994, in which the user is free to zoom and pan the device display over 
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the document with infinite resolution. Active Outlining, as described in J. Hsu et al., 'Active Outlining for HTML Docu
ments: An X-Mosaic Implementation', Second International World Wide Web Conference, Chicago, IL, October 1994, 
has also been implemented as a client-side navigation technique, in which the user can dynamically expand and col
lapse sections of the document under the respective section headings. Other techniques that fall into this category 

5 include semi-transparent widgets, as described in T. Kamba et al., 'Using small screen space more efficiently', Pro
ceedings, Computer-Human Interactions: CHI 96, Vancouver, BC, Canada, April 1996, and the Magic Lens system, 
as described in E. Bier et al., 'Toolglass and Magic Lenses: The See-through Interface', SIGGRAPH '93 Conference 
Proceedings 1993. 
[0008] Automatic document re-authoring involves developing software that can take an arbitrary document, such as 

10 an HTML document, designed to be displayed on a desktop-sized monitor, along with characteristics of the target 
display device, and re-author the arbitrary document through a series of transformations, so that the arbitrary document 
can be appropriately displayed on the target display device. This process can be performed either by the client, by the 
server, or by an intermediary proxy server, such as an HTTP proxy server , that exists solely to provide these trans
formation services. An example of this latter approach is the UC Berkeley Pythia proxy server, as described in A. Fox 

15 et al., "Reducing WWW Latency and Bandwidth Requirements by Real-Time Distillation•, Fifth International World Wide 
Web Conference, Paris, France, May 1996, which performs transformations on web page images. However, the focus 
of the Pythia proxy server is solely on minimizing page retrieval time. Spyglass Prism is a commercial product that 
performs automatic re-authoring of HTML documents using fixed transformations associated with page tags or em
bedded object types. For example, Prism will reduce all JPEG images by 50%. 

20 [0009] Finally, web page filtering lets a user see only those portions of a page that user is interested in. Filtering may 
be performed on an intermediate server, such as an HTTP proxy server, to conserve wireless bandwidth and device 
memory. However, filtering could also be performed by the client device as a display-management technique. Filter 
specifications can be based on keyword or regular expression matching, or on page structure navigation and extraction 
commands. Filtering can be either specified using visual tools or using a scripting language. 

25 [0010] Each of the five approaches, device-specific authoring, multiple-device authoring, client-side navigation, au
tomatic re-authoring and web page filtering, has specific benefits and drawbacks. Device-specific authoring will typically 
yield the best-looking results due to the direct involvement of human designer. However, device-specific authoring 
limits the user's access to a small, select set of documents that have been authored for that specific device. Multiple
device authoring, while requiring less total effort per document than device-specific authoring, still requires significantly 

JO more manual design work than simply authoring a single version of a document for a single desktop platform. Client
side navigation will work well ii a good set of viewing techniques can be developed. However, client-side navigation 
requires that the entire document be delivered to the client device at once, which may waste valuable wireless band
width and memory. Furthermore, tt'ie 'peephole' approach taken in PAD++ seems very awkward to use for large doc
uments, and the active outlining technique has limited applicability, as most web pages do not use a strict section/sub-

35 section organization, or use that organization incorrectly. 
[0011) Automatic re-authoring is thus the ideal approach to providing broad access to web documents or other web 
content from a wide range of devi_ces, if automatic re-authoring can be made to produce legible, naviga~le and aes
thetically pleasing re-authored documents without loss of information. 
(0012] This invention provides systems and methods that automatically re-author documents designed for a larger 

40 display area for display on a smaller display area. 
[0013] This invention separately provides systems and methods that automatically transform a document into a plu
rality of linked subdocuments, where each subdocument requires less display area. 
[0014) This invention separately provides systems and methods that automatically apply a plurality of different trans
forms to an original document to generate a plurality of sets of linked subdocuments. 

45 [0015] This invention further provides systems and methods that automatically apply the plurality of different trans
forms to at least one of the plurality of sets of linked subdocuments to generate additional linked subdocuments. 
[0016] This invention further provides systems and methods that analyze a main subdocument of each set of linked 
subdocuments to determine a best one of the main subdocuments. 
(0017) This invention additionally provides systems and methods that determine if the best main subdocument can 

50 be displayed in the smaller display area, and if not, that apply further transforms to that main subdocument to further 
reduce the required display area. 
(0018) This invention separately provides systems and methods that filter a document to extract a desired portion 
of the document that is displayable in a smaller display area. 
(0019) This invention separately provides systems and methods that filter a document to extract a described portion 

55 based on a predefined script. 
[0020] This invention separately provides systems and methods that generate scripts usable to filter a document to 
extract a desired portion. 
[0021) This invention separately provides a scripting language usable to write scripts for filtering a document to 
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extract a desired portion. 
[0022) In one exemplary embodiment, the document re-authoring systems and methods of this invention are imple
mented on an HTTP proxy that dynamically re-authors requested web pages using a heuristic planning technique and 
a set of structural page transformations to achieve the best-looking document for a given display size. The automatic 
document re-authoring according to the systems and methods of this invention can be pertormed either by the client, 
by the server, or, in one exemplary embodiment, by an intermediary H.TTP proxy server that exists solely to provide 
these transformation services. Additionally, the automatic document re-authoring systems and methods according to 
this invention can be pertormed on a combination of these devices. 
[0023) The automatic document re-authoring systems and meth!)ds of this invention work well with displays found 
in PDAs. However, when the document re-authoring systems and methods of this invention are applied to the very 
limited displays found on current cellular phones, the document re-authoring systems and methods of this invention 
sometimes produces pages that are difficult to navigate. When accessing a distributed network, such as the Internet 
or an intranet, from a cellular phone, most users are mainly interested in accessing very specific information. The 
document filtering systems and methods of this invention provide those users with manual control in defining the in
formation they would like to be displayed. The document filtering systems and methods of this invention return only a 
small portion of a page that is easily navigable. The document filtering systems and methods of this invention are ideal 
in those situations in which the user is monitoring a particular page whose layout is fixed but whose content is changing, 
since those users can tune tho filters to tho format of the page. 
[0024) The automatic document re-authoring and document filtering systems and methods of this invention provide 
an automatic document re-authoring capability coupled with document filtering to provide access to arbitrary documents 
on a distributed network, such as the l~ternet or an intranet, to devices with limited communications bandwidth and 
small displays. 
[0025) The automatic document re-authoring and document filtering systems and methods ofthis invention intercept 
requests for documents from a distributed network and return re-authored versions of the requested documents rather 
than the original requested documents. 
(0026) In the larger context of mobile and ubiquitous computing, the automatic document re-authoring and document 
filtering systems and methods of this invention provide a key technology for giving users view-mobility over platforms. 
(0027] These and other features and advantages of this invention are described in or are apparent from the following 
detailed description of the preferred embodiments. 
[0028) The preferred embodiments of this invention will be described in detail, with reference to the following figures, 
wherein: 

Fig. 1 illustrates re-authoring of a document into a section list page and a number of section pages according to 
one exemplary embodiment of the document re-authoring systems and methods of this invention; 
Fig. 2 illustrates a layout table that can be re-authored into a plurality of linked cells according to one exemplary 
embodiment of the document re-authoring systems and methods of this invention; 
Fig. 3 illustrates how a document can be re-authored into different re-authored states based on applying different 
transformations according to one exemplary embodiment of the re-authoring systems and methods of this inven
tion; 
Fig. 4 illustrates one exemplary embodiment of a control form for supplying display information to the HTTP proxy 
server according to the document re-authoring system and method of this invention; 
Fig. 5 illustrates one exemplary embodiment of re-authoring an exemplary document according to the document 
re-authoring systems and methods of this invention; 
Fig. 6 is a block diagram outlining one exemplary embodiment of the invention in which the document re-authoring 
systems and methods of this invention are used; 
Fig. 7 is a block diagram outlining one exemplary embodiment of the document flow in the document re-authoring 
systems and methods of this invention; 
Fig. 8 is a functional block diagram outlining one exemplary embodiment of a document re-authoring system ac
cording to this invention; 
Fig. 9 is one exemplary embodiment of the document version search space of the document re-authoring systems 
and methods of this invention; 
Fig. 10 is one exemplary embodiment of an image and the abstract syntax tree generated from that image according 
to this invention; 
Figs. 11A and 11B outline one exemplary embodiment of a method for document re:authoring according to this 
invention; 
Fig. 12 is one exemplary embodiment of a method for performing elision transformation according to this invention; 
Fig. 13 is one exemplary embodiment of a method for performing table transformation according to this invention; 
Fig. 14 is one exemplary embodiment of a method for pertorming image reduction transformation according to this 
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invention; 

Fig. 15 is a functional block diagram outlining one exemplary embodiment of a document re-authoring system 600 
of this invention including the document filtering according to this invention; 

Fig. 16 is one exemplary embodiment of the document flow during document filtering and re-authoring according 
5 to this invention; 

10 

Fig. 17 shows an exemplary embodiment of using the document filtering systems and methods of this invention 

to navigate within the abstract syntax tree generated from the image shown in Fig. 10; and 
Fig. 18 illustrates further navigation within the abstract syntax tree of Fig. 10 according to the document filtering 
systems and methods of this invention. · 

[0029] In the following discussion of the document re-authoring and document filtering systems and methods of this 
invention, the terms 'web page', 'web document• and 'document' are intended to encompass any set of information 

retrieved as a single entity from a distributed network, such as an intranet, the Internet, the World Wide Web portion 

of the Internet or any other known or later developed distributed network. This information can include text strings, 
15 images, tables of text strings and images, links to other web pages and formatting information that defines the layout 

of the teX1 strings, images, tables and links within the web page. 

[0030] There. are many possible automatic document re-authoring techniques, which can be categorized along two 

dimensions: syntactic vs. semantic techniques and transformation vs. elision techniques. Syntactic techniques operate 

on the structure of the document, while semantic techniques rely on some understanding of the content. Elision tech· 
20 niques basically remove some information, leaving everything else untouched, while transformation techniques involve 

modifying some aspect of the document's presentation or content. Table 1 illustrates these dimensions, along with 
examples of each category: 

25 

30 

TABLE 1 

Examples of different types of automatic document re-authoring techniques 

Elide Transform 

Syntactic Section Outlining Image Reduction 

Semantic Removing Irrelevant Content Text Summarizing 

[0031) In order to gain an understanding of the processes required by an automated document re-authoring system, 

a study was conducted to assess the characteristics of typical web pages, and to identify candidate re-authoring tech
niques through the process of re-authoring several web pages by hand. 

35 [0032] A collection of'typical' web pages, the Xerox Corporate web site, was initially selected to focus the study. This 
collect.ion of 3,188 web pages is representative of a state-of-the-art, professionally-designed web site. A variety of 

statistics were collected on these pages using a web crawler, to help gain an understanding of the structure and content 
of a typical page. These statistics generally agree with other, larger-scale studies that have been performed across 

the entire web. 

4o [0033] NeX1, a subset of the pages in the Xerox web site was selected for manual re-authoring. A set of pages from 
the Xerox 1995 Annual Report was selected and converted by hand for display on a Sharp Zaurus PDA with a 320x240 
pixel screen. Detailed notes were kept of the design strategies and techniques used. 

. 45 

Some of the design heuristics learned during this process were: 

[0034] Keeping at least some of the original images is important to maintain the look and feel of the original document. 

Common techniques include keeping only the first image, or keeping only the first and last images, i.e., the bookend 
images, and eliding the rest. 

[0035) Section headers, i.e., the H1 HS tags in HTML, are not often used correctly. The section headers are more 

50 frequently used to achieve a particular font size and style, such as, for example, bold, if the section headers are used 

at all. Thus, the section headers cannot be relied upon to provide a structural outline for most documents. Instead, 
documents with many text blocks can be reduced by replacing each tex1 block with the first sentence or phrase of each 
block, i.e., first sentence elision. 

[0036) An initial rule of thumb for images is to reduce all images in size by a standard percentage, dictated by the 

55 ratio of the display area that the document was authored for to the display area of the target device. However, images 

which contain teX1 or numbers can only be reduced by a small amount before their contents become illegible. 

[0037] Semantic elision can be performed on sidebars that present information which is tangential to the main con
cepts presented in a page. Many of the Xerox pages had such sidebars, which were simply eliminated in the reduced 
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versions. 
[0038) Semantic elision· can also be performed on images that do not contribute any information to the page, but 
serve only to improve its aesthetics. 
[0039) Pages can be categorized, and then re-authored based on their category. Two examples of these are banners 

s and link tables. Banners primarily contain a set of images and a small number of navigation links, often only one, that 
serve to establish an aesthetic look, but contain little or no content. When space is at a premium, these can usually 
be omitted entirely. Link table pages are primarily sets of hypertext links to other pages, and thus contain very little 
additional content These link table pages can usually be re-formatted into a more compact form that just lists the links 
in a text block. 

10 [0040) Whitespace, which is taken for granted on a large display, is at a premium on small devices. Several techniques 
were discovered for reducing the amount of whitespace in a page. Sequences of paragraphs, i.e., HTML •p• tags, or 
breaks, i.e., HTML "BR' tags, can be collapsed into one such paragraph or break. Lists, i.e., HTML 'UL', 'OL', and/or 
'DL • tags, take up valuable h(?rizontal space with their indenting and bullets. These lists can be re-formatted into simple 
text blocks with breaks between successive items, as described in Cooper et al. 

1s [0041) In conclusion, to perform document re-authoring two things are required: a set of re-authoring techniques, i. 
e., a set of page transformations, and a strategy for applying the page transformations. Of the techniques used in the 
manual re-authoring study, those most amenable to codification were the syntactic elision techniques, including section 
outlining, first sentence elision, and image elision, and the syntactic transformation techniques, including image size 
reduction and font size reduction. T_he design strategy learned during the study included a ranking of the transformation 

20 techniques, i.e., try this before that, and a set of conditions under which each transformation or combination of trans
formations should be applied. 
[0042] Following the results of the study discussed above, there are two major elements to the document re-authoring 
systems and methods of this invention: a collection of individual re-authoring techniques that transform documents in 
various ways; and automated document re-authoring systems and methods that implement a design strategy by se-

2s lecting the best combination of techniques for a given documenVdisplay size pair. 
[0043) The Section Header Outlining transform provide a very good method for reducing the required display size 
for structured documents, such as technical papers and reports. The outlining process is shown in Fig. 1 
[0044] As shown in Fig. 1, the document 100 is converted into a list of sections page 110 and each section is elided 
into a page 111. That is, the contents 106 of each section 102 of the document 100 is elided from the document 100 

30 and each section header 104 is converted into a hypertext link. When the hypertext link for any section is selected, the 
corresponding page 111 of elided content is loaded into the browser. When confronted with multiple section levels 
(sections, sub-sections, sub-subsections, etc.), there are two approaches to performing the elision. The first approach 
is full outlining, which works by keeping only the section headers and eliding all content, with the results looking like a 
table of contents for a book. The second approach is to-level outlining. In the to-level outlining, a cutoff level in the 

35 section hierarchy is determined and all content below that level, including lower-level section headers, is elided, but 
all content above that level is kept. 
[0045) Since most pages have text blocks, even when no section headers are present, the First Sentence Elision 
transform can be a good way of reducing required screen area. In this technique, each text block is replaced with its 
first sentence, or, alternatively, its first phrase up to some natural break point. This first sentence or phrase is also made 

40 into a hypertext link to the original text block. 
(0046) The Indexed Segment transform first attempts to find page elements that can logically be partitioned, such 
as ordered or unordered lists, sequences of paragraphs on tables. This transform takes an input page, segments the 
content into sub-pages by allocating some number of items to each, and builds and prepends an index page to the 
collection of sub-pages. The Indexed Segment transform then starts filling output pages with these elements in order 

45 until each page is 'full' relative to the client's display size. If a single logical element cannot fit on a single output page, 
then the Indexed Segment transform performs a secondary partitioning that partitions text blocks on paragraph or 
sentence boundaries. 
[0047] In the Indexed Segment transform, as much style information as possible is retained for the output elements, 
by outputting each element embedded within all of its ancestor partitions' HTML tags. The Indexed Segment transform 

so then constructs an index page by copying a section header or firs! sentence from each element to be output, concate
nating the copied portion onto an index page, and creating a hypertext link from each copied portion to the appropriate 
sub-page. It should be appreciated that the index page itself may also need to be segmented. In the Indexed Segment 
transform, 'Next' and 'Previous~ navigation links between sequential sub-pages are also added for navigational con
venience. 

55 (0048) The Table transform recognizes when a table, i.e., the presentation of information arranged in a rectangular 
grid, on a page cannot be directly sent to the client. In these cases, the Table transform generates one sub-page per 
table cell, using a top-down, left-to-right order. Tables nested within tables are processed in the same manner. The 
Table transform uses heuristics to determine when table columns are being used as 'navigational sidebars,' which is 
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a common practice in commercial HTML web pages. In this case, the Table transform moves these cells to the end of 
the list of sub-pages, as these cells tend to carry very little content. . 
[0049] Fig. 2 shows a nested table, marking tables w~h thicker borders than table cells. In the table 120 show in Fig. 
2, the cell 122 is identified a as sidebar and will be placed after the cell 128. All of the other cells are placed in their 

5 natural order. The six portions of the cell 124, such as the subcells 125 and 126, are each placed in their own sub· 
page between the subpages containing the subcells 123 and 127, unless they contain only whitespace. 
[0050] As one can see from the example, nested tables and sidebars complicate the processing of tables. This is 
especially true if the sidebar is part of an inner table. In that situation, the sidebar should be moved to the end of the 
inner table, rather than to the end of any surrounding tables. In one exemplary embodiment of the document re-au· 

10 !haring systems and methods of this inventory, the sidebars are moved one table at a time and then all table cells are 
processed at once, rather than grouping the cells by table. 
[0051] Images present one of the most difficult problems for automatic document re-authoring, because the decision 
of whether to keep, reduce, or eliminate a given image should be based on an understanding of the content and role 
of the image on the page. However, Image Reduction transforms and Image Elision transforms can be applied without 

15 content understanding, as long as users are provided a mechanism by which the users can retrieve the original images. 
In one exemplary embodiment of the systems and methods of this invention, the Image Reduction transform reduces 
all images in a page by one of a set of pre-defined scaling factors, such as 25%, 50%, and 75%, and making the 
reduced images into hypertext links that link the reduced images back to the original images. 
[0052] In addition to_ the Image Reduction transform, three Syntactic Elision transforms have also been developed 

20 for image, the Elide All transform, the First Image Only transform, and the Bookends transform. In the Elide All transform, 
all images are elided from the document. In the First Image Only transform, all but the first image are elided from the 
document. In the Bookends transform, all but the first and last images are elided from the document. The elided images 
are each replaced with their HTML 'ALT' text when it is available. Alternatively, the elided images are each replaced 
with a standard icon when no ALT text is available. The ALT text or standard icon for each elided image is also made 

25 into a hypertext link to that original image. 
[0053] In one exemplary embodiment of the document re-authoring systems and methods of this inventory if screen 
space is too limited or the client device cannot display images, the images are removed from the document. However, 
the removed images may be used as anchors for hypertext links via a client-side image map. It should also be appre
ciated that if such images are removed, the web site represented by the HTML document can be rendered non-navi-

30 gable. To accommodate this, in one exemplary embodiment of the document re-authoring systems and methods of 
this inventory, a transform that extracts the hypertext links from such images and formats them into a text list of link 
anchors is used. The labels for the text list are extracted from the HTML "ALT" tags of the image map, if present, or 
from part of the Uniform Resource Locator of the link. This transformation preserves links attached to images for 
navigation when removing the images. 

35 [0054] The OV!;Jrall process of deciding which combination of transforms to apply to a given page for a given client 
display seems at first to require some form of human artistic ability. However, the automatic document re-authoring 
systems and methods of this invention capture many of the heuristics used in the manual re-authoring exercise, and 
do a fairly good job of producing good-looking pages for a given display. 
[0055] Individual page transformations are ordered by their desirability. In order to determine which combination of 

40 transformations should be ·applied to a given document, the document re-authoring systems and methods of this in
vention performs a depth-first search of the document transformation space, using many heuristics that describe pre
conditions for transformations and combinations of transformations. The depth-first search ensures that a 'good 
enough' version of the document is found by using a combination of the most desirable transformations. Only if the 
more desirable transformations are not applicable or do not reduce the document enough, are the less favored trans-

45 formations used. 
[0056] The document re-authoring systems and methods of this invention search a document transformation space 
in a best-first manner. Each state in this search space represents a version of the document, with the initial state 
representing the original 'as-authored' document. Each state is tagged with a number representing a measure of merit 
that represents the quality of the document version at that state. The measure of merit, i.e., the evaluation function or 

50 value, for each state is a rough estimate of the screen area required to display the entire document as that document 
exists in that state. A state can be expanded into a successor state by applying a single transformation technique to 
the re-authored document as it exists in that state. 
[0057] At every step in the search process, the most-promising state of the document, i.e., the state with the smallest 
current display area requirements, is selected and a transformation is applied to transform the document from its current 

55 state to a more promising state of the document, if possible. As soon as a state is created that contains a document 
version that is 'good enough', the search can be halted and that version of the document is returned to the client device 
for rendering. Alternatively, the search is continued until all content of the original page is contained or represented in 
a set of good-enough subpages. If the search is exhausted and no document version can be found that is good enough, 
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then the best document found during the search is returned to the client device for rendering. If there are hard size 
constraints that are not met by the best document, a more destructive transformation is applied that breaks documents 

. up in the middle of paragraphs. 
[0058) Fig. 3 shows how different transformations applied to a document 200 result in different resulting re-authored 

5 sub-pages 210, 220 and 230. Depending on the information supplied by the user to the systems and methods of this 
invention, one of the sub-pages 210, 220 and 230 would be selected as the 'best' re-authored page. Then, if further 
re-authoring is required, for example, to generate good-enough subpages for the content removed from the first sub
page, or if the best sub-page is not yet 'good enough", additional transformations could be applied to the subpages 
resulting from the selected best re-authored sub-page 210, 220 or 230 or to further re-author the selected best re-

,o authored subpage 210, 220 or 230. 
[0059) Heuristic information is used in several places by the document re-authoring systems and methods according 
to this invention, including: the order in which various transformation techniques are applied to a given state; the pre
conditions for each transformation technique; and the determination of when a document version or subpage is 'good 
enough'. In general, transformations which make minor changes to the document are preferred over those which make 

15 more extensive changes. For example, reducing images by 25% is preferable to reducing the images by 75%. 
[0060) The pre-conditions for each transformation technique specify the other transformations with which that trans
formation can be combined. For example, it makes no sense to apply both full outlining and first sentence elision to 
the same document. The pre-conditions also specify the requirements on the content and structure of the document 
that the technique is being applied to. For example, the Full Outlining transform should be applied only when there are 

20 at least three section headers in the document or sub-page being re-authored. The current condition for 'good enough' 
is fairly simplistic. That is, the search is stopped when the area required by a document or sub-page is a predetermined 
multiple of the screen area of the client display. In general, this predetermined multiple is greater than I, and, in one 
exemplary embodiment, is 2.5. This higher multiple merely assumes that the user doesn't mind scrolling the display a 
little in one direction. 

25 [0061] When a transformation is applied to a document it can result in the document's contents being split into mul
tiple, smaller 'sub-pages', as shown in Fig. 2. However, each-of these sub-pages may still be too large to download 
and display on the client. To address this problem, the document re-authoring systems and methods of this invention 
keep a list of the sub-pages generated by each sequence of transformations attached to the state representing the 
resulting document version. Once the good-enough version of the document is selected, which is really only a good-

30 enough version of. the first sub-page delivered to the client, the list of generated sub-pages for that version is added 
to a global list of pages to be re-authored. The document re-authoring systems and methods of this invention then re
author each of these to-be-re-authored pages until all of the resulting sub-pages can be delivered to the client. This 
procedure is shown in pseudocode below, where 'reauthor" refers to the best-first re-authoring process described 
above for a single input page. 

35 

40 

45 

50 

55 

Digestor{ initial_page) 
to_be_reauthored = { initial_pagc} 
to_ deliver = (} 
while(to_be_reauthorcd != {}) 

next_page = pop(to_be_reauthorcd) 
best_ vemon_state == reauthor(next_page) 
to_ delivcr.append(best_ version_state.pagc) 
to_ be _reauthorcd.append(best_ version_ state.sub _pages) 

return to_ deliver 

(0062] All re-authored sub-pages are cached as transformed parse trees. As the user navigates a transformed doc
ument and requests subpages, the corresponding parse trees are rendered and sent to the client. 
(0063] The document re-authoring systems and methods of this invention re-author document by first parsing the 
document and constructing a parse tree or abstract syntax tree (AST) representation of the document. The document 
re-authoring systems and methods of this invention then apply a series of transformations to the parse tree. Then, the 
document re-authoring systems and methods of this invention map each resulting transformed parse tree back into a 
document representation. which may be in a document format that is different from the input format of the original 
document. 
[0064) Document transforms are implemented using a standard procedure that includes a condition function that 
takes a state node in the document version space and returns true tt the transform should be applied to the state, and 
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an action function that is called when the transform is actually applied to a state to produce a new state containing a 
new document version, a new measure of quality, and the resulting sub-pages. Three types of transforms can be 
defined-1) those which are always run on a page before the planning process starts; 2) those used in the best-first 
planning process; and 3) those which are always run on a page before it translated from the final abstract syntax tree 

5 back into a surface form such as HTML. 
[0065] Transformations manipulate the parse tree, in the state they are applied to, in order to produce a new version 
of the document. The manipulations are similar to those described in S. Bonhomme et al., 'Interactively Restructuring 
HTML Documents", Fifth International World Wide Web Conference, Paris, France, May 1996. Whenever portions 
ofthe parse tree are elided or transformed, an HTML hypertext link is added into the parse tree to reference the node 

10 identifiers of all affected parse tree subtrees, enabling users to request the original portions of the document that have 
been modified during re-authoring. 
[0066) The document re-authoring systems and methods of this invention also keep track of which combinations of 
transforms have already been tried, via a global list of transform sets, assuming that all transformations are commu
tative, to ensure that no duplicate states are ever constructed. 

15 [0067] One exemplary document re-authoring system and method according to this invention, as described above, 
has been implemented as an HTTP proxy server. The HTTP proxy server accepts a request for an HTML document, 
retrieves the document from the specified HTTP server, parses the HTML document, constructs the parse tree, or 
abstract syntax tree, from the retrieved HTML document, labels each of the parse tree nodes with a unique identifier, 
and then retrieves any embedded images so that the size of the retrieved images can be determined, as necessary. 

20 Once this has been accomplished, the document re-authoring systems and methods of this invention are initialized 
with a state containing the parse tree for the original retrieved document. During each re-authoring cycle, the document 
re-authorinf;! systems and methods of this invention select the state with the best document version so far, then select 
the best applicable transformation technique and apply the selected transformation, resulting in a new state and a new 
document version being generated. It is assumed that the convolution of transformations is always commutative, and 

25 several checks are used by the re-authoring software systems and methods of this invention to ensure that redundant 
states are not constructed. · 
[0068] In one exemplary embodiment of the document re-authoring systems and methods of this invention, fifteen 
transformation techniques were implemented: FullOutline, Outline ToH1, Outline ToH2, Outline ToH3, Outline ToH4, 
Outline ToHS, Outline ToH6, FirstsentenceElision, Reducelmages25%, Reducelmages50%, Reducelmages75%, 

30 ElideAlllnmges, FirstlmageOnly, Bookendlmages, and ReduceFontSize. 
[0069) This exemplary embodiment of the document re-authoring systems and methods of this invention has been 
implemented in the Java programming language. In addition to functioning as a true proxy server, this HTTP proxy 
server system can also respond to requests for certain uniform resource locators with documents generated by the 
HTTP proxy server itself. This is used to provide the user with forms-based control over the HTTP proxy server and 

35 the document re-authoring systems and methods. This exemplary embodiment of the document re-authoring system 
can process even very compex pages in less than 2 seconds on a 200Mhz Pentium, using Symantec's Java JIT com
piler. 
[0070) The first thing that a user of the document re-authoring software systems and methods of this invention must 
do is specify the size of display for the device being used and indicate the font size of the default browser font being 

40 used. This information is needed in order to estimate the screen area requirements of text blocks. To do this, the user 
requests a specific control uniform resource locator from the HTTP proxy server, resulting in delivery of the form 300 
shown in Fig. 4. 
[0071) Once a user has configured the document re-authoring system, the user can start retrieving documents from 
a distributed network, such as the World Wide Web. The original page 400 and the re-authored page 410 shown in 

45 Fig. 5 illustrate the re-authoring capability of the document re-authoring systems and methods of this invention. In this 
example, this exemplary embodiment of the document re-authoring systems and methods of this invention chose to 
use 25% image reduction in combination with first sentence elision to render the displayed page 410 from the original 
page 400. The re-authored page 410 is then displayed on a browser window 420. In this exemplary embodiment of 
the re-authoring systems and methods of this invention, immediately following retrieval of a page, the user can request 

so a trace of the re-authoring session to determine which transformations had been applied, by requesting another control 
uniform resource locator from the HTTP proxy server. 
[0072] Fig. 6 shows one exemplary embodiment of an environment 500 in which the automatic document re-authoring 
systems and methods and/or the automatic document filtering systems and methods of this invention will be imple
mented. As shown in Fig. 6, the environment 500 includes a limited display area device 510 that has a display having 

55 a display area that is significantly limited relative to the display area of a monitor for a desktop or a laptop computer. 
As shown in Fig. 6, the environment 500 further includes a transmitter/receiver communication system 550, a host 
node 570 of a distributed network and the remaining portions 590 of the distributed network. 
[0073) In the environment 500, the limited display area device 510 will normally be a personal digital assistance 
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(PDA}, a cellular phone or the like that is connected by a wireless communication channel 530 to the transmitter/ 
receiver communication system 550. Thus, as shown in Fig. 6, the limited display area device 510 will normally include 
an antenna 520, while the transmitter/receiver communication system 550 will normally include a corresponding an
tenna 540. The limited display area device 510 will normally communicate with the transmi1ter/recciver communication 

5 system 550 over the wireless communications channel 530 using radio frequ~ncy signals transmitted between the 
antennas 520 and 540. 
[0074) The transmitter/receiver communication system 550 converts the analog or digital signals received from the 
limited display area device 510 over the communications channel 530 in to a form usable by the host node 570 of the 
distributed network. The transmitter/receiver communication system 550 then outputs the signals received over the 

10 communications channel 530 over a communication link 560 to the host node 570 of the distributed network. It should 
be appreciated that the commun_ication link 560 can be any known or later-developed communication structure capable 
of transmitting the appropriate signals between the transmi11er/receiver communication system 550 and the host node 
of the distributed network 570. Because the exact structure of the transmitter/receiver communication system 550 and 
the communication link 560 will be a matter of design choice depending upon how these elements are implemented, 

15 but such design choices will be readily apparent and predictable to those of ordinary skill in the art, these elements 
will not be further described. 
[0075) It should also be appreciated that the limited display area device 510 can also be connected to the host node 
570 of the distributed network by other than the wireless communication channel 530, such as a communication link 
522. That is, the communication link 522 could.be any other known communications structure, such as a local area 

20 network, a wide area network, a modem connection over the public switched telephone network or a cable television 
system, or the like. For example, the user of the limited display area device 510, rather than communicating over the 
wireless communication channel 530, could connect the limited display area device 510 to the public switch telephone 
network using amodem.'The user would then dial directly into the host node 570 of the distributed network. 
[0076) Regardless of how the host node 570 of the distributed network is ultimately connected to the limited display 

25 area device 510, once the host node 570 of the distributed network receives a request for a document to be transmi11ed 
to the limited display area device 510, the host node 570 of the distributed network first determines if the requested 
document is located locally on the host node 570 of the distributed network. If the requested document is not located 
locally, the host node 570 of the distributed network communicates over a communication structure 580 to the remaining 
portions 590 of the distributed network to request the document. The particular node of the remaining portions 590 of 

30 the distributed network storing that document ultimately will receive the requesi from the host node 570 over the com
munication structure 580 and will return the requested document to the host node 570 over the communication structure 
580. It should be appreciated that the communication structure 580 can be any known or later-developed communi
cation structure and prot_ocol system for lihking together widely located nodes of a distributed network. 
[0077) Once the host node 570 of the distributed network receives the requested document, an HTTP proxy server 

35 executing on the host node 570 of the distributed network re-authors the requested document based on the previously
provided information about the limited display area device 510. A first re-authored page is ther transmitted by the host 
node 570 over either the wireless communication link 530 or the communication link 522 to the limited display area 
device 510. As the user reviews the delivered page, the user may determine that viewing additional information removed 
from the re-authored page is required. In this case, the user will send a request over one of the wireless communication 

40 link.530 or the communication link 522 to the host node 570 of the distributed network to obtain the desired re-authored 
sub-page. The host node 570, in response to this request, transmits a further re-authored sub-page of the original 
document to the limited display area device 510 over one of the wireless communication channel 530 or the commu
nication link 522. 
[0078) Fig. 7 shows this information flow in greater detail. As shown in Fig. 7, when the user of the limited display 

45 area device 510 wishes to review a particular document presiding on a distributed network, the user sends a request 
for the particular document from the limited display area device 510 to an HTTP proxy server 571 residing on the host 
node 570 of the distributed network. The HTTP proxy server 571 then transmits the request for the particular document 
to the particular remote node 591 on the distributed network that stores the requested page. The particular remote 
node 591 returns the requested original document to a document re-authoring system 600 residing on the HTTP proxy 

50 server 571. The document re-authoring system 600 re-authors the original document into a plurality of subdocuments 
that are each capable, as closely as possible, of being displayed on the limited display area device 510. The document 
re-authoring system 600 then delivers the first re-authored to page to the limited display area device 510, while the 
other re-a11thored sub-pages are stored in a re-authored sub-page cache 636 of the document re-authoring system 
600. Thus, when the user of the limited display area device 510 wishes to view information residing on one of the re-

55 authored sub-pages stored in the re-authored sub-page cache 636, the user causes the limited display area device 
510 to transmit a request for that sub-page. The requested cached sub-pages are delivered from the re-authored sub
page cache 636 to the limited display area device 510. 
(0079) It should be appreciated that, while the HTTP server 571, the document re-authoring system 600 and the re-

10 

IPR2023-00332 Page 00339



EP O 949 571 A2 

authored subpage cache 636 are shown in Fig. 7 as independent elements, in general, these elements will be imple
mented as differen_t portions of a single entity, such as different modules of a single software application. 
[0080) Fig. 8 is a functional block diagram outlining in greater detail one exemplary embodiment of the document 
re-authoring system 600. As shown in Fig. 8, the document re-authoring system 600 includes a controller 610, an input/ 

5 output interface 620, a memory 630, an abstract syntax tree generating circuit 640, a document size evaluation circuit 
650, a transform circuit 660 and a tree-to-document remap circuit 670, each interconnected by a data/control bus 680. 
The communication links 522. 560 and 580 discussed above with respect to Fig. 6 are each connected to the input/ 
output interface 620. 
[0081] The memory 630 includes a number of functionally distinct portions, including an original page memory portion 

10 631, a display device size memory portion 632, an abstract syntax tree memory portion 633, a search space portion 
634, a transform memory 635, the re-authored page cache 636 described above with respect to Fig. 7, and a sub
pages to be re-authored list 637. The original page memory portion 631 stores the returned original document returned 
from the remote node 591 of the distributed network that stores the page requested by the limited display area device 
510. -

15 [0082] The display device size memory 632 stores a number of form documents used by the document re-authoring 
system 600 to obtain various parameters about the limited display area device 510 used by the document re-authoring 
system 600 to re·-author a page for a particular limited display area device 510. The display device size memory 632 
also stores the particular size parameters for at least one limited display area device 510. It should be appreciated 
there are a number of different possible ways of implementing the document re-authoring system 600 relative to the 

20 various parameters about the limited display area device 510. In one exemplary embodiment, the document re-author
ing system 600 can store the various parameters for a particular limited display area device 510 only for as long as 
that limited display area device 510 remains continuously connected to the document re-authoring system 600. In this 
case, each time a particular limited area device 510 is reconnected to the document re-authoring 600, the document 
re-authoring system 600 would send the various forms used to obtain the various parameters about the limited display 

25 area device 510 and the user would be required to re-supply these various parameters each time the document re
authoring system 610 was initially accessed. 
[0083] While this reduces the required size for the display device size memory 632 and does not require any system 
for identifying a particular limited display area device 510, this system places a larger burden on the user of the limited 
display area device 510 or requires a process for automating the supply of information from the limited display area 

30 device 510 to the document re-authoring system'600. This automation could be provided, for example, by the document 
re-authoring system 600 requesting the information from the limited display area device 510. If the information has 
already been entered by the user during a previous session with the document re-authonng system 600, and that 
information was stored at that time on the limited display area device 510, the user would not need to be actively 
involved in re supplying the information to document re-authoring system 600. 

35 [0084) Alternatively, the information could be stored in the display device size memory 632, along with an identification 
code that the user can cause to be supplied from the limited display area device 510 when beginning a session with 
the documen re-authoring system 600. By supplying the identification code to the document re-authoring system 600, 
the user again would not be required to re-supply all of the various parameters about the limited display area device 
510 each time the document re-authoring system 600 is accessed. 

40 [0085) In any case, the document re-authoring system 600 uses the various parameter about the limited display area 
device 510, as described above, when re-authoring the original page stored in the original page memory 631 so that 
each re-authored page will fit, as closely as possible, on to the small display area of the limited display area device 510. 
[0086) The abstract syntax tree 'memory portion 633 stores the abstract syntax tree generated form the original 
document stored in the original page memory 631 by the abstract syntax tree generating circuit 640. The transform 

45 memory portion 635 stores the various transforms described above, as well as the conditions under which each trans
form can be applied and the conditions regarding which transforms are not usable with various other ones of the 
transforms. The transform memory 635 also stores an indication of the desirability of applying any particular transform 
to a particular original or re-authored page. That is, as described above, the various transforms have general order 
that emphasis applying a more limned transform, such as reducing an image by a small about, over a more radical 

50 transform, such as reducing an image by a large amount or removing the image completely. 
[0087) The re-authored page cache 636 stores the abstract syntax tree corresponding to each re-authored page or 
sub-page as the document size evaluation circuit indicates that the abstract syntax tree for a particular re-authored 
page or sub-page is good enough, based on the various parameters about the limited display area device 510 stored 
in the display device size memory 632. The sub-pages to be re-authored list 637 stores the abstract syntax trees for 

55 those sub-pages gf:lnerated by transforming the original document or an earlier sub-page. These sub-pages will gen
erally contain the images of any reduced-size images or any elided images, as well as the full text of any text segments 
that have had content elided from them. 
[0088) Finally, the search space memory 634 stores a number of states generated by the transform circuit 660 as it 
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applies the various transforms stored in the transform 635 to either the original document stored in the original page 

memory 631 or to various sub-pages stored in the sub-pages to be re-authored list 637, based on the particular state 

of the search space currently being manipulated. 
[0089) In particular, each state i in the search space 634 includes an evaluation value portion, a transformed abstract 

s syntax tree portion and a sub-page list portion. The evaluation valued portion stores the evaluation value generated 
for the re-authored page or sub-page corresponding to the state i generated by the document size evaluation circuit 

650. The transformed abstract syntax tree portion stores the transformed abstract syntax.tree for the state i generated 

by the transform circuit 660 by applying one of the transforms in the transform memory 635 to the parent state to the 

state i. The sub-page list portion stores the list of sub-pages generated to store any original content removed from the 
10 page corresponding to the state i when the transform circuit 660 applies the particular transform used to generate that 

state i. 

[0090) It sho~ld be appreciated that state 0 corresponds to the original document stored in the original page memory 

631. In particular, the evaluation value portion of state 0 corresponds to the evaluation value generated 1or the original 

document before any re-authoring. In this state 0, the transformed abstract syntax tree portion stores the original un-
1s transformed abstract syntax tree generated by the abstract syntax tree generating circuit for the original document. 

Finally, before state 0, the sl!cb-page list will be empty, as the original document contains all ofthe original information 
and therefore, no sub-pages are required. 

[0091) Fig. 9 graphically illustrates various states stored in the search space memory portion 634. In particular, Fig. 

9 shows a document comprising a section header, a text paragraph, and an image. As shown in Fig. 9, in the initial 

20 state, ie, state 0, the original document has not been transformed. This initial state also shows the original rating, i. 
e., the evaluation value, generated for the original document. Fig. 9 also shows the state 1 generated from the state 
0 by applying the 'elide all images' transforme_d to the document of state 0. As shown in state 1, the re-authored sub

page of state 1 contains the section header and the text but does not contain the image. Rather, in place of the image, 
the re-authored sub-page of state 1 contains a link labeled "IMG" that links the re-authored page of state 1 to the sub-

2s page storing the image elided from the re-authored subpage of state 1. State 1 also indicates the evaluation value for 

this re-authored document. As shown in Fig. 9, the size requirements for the re-authored page are now one-quarter 
of the size requirements of the original, un-re-authored page. 

[0092) Fig. 9 also indicates that two additional states, state 2 and state 3, were generated by applying other transforms 

to the document of state 0. Finally, Fig. 9 shows three additional states, state 4, state 5 a{ld state 6, generated by 
30 applying additional transforms to the re-authored document of state 1 or to the sub-page of state 1. For example, if the 

sub-page containing the image is still too large to be displayed on the limited display area device 510, an intermediate 
sub-page generated by applying the 'reduced image by 25%", the 'reduce image by 50%", or the "reduce image by 
75% • transforms to the image to obtain a re-authored document good enough to be displayed on the limited display 
area device 510. 

35 [0093) Currently, in operation, the document re-authoring system 600 of Fig. 8 receives the returned original docu

ment over the communication link 580. The received or general document is input through the inpuVoutput interface 
620 and is stored in the original page memory 631 under the control of the controller 610. Then, the abstract syntax 

tree generating circuit 640, under control of the controller 610, inputs the original document from the original page 
memory portion 631 and generates an abstract syntax tree from that original document. The abstract syntax tree 

40 generated by the abstract syntax tree generating circuit 640 is then stored in the abstract syntax tree memory portion 
633 of the memory 630 under control of the controller 610. 

[0094) The document size evaluation circuit 650 then inputs, under control of the controller 610, the abstract syntax 

tree corresponding to the original document stored in the original page memory 631 and the various parameters from 
the display device size memory 632 about the particular limited display area device 510 to which the re-authored 

45 documents are to be returned. The document size evaluation circuit 650 then generates an evaluation value and stores 
that evaluation value in state 0 of the search space memory portion 634. The document size evaluation circuit 650 

also outputs an indication to the controller 610 whether the document of state 0 is good enough for outputting it to the 
limited display area device 510 over one of the communication links 522 or 560. If the original document is already 

good enough, the original document is immediately returned without further transformation. 
so [0095) Then, the transform circuit 660, under control of the controller 610, inputs the document of state 0, as repre

sented by the abstract syntax tree for that state, and applies one of the transforms stored in the transform memory 

635 to the abstract syntax tree of the input state. In particular, the transform circuit 660 first determines, for the current 
state i, whether the selected transform should be applied to the current state i of the document. For example, as 
described above, if the current state i of the document does not contain any images, there is no point in applying any 

ss of the image reduction or elision transforms to this state of the document. Furthermore, if the 'elide all but first image' 

transform has already been applied to obtain the current state i of the image, there is no point of applying the 'elide 
all but first and last images' transform to this current state i. 
[0096) Assuming the current transform selected by the transform circuit 660 is properly applicable to the current state 
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i of the document, as indicated by the transformed abstract syntax tree for the current state i, the transfonn circuit 660 
applies that transform to the abstract syntax tree for that state to generate a child state j. The child state j includes the 
further transformed abstract syntax tree and a sub-page list indicating the sub-pages that remain to be transformed 
based on the content elided from the original document necessary to reach this child state j. Finally, the document size 

5 evaluation circuit 650, under control of the controller 610, evaluates the document obtained in the child state j to de
termine if that resulting document is good enough for outputting to the limited display area device 510. That evaluation 

value is then stored in the newly-created child state j. 
[0097) Alter the transform circuit 660 has generated the new child state j, the transform abstract syntax tree for that 
state j is output to the document size evaluation circuit 650 for evaluating the size requirements of the· document 

10 corresponding to the state j. · 
[0098] Once the abstract syntax tree for the first page of the transfonned document is determined to be good enough, 
that abstract syntax tree is output to the tree-to-document remap circuit 670, whic,h renders the first re-authored sub

page from that abstract sy,ntax tree. That first re-authored sub-page is output from the tree-to-document remap circuit 
670 to the inpuVoutput interlace 620 and ultimately is transmitted to the limited area display device 510. Al the same 

15 time, the transform circuit 660 continues to apply additional transforms to any subpages resulting from transfonning 
the original document into the first good-enough re-authored subpage. As each such subpage is transformed into a 
good-enough subpage, the abstract syntax tree for each such good-enough sub~age is stored in the re-authored page 
cache 636 until a request for that subpage is received by the document re-authoring system 600 from the limited area 

display device 510. 
20 [0099] Once a request for that subpage is received by the document re-authoring system 600, the abstract syntax 

tree for that requested subpage is output to the tree-to-document remap circuit 670, which renders the requested re
authored sub-page from that abstract syntax tree. That requested re-authored sub-page is output from the treeto
document remap circuit 670 to the inpuVoutput interlace 620 and ultimately is transmitted to the limited area display 

device 510. 
25 [0100) It should be understood that each ofthe circuits and other elements shown in Figs. 6-8 can be implemented 

as portions of suitably programmed general purpose computers. Aflernatively, each of the circuits shown in Figs. 6-8 
can be impleme,:ited as physically distinct hardware circuits within one or more ASICs, or using FPGAs, PDLs, PLAs, 
or PALs, or using discreet logic elements or discreet circuit elements. The particular form each of the circuits shown 
in Figs. 6-8 will take is a design choice and will be obvious and predictable to those of ordinary skill in the art. 

30 [0101] II should also be appreciated that the links 522, 560 and 580 can by any known or later-developed device or 
system for connecting the limited display area device 510 to the host node 570 or the host node 570 to the transmitter/ 
receiver communication system 550 or the remaining portions 590 of the distributed network. Thus, the links 522, 560 
and 580 can each be implemented as a direct cable connection, a conn;ction over a wide-area network or a local• 
area network, a connection over an intranet, or a connection over the Internet. In general, the links 522, 560 and 580 

35 can be any known or later-developed connection system or structure usable to connect'the corresponding apparatus 
to the host node 570 over the distributed network. 
[0102] It should further be appreciated that the document re-authoring system 600 is preferably implemented on a 
programmed general purpose computer. However, the document re-authoring system 600 can also be implemented 
on special purpose computer, a programmed _microprocessor or microcontroller as a peripheral integrated circuit ele-

40 ments, and ASIC or other integrated circuit, a digital signal processor, a hardwired electronic or logic circuit such as a 
discreet element circuit, a programmable logic device such as PLO, PLA, FPGA or PAL, or the like. In general, any 
device, capable of implementing a finite state machine that is in turn capable of implementing the flowcharts shown in 

Figs. 11 A-14, can be used to implement the document re-authoring system 600. 
[0103] The memory 630 shown in Fig. 8 is preferably implemented using static or dynamic RAM. However, the 

45 memory 630 can also be implemented using a floppy disk and disk drive, a writeable optical disk and disk drive, a hard 
drive, flash memory or any other know or later-developed volatile or non-volatile alterable memory. In addition, the 
memory 630 can further include one or more portions storing control programs for the controller 610. In general, such 
control programs are preferably stored using non-volatile memory, such as flash memory, a ROM, a PROM, and 
EPROM or EE PROM, a CD-ROM and disk drive, or any other known or later-developed alterable or non-alterable non-

50 volatile memory. 
(0104] Fig. 10 shows another exemplary original document and the abstract syntax tree that is generated from that 
document. As shown in Fig. 10, the document includes an image, a table having two rows of three columns each, and 
a text paragraph. The resulting abstract syntax tree generated from this page includes a root node labeled 'Page". 
Three intermediate nodes, 'Image', "Table" and "Paragraph' corresponding to each of the image, the table and the 

55 text paragraph, respectively, extend from the root 'Page' node. Furthermore, as shown in Fig. 10, two intennediate· 
nodes, 'Row 1' and 'Row 2', corresponding to each of the two rows, respectivley, extend from the intermediate 'table' 
node. Finally, three nodes, corresponding to each of the three cells in each row, respectively, extend from each of the 
'Row 1' and. 'Row 2" nodes. 
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[0105) To re-author the page shown in Fig. 10, for example, the first transform to be applied would generally replace 
the lull size image with a node representing an image reduced by 25%. Then, a new abstract syntax tree having a root 
node corresponding to the lull-sized image would be formed and linked by a hypertext link to the reduced image node 
of the transformed abstract syntax tree. If the re-authored page having the image reduced by 25% is not yet good 

5 enough, the image reduction transformation reducing the image by 50%, 75% and then completely removing the image 
would be applied.in turn to the original document until a good-enough image was obtained. In each case, the abstract 

syntax tree would contain a link from the transformed node corresponding to the image to the separate abstract syntax 
tree containing the lull-sized image. If removing the image completely is still insufficient to result in a good-enough re
authored document, the table transform can be applied, as described above, to transform the table into a set of linked 

10 individual cells, or the First Sentence Elision transform can be applied to move the text paragraph into a separate 
subpage. · 

[0106) Figs. 11 A and 11 Bare a flowchart outlining one exemplary method for re-authoring a page according to this 
invention. As shown in Fig. 11, control begins in step S100 and continues to step S110, where a user connects a device 
having a limited display area to a re-authoring system according to this invention. Then, in step S 120, the re-authoring 

15 system transmits one or more parameter forms to the user to obtain the necessary information about the limited display 
area necessary to be able to re-author a requested page for display on the limited display area device. Then, in step 
S130, the re-authoring system inputs the parameter information from the user and stores the input parameter informa
tion in a·memory. Control then continues to step S140. 
[0107) As indicated above with respect to Figs. 6 and 7, the parameter information gathering process outlined in 

20 , steps S120 and S130 can be automated so that the user does not have to be actively involved in performing steps 
S120 and S130. Alternatively, as shown in optional step S135, steps S120 and 130 can be replaced by step S135. In 
step S135, the user either actively inputs, or the limited display area device automatically outputs, an identification 
code to the re-authoring system identifying previously-stored parameter information for this particular limited display 
area device. Control then again continues to step S140. 

25 [0108) In step S140, a request for a document on the distributed network is output to the re-authoring system from 
the user using the limited display area device. Then, in step S150, the re-authoring system obtains the requested 
document from the distributed network. Next, in step S 160, the obtained document is parsed to build an abstract syntax 
t~!)e of that document. Then, in step S170, an evaluation value for the obtained original document is generated from 
the abstract syntax tree. Control then continues to step S1B0. 

30 [0109) In step S180, the evaluation value is analyzed to determine if the obtained document is good enough to be 
displayed on the limited display area device without any re-authoring. II so, control jumps to step S340. Otherwise, 
control continues to step S190. 
[0110) In step S190, one or more pre-re-authoring transforms are applied to the abstract syntax tree of the obtained, 
original document. These pre-re-authoring transforms are used, for example, to remove portions of the original docu-

35 men! that do not contain any content but that consume display area For example, such portions of the obtained doc• 
ument include banners and other graphical elements that are merely identifying links to other pages or portions of the 
page. These contentless images are replaced by text links. However, because such transforms do not actually remove 
any content from the image, re-authoring the page in this way does not require the removed portions to be retained. 
Other portions that can be removed without effecting the content of the original document include formatting commands 

40 that add whitespace and other contentless esthetic formatting to the original document. Finally, other transforms can 
be applied that convert the various fonts of a document to a single standard font to eliminate unnecessary display area 
requirements of large and complicated fonts. 
[0111) Once the pre-re-authoring transforms are applied in step S190, control continues to step S200, where an 
evaluation "'.alue for the pre-re-authored original document is generated. Then, in step S210, the pre-re-authored doc-

45 uments evaluation value is checked to determine if the pre-re-authored document is good enough to be displayed on 
the limited display area device. If so, control again jumps to step S340. Otherwise, control continues to step S220. 
[0112] In step S220, state O of the search space, corresponding to the pre-re-author_ed document, is selected as the 
current state of the search space. Then, in step S230, a first transform is selected as the current transform. Then, in 
step S240, a determination is made whether the current transform can be applied to the abstract syntax tree of the 

so current state. As outlined above, various on.es of the transforms have conditions that indicate whether that transform 
can be efficiently applied to the current re-authored document or whether the current transform is properly combinable 
with previously applied transforms. If the current re-authored document corresponding to the current state is such that 
the current transform can be efficiently applied and does not conflict with any previously applied transforms, control 
continues to step S250. Otherwise, control jumps to step S290. 

55 [0113) In step S250, the current state is transformed to a child state using the current transform and the resulting 
child state, including the transformed abstract syntax tree and any resulting sub-pages, are added to the search space. 
Then, in step S260, an evaluation value is generated for the document corresponding to the transformed abstract 
syntax tree corresponding to the child state generated in step S250. Next, in step S270, the evaluation value is analyzed 

14 

IPR2023-00332 Page 00343



EP O 949 571 A2 

to determine if the document corresponding to the child state generated in step S250 is good enough to be displayed 
on the limited display area device. If the evaluation value indicates the re-authored document or sub-page is good 
enough, control jumps to step S310. Otherwise, control continues to step S2B0. 
(0114) In step S2B0, a determination is made whether all transforms have been applied to the current state. If all of 

5 the transforms have not been applied, control continues to step S290. Otherwise, control jumps to step S300. 
(0115) In step S290, the next transform is selected as the current transform and control jumps back to step S240. In 

contrast, in step S300, the state of the search space having the best evaluation value is selected as the current state. 
Control then jumps back to step S230. 
(0116) In step S310, the document or sub-page defined by the current state is added to the re-authored page cache 

10 as a first re-authored page or a next re-authored sub-page suitable for delivery to the requesting limited display area 
device. Then, in step S320, a determination is made whether there are any sub-pages resulting from the good-enough 
sub-page that has been added to the re-authored page cache. If there are any such sub-pages that still need to be re

authored, control continues to step S330. Otherwise, control jumps to step S340. 
[0117) In step S330, a state of the search space corresponding to one of the sub-pages to be re-authored is selected 

15 as the current state. Control then jumps back to step S230. In contrast, since there are no further sub-pages that need 
to be re-authored, in step S340, the first re-authored page is output to the requesting limited display area device. Then, 
in step S350, the control routine ends. 
[0118) Fig. 12 outlines one exemplary embodiment of an elision transform according to this invention. As shown in 

Fig. 12, the elision transform routine begins in step S400, and continues to step S410, where a portion of a current 
20 page or sub-page to be removed is selected. Then, in step S420, the selected portion is copied into a new sub-page. 

Next, in step S430, an identifier is generated for the selected portion. In general, the identifier will be generated using 
some content of the selected portion. For exampl_e, if the selected portion is a paragraph or other text string, the identifier 
will be the first sentence or the first portion of the first sentence of the selected text portion. If the selected portion is 
an image, the identifier could be a portion of text used to identify the image in the web document. Control then continues 

25 to step S440. 

[0119) In step S440, a link is generated to link the current page or sub-page with generated sub-page. Then, in step 
S450, the selected portion is removed from the current page or sub-page and the identifier and the link are added to 
the current page. Next, in step S640, the control routine stops. 
(0120] Fig. 13 outlines one exemplary embodiment of a table transform according to this invention. As shown in Fig. 

30 13, the table transform begins in step S500 and continues to step S505, where a top level table is selected as the 

current table. Then, in step S510, the current table is checked to determine if there are any nested tables in the current 
table. If so, control continues to step S515. Otherwise, control jumps to step S520. In step S515, one nested table of 
the current table is selected as the new current table. Control then jumps back to step S510, to determine if there are 
nested tables in this nested table selected as the current table. 

35 [0121) Once there are no nested tables in the currant table, in step S520, the current table is checked to determine 
if there are any sidebars in the current table. If so, control continues to step S525. Otherwise, control jumps to step 
S535. In step S525, a link list is generated from aUof the links in all of the sidebars of the current table. Then, in step 
S530, the link list is placed at the end of the current table. Control then continues to step S535. 
(0122) In step S535, the current table is divided into two or more portions. In particular, as indicated above, one 

40 method for dividing the current table into portions is to divide each cell of the table into a separate portion. Then, in 
step S540, each portion of the current table is copied into a separate new sub-page, and "Next• and "Previous• links 
are added to each such sub-page. Next, in step S545, the current table is replaced with the set of linked sub-pages 

generated in step S540. Control then continues to step S550. 
[0123) In step S550, the current table is checked to determine if it is the top level table. If not, there is at least one 

45 higher level table that still needs to be divided into portions. Accordingly, control continues to step S555. Otherwise, 
control jumps to step S560. 
(0124] In step S555, the table that contains the current table is selected as the new current table. Control then jumps 
back to step S510, to determine if there any more nested tables in the current table. In contrast, in step S560, the 
control routine ends. 

50 [0125] Fig. 14 is a flowchart outlining one exemplary embodiment of an image reduction transformation according 
to this invention. Beginning in step S600, the image reduction transformation continues to step 5610, where the image 
to be reduced in the current sub-page is selected. Then, the reduced image is generated based on the reduction factor 
associated with the particular image reduction transformation being applied. Then, in step S630, the current sub-page 
is analyzed to determine ii the selected image has been previously reduced. If so, control jumps to step S670. Other-

55 wise, control continues to step S640. 
[0126) In step S640, the selected image is copied to a new sub-page. Next, in step S650, a link to the new sub-page 
is generated. Then, in step S660, the full-size image is removed from the current page or sub-page, and the reduced 
image and the generated link are added to the current page to form the re-authored page. Control then jumps to step 
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S680. 
(0127] In contrast, in step S670, rather than moving the full-sizedimage from the current sub-page, the old previously 
reduced image is removed from the current sub-page and the new reduced image is added to the current sub-page. 
However, because the current sub-page should already have a link to the previously-created sub-page containing the 

s full-size image, it is not necessary to again add the link to the current sub-page or to create a new sub-page storing 
that full-sized image. Control then continues to step S680, where the control routine ends. 
[0128] Even with perfect automatic re-authoring of documents, there is often simply too much information in a typical 
web document to make serendipitous cellular phone web browsing a pleasurable or profitable past-time, due to the 
very small, text-only-type display used in cellular phones. Typically, the~e devices and services will be used to find and 

10 present information that the user is specifically looking for. That is, these devices and services will be used for targeted 
information search and extraction. The document filtering systems and methods of this invention allow users to extract 
only portions of documents that they are interested in, via a simple, end-user scripting language that combines structural 
page navigation commands with regular expression pattern matching and report generation functions. 
[0129] The SPHINX system, as described in R. Miller et al., 'SPHINX: a framework for creating personal, site-specific 

15 Web crawlers", Seventh International World-Wide Web Conference, Brisbane, Australia, April 1998, provides a visual 
tool that lets users create custom 'personal' web crawlers that are similar in functionality to the filtering mechanism of 
the systems and methods of this invention. The Internet Scrapbook, as described in A. Sugiura et al, 'Internet Scrap
book: automating Web browsing tasks by programming-by-demonstration', Seventh International World-Wide Web 
Conference, Brisbane, Australia, April 1998, allow users to visually select elements from web pages and then updates 

20 these _elements in a "scrapbook' when the web pages change, providing a functio~ that is similar to the page element 
retrieval for a particular page of the systems and methods of this invention. Several commercial products also provide 
similar functionality for other applications, such as, for example, corporate reporting or database population. Lanacom's 
Headliner Pro, as described in Lanacom, Inc., http://www.headliner.com, and OnDisplay's CenterStage, as described 
in OnDisplay, Inc., http://www.ondisplay.com, both provide visual editors that let users specify which structural parts 

25 of web pages tq extract. However, neither of these systems provide users with any ability to extract content based on 
regular expressions or keywords. 
[0130] The document filtering systems and methods of ihis invention have the capability to extract partial information 
from a document based on commands written by a user in a high-level scripting language. The document filtering 
systems and methods of this invention combine page structure navigation, regular expression matching, site traversal, 

30 i.e., web crawling, and iterative matching, in addition to re-authoring of the extracted information using the document 
re-authoring systems and methods of this invention described above. 
[0131] A filter script is simply entered into a text file and saved on a web server. The filter script is executed whenever 
a user requests its Uniform Resource Locator. A filter script will typically load a target web page, traverse to particular 
locations within that web page, which are described structurally and/or by regular expressions, extract the content 

35 found at those locations, and then send the extracted content through the document re-authoring system to be properly 
formatted before being returned to the user. 
[0132] The document filtering systems and methods of this invention take advantage of the parse tree creation and 
navigation of the document re-authoring systems and methods oj this invention, by providing a simple set of HTML 
document navigation options that use the concept of a 'current context' in the HTML document. The current context 

40 is analogous to a 'cursor' in database programming, in that it refers to a location within HTML the document. 
(0133] In actuality, the current context refers to a node in the HTML parse tree. The navigation commands serve to 
move this reference around within the tree until a desired part of the HTML document is found, at which time the desired 
part can be extracted. For example, Fig. 10 shows an HTML document and its corresponding parse tree. When the 
document is first loaded, by executing a 'GO URL' command, the current context is pointing at the root node of the 

45 parse tree, which essentially refers to the entire document. 
[0134] Fig. 15 shows one exemplary embodiment of the document re-authoring system 600 further including a filter 
circuit 690 that implements the document filtering systems and methods outlined herein. In particular, the filter circuit 
690, under control of the controller 610, inputs a requested filter, requested by the user over one of the communication 
links 522 or 560, that is supplied from a node of the distributed network storing such a filter. over the communication 

50 link 580. The filter circuit 690 then inputs the requested document from the node of the distributed network storing the 
requested document and filters the requested document to extract the requested page elements. The filter circuit 690 
stores these ex1racted page elements in the original page memory 631 in place of the original document initially stored 
there. The document .re-authoring system 600 then operates on these extracted page elements as if they were the 
original document to be re-authored. 

55 [0135] In extracting the page elements from the original document, the filter circuit 690 uses the abstract syntax tree 
generated by the abstract syntax tree generating circuit from the original document and stored in the abstract syntax 
tree memory 633. 
[0136) Fig. 16 outlines one exemplary embodiment of the information flow when the requested document is also to 
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be filtered. As shown in Fig. 16, after a request for filter is output by the limited display area device 510 to the HTTP 
proxy server 571, the request for filter is forwarded by the HTTP proxy server 571 to a remote node 592 of the new 
distributed network that stores the requested filter. The remo1e node 592 storing the requested filter returns the re• 
quested filter to the document filter 690. The document filter 690 then requests, under control of the controller 610, the 

5 document from the remote node 591 of the distributed network that stores the request page. The remote node 591 
storing the requested page returns the document to the document filter 690. The document filter 690 then filters the 

returned document using the filter returned from the remote node 592 and the abstract syntax tree generated by the 
abstract syntax tree generating circuit 640. The document filter 690 returns the extracted page elements to the docu
ment re-authoring system 600 where the extracted page elements are treated as an original document for re-authoring 

10 as described above. 

(0137] There are three types of page navigation commands, those which go into the current context to select more 
specific content, those which go out fr!)m the current context to enclosing structures, and those which traverse the 

page sequentially from the start of the current context, for example, to navigate to the next structure of some kind, 
which may or may not be properly contained within the current context. 

15 (0138) The simplest type of navigation command goes into the current context. For example, given the document 
and current context shown in Fig. 10, executing the command 'GO ROW 2' results in the current context being moved 

·10 the second table row object within the current context, as shown in Fig. 17. 
(0139) The current context can also be enlarged, i.e., moved up the parse tree towards the root node, by using a 

'GO ENCLOSING' command. For example, given the document and context shown in Fig. 17, a 'GO ENCLOSING 
20 TABLE' command results in the current context shown in Fig. 18. 

(0140] Finally, the current context can be moved forwards or backwards among the objects in a page in a sequential 
manner, as they appear to a user. This is accomplished by moving the current context forwards or backwards from its 
current location within a prefix traversal of the parse tree. This results in a search that first is performed within the 
current context, then continues with the objects that follow the current context on the page. For example, a 'GO PAE· 

25 VIOUS IMAGE' command moves to the previous image found sequentially from the current context. 
(0141] In addition to named page elements, navigation commands can also be specified using regular expressions. 
For example, a 'GO NEXT' 'DOW\sJONES\s*(\d+)\s*POINTS'.' command moves the cunent context to the next match 
of the specified regular expression, using a prefix traversal of text blocks on the page. The filtering systems and methods 
of this invention are able to demarcate sub-expressions and recall them into output strings. 

30 (0142] The simple navigation commands described above can also be used to navigate among a set of linked web 
pages through the use of the 'LINKEDPAGE' page object type. For example, a "GO FIRST LINKEDPAGE' command 
moves to the first hypertext link within the current context, loads the referenced page and moves the current context 
to the root of that document's parse tree, while a "GO ENCLOSING LINKEDPAGE" command returns the current 

context to the hypertext link that led to the document currently being processed. 
35 (0143] Traversal between pages is handled by a stack of script activations, each of which pairs script state information 

(including current context) with a particular Uniform Resource Locator and a parse tree. This t.acilitates rapid navigation 
back and forth among linked pages and is required to support the 'GO ENCLOSING LINKEDPAGE' command. 
(0144] Once the current context has been moved to a page object that is of interest, a 'REPORT' command is used 
to extract it. The 'REPORT" command can be issued several times within a filter script, in which case the extracted 

40 page elements are concatenated. The 'REPORT' cor)'lmand can also be used to insert arbitrary strings into the output, 
which can contain sub-strings from regular expression pattern matching. For example, the "REPORT 'Dow:\1" com
mand adds the string 'Dow:• plus a substring identified by the identifier •1 • extracted during a regular expression match 

to the filter's output. 
(0145] Often the user does not know in advance how many page elements of a particular kind will exist on a web 

45 page. For example, the number of news article paragraphs in a daily e-zine will generally not be known in advance. 
The 'FOREACH" command addresses this lack of information by executing a sequence of commands for every page 
element found wtthin the current context that meets a specified criteria. When used with a 'LINKEDPAGE" target. this 
provides the functionality of a web spider that can visit all of the linked pages within a web site, In the following examples 

the ellipses represent sequences of valid filter commands: 
so [0146] A 'FOREACH PARAGRAPH" command moves to each paragraph within the current context in turn DO ... 

END and executes the specified commands. · 
[0147] A "FOREACH LINKEDPAGE' command loads each page that is reachable through hypertext links from the 
DO ... END current page in turn and executes the specified commands. 
(0148] Whenever a filter encounters any kind of error, including navigation failures, regular expression matching 

55 failures, or web page retrieval error, it simply begins the next iieration of the innermost "FOREACH" loop in which the 
offending command is embedded. If the error occurred at the top level of a filter, the filter halts execution and produces 
any pending output. 
(0149] The document re-authoring systems and methods of this invention do a good job of automatically re-authoring 
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documents for display on devices with small screens. One exemplary embodiment of the document re-authoring sys
tems and methods of this invention have been informally tested on a wide range of pages for a number of screen sizes. 
This exemplary embodiment of the document re-authoring systems and methods of this invention produced output that 
is legible and navigable. 

5 [0150] In one exemplary embodiment, the document re-authoring systems and methods of this invention simply add 
up the space requirements of all images and text to arrive at an estimate of the screen area requirements for a document. 
This is adequate for fairly dense documents with minimal structure, such as those in a Xerox Annual Report, but works 
poorly for documents_ with a lot of whitespace or which use advanced layout techniques, such as, for example, tables. 
In a second exemplary embodiment, the document re-authoring systems and methods of this invention includes a size 

10 estimator that performs much of the work performed by a browser in formatting each document version onto a display 
area. Factors other than required screen area may also need to be included, such as actual width requirements of the 
re-authored docl!_ment, because users don't like to scroll horizontally, bandwidth requirements, and aesthetic measures. 

[0151] Users should be able to adjust the various heuristics used in the document re-authoring systems and methods 
of this invention to suit their taste. For example, the user could specify the relative preference of the transformation 

15 techniques, or specify that some transforms not be, used at all. At a higher level of abstraction, the user could express 
their preferences for a set of trade-offs, such as 'more content' vs. 'larger representation' In addition, the re-authoring 
systems and methods of this invention could be moved to the client and coupled with the browser so that the user 
could dynamically apply and undo different transformations until the user achieves a result the user likes .. 
[0152] The automatic document re-authoring systems and methods of this invention, and in particular, the exemplary 

20 embodiment of the HTTP proxy server described above, are preferably implemented on a programmed general purpose 
computer. However, the automatic document re-authoring systems and methods of this invention, and in particular, 
the HTTP proxy server described above, can also be implemented on a special purpose computer, a programmed 
microprocessor or microcontroller and peripheral integrated circuit elements, an ASIC or other integrated circuit, a 
digital signal processor, a hardwired electronic or logic circuit such as a discrete element circuit, a programmable·logic 

25 device such as a PLO, PLA, FPGA or PAL, or the like. In general, any device, capable of implementing a finite state 
machine, can be used to implement the automatic document re-authoring system and method of this invention, and in 
particular, the HTTP proxy server described above. 
[0153] The automatic document re-authoring systems and methods according to this invention can be performed by 
invoking a stand-alone re-authoring program running on the HTTP proxy server described above, or can be performed 

30 through a plug-in to a conventional web browser, such as Netscape Navigator or the like. 
[0154] Furthermore, while the automatic document re-authoring sys_tems and methods of this invention have been 
described in relation to re-authoring documents obtained from the world-wide web, the automatic re-authoring systems 
and methods of this invention can be used to re-author documents obtained from any distributed network, such as a 
local area network, a wide area network, an intranet, the Internet, or any other distributed processing and storage 

35 network. 
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[0155] While this invention has been described in conjunction with the specific embodiments outlined above, ii is 
evident that many alternatives, modifications and variations will be apparent to those skilled in the art. Accordingly, the 
preferred embodiments of the invention set forth above are intended to be illustrative, not limiting. Vclrious changes 
may be made without departing from the spirit and scope of the invention. 

Claims 

1. A method for automatically re-authoring a document, comprising: 

parsing the document; 
transforming the parsed document into a transformed document; 
generating an evaluation value from the transformed document; 
determining if the evaluation value meets at least one evaluation criterion, 
if the evalution value for the transformed document does not meet the at least one criterion, repeating the 
transforming, generating and determining steps using a different transform; and 
if the evaluation value for the transformed document meets the at least one criterion, outputting the transformed 
document. 

55 2_ The method of claim 1, wherein: 

parsing the document comprises generating an abstract syntax tree from the document; and 
transforming the parsed document comprises transforming the abstract syntax tree into at least one trans• 
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formed abstract syntax tree. 

3. The method of claim 1 or claim 2, wherein transforming the parsed document comprises: 

s selecting a transform; . 
determining if the transform can properly be applied to the parsed document; 

if the transform can properly be applied, transforming the parsed document into the transformed document 

using the selected transform; and 
if the transform cannot properly be appliet, repeating the selecting and determining steps for a different trans-

10 form. 

4. The method of any of claims 1-3, wherein transforming the parsed document into the transformed document com

prises at least one of outlining sections of the document, removing contentless portions from the· document, re

moving content from the document, reducing a size of ad least one image within the document, removing at least 

1s one image from the document, removing at least one table cell from the document, and summarizing text within 

the document. 
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5. The method of claim 4, wherein: 

outlining sections olthe document preferably comprises: 

identifying sections within the document, 

identifying a section header and a document portion for each section, 
placing each identified document portion into a separate subpage, 

removing the identified document portions from the parsed document to form a transformed document 

containing only the identified sections headers, 
converting each of the identified section headers into a link to the corresponding subpage, and 

linking the separate subpages together and to the transformed document; 

reducing a size of at least one image within the document preferably comprises: 

identifying ai lead one image within the document, 

placing each identified image into a separate subpage, 

generating a reduced version of each identified image, 
removing each identified image from the document and inserting the reduced version of each removed 

image to form the transformed document, and 

adding, for each removed image, a link into the reduced version of that image to the subpage containing 

that removed image; 

removing at least one image from the document preferably comprises one of removing all images from the 

document, removing all but the first image from the document, and removing all but the first and last images 

from the document; 
removing at least one table cell from the document preferably comprises: 

determining ii the table contains any sidebars of links, 
if the table contains any sidebars, converting the sidebars into a list of links as a last cell of the table, 

identifying all but the first cell of the table, 

adding each identified cell to a separate subpage, 
replacing the table with the first cell to form the transformed document, and 

linking the separate subpages together and to the transformed document, and 

removing at least one table cell from the document preferably further comprises: 

determining i1 that cell is a nested table, 
if that cell is not a nested table, adding that cell to the separate subpage, and 

if that cell is a nested table, repeating the determining, converting, identifying, adding, replacing and 

linking steps; and · 

removing contentless portions from the document preferably comprises at least one of replacing sequenc-
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es of page breaks or paragraph breaks with a single page break or paragraph break, removing indenting 
from the document; converting text strings of the document to at least one of a single font and font size, 
removing bullets from the document, removing background space from the document and removing ban
ner images from the document. 

6. The method of any of claims 1 ·5, wherein, if no transform results in a transformed document that has an evaluation 
value that meets the a least one evaluation criterion, .the method further comprises: 

selecting the transformed document having the evaluation value that most closely meets the evaluation value; 
and 

repeating the transforming, generating and determining steps on the selected transformed document using 
art additiond transform. 

7. The method of any of claims 1-6, wherein: 

transforming the parsed document into a transformed document comprises generating at least one subpage; 
and 
when a transformed document meets the at least one evaluation criterion, the method further comprises: 
generating an evaluation value for each generated subpage for that transformed document; 
detemining, for each subpage, if the evaluation value for that subp9ge meets the at least one evaluation 
criterion; 
for each subpage, if the evaluation·value for that subpage does not meet the at least one criterion, performing 
the transforming, generating and determining steps on that subpage using an additional one of the transforms 
to generate a transformed subpage; and 
for each subpage, if that subpage meets the at least one criterion, identifying that subpage as ready to be 
output. 

8. The method of claim 1, further comprising, after parsing the document: 

optionally removing contentless portions from the document to form a pre-transformed document 
generating an evaluation value from the document or the pre-transformed document: 
determining if the evaluation value meets at least one evaluation criterion; 
if the evaluation value for the document or the pre-transformed document does not meet the at least one 
criterion, performing the transforming, generating and determining steps using a first one of the transforms; and 
ii the evaluation valve for the document or the pre-transformed document meets the at least one criterion, 
outputting the document or the pre-transformed document without removing any content from the document. 

9. The method of any of claims 1-8, wherein transforming the document comprises: 

filtering the document to extract desired portions of the document; and 
replacing the document with the extracted portions. 

10. A document re-authoring system that automatically re-authors a document, comprising 

a parse tree generating circuit that parses the document to generate a parse tree; 
a transform circuit that transforms the parse tree using a first transform to generate a transformed parse tree 
representing a transformed document, and that preferably transforms the parse tree or the transformed parse 
tree using another transform to generate another transformed parse tree representing another transformed 
document; and · 
a document size evaluation circuit that evaluates the parse tree or the another transformed parse tree to 
determine if the document, the transformed document or the another transformed document meets at least 
one evaluation criterion; 
wherein, when the document. the transformed document or the another transformed document meets the at 
least one evaluation criterion; the document, the transformed document or the another transformed document 
is output to a display device. 
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