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Overview of JPEG 2000 and the DIG2000 Initiative

Over the past few years, digital imaging has gone from a high-end niche capability to a ubiquitous mainstream application, with the widespread use of digital pictures greatly enriching the content of both commercial and personal communications.  With millions of companies and consumers using digital images in both print and on-line environments, the need has emerged for developing a new, comprehensive, flexible and universally deployable file format for digital images.

Building off of their pioneering work in the establishment of the original JPEG, the Joint Photographic Experts Group has been actively working for the past three years under the auspices of ISO on the development of JPEG 2000.  Since August of 1998, an initiative group within the Digital Imaging Group (DIG) has concurrently been developing a rich file format for JPEG 2000, which has led to a close on-going collaboration between the DIG2000 and ISO JPEG 2000 working groups. JPEG 2000 is currently planned for introduction in early 2000 and for formal adoption as an international standard by the end of next year.  

This white paper, developed by the Digital Imaging Group, provides a brief overview of the JPEG 2000 efforts, the underlying technological structure and the benefits that it will provide for the various users of digital images.

(Note:  Because the JPEG 2000 specification is still under development, this document will focus only on the major aspects of the technology rather than the underlying details of implementation.  It is also the Digital Imaging Group’s intent to publish updates to this white paper to track with evolutionary changes as the JPEG 2000 standard is finalized.)

JPEG & DIG – Working Together

The JPEG 2000 efforts have the advantage of significant built-in momentum resulting from the convergence of a number of key factors.  First, the existing JPEG standard has already become the preferred technology for the majority of photographic images deployed on the Web.  Secondly, the globally respected umbrella structure of the International Standards Organization (ISO) along with the expertise of the existing JPEG group enable the ISO JPEG Committee (ISO/IEC JTC1/SC29/WG1) to effectively bring together key participants from throughout the industry toward the creation of JPEG 2000.  Finally, the collaboration between the Digital Imaging Group and the ISO JPEG Committee provides for both a richer data structure plus immediate acceptance by many of the industry-leading developers and adopters that are existing members of the DIG.

As an adjunct to the core of unparalleled expertise on image compression that is embodied by the ISO JPEG Committee, the DIG has been able to contribute complementary experience in the arena of resolution-independent file formatting (Flashpix) and streaming image delivery via the Internet Imaging Protocol (IIP).  Working together, the ISO JPEG Committee and the DIG are committed to ensuring the adopted JPEG 2000 standard will have both the technology robustness and the industry acceptance to respond to today’s market requirements, as well as the inherent extensibility to adapt to future demands.

According to Dr. Daniel T. Lee of Hewlett-Packard Company, head of the ISO JPEG committee. ``The simple fact is that the largest digital imaging companies in the world are working together to supply important technology to our JPEG 2000 effort. The Digital Imaging Group is unique in its position within the digital imaging community as an organization with tremendous support from many of the leading companies in digital imaging.  We look forward to working together with the DIG as this technology effort moves forward.''

Driving Forces for a Next Generation Image Format

The original JPEG standard, developed more than 10 years ago was based on technologies and methodologies from the 1970s.  Although it meets most current needs, many of the new applications and technologies now require much richer functions than the current baseline JPEG standard can provide.  Continuing advances such as lower cost, high-resolution cameras, escalating desktop computer performance, improved printing and user-friendly imaging software, along with the explosive rise of the Internet and e-commerce, have all created an environment where more people are creating and using digital images on an everyday basis.  At the same time that the number of images has increased, the resolution and richness of content have also been increasing.  This enormous growth of digital imaging capabilities has created the need for a new image coding standard.

In the Internet environment, for example, a new paradigm has arisen due to the distributed nature of networked applications. The simple model of the old paradigm where an encoded image is passed from one application to another application no longer holds. In the Internet environment, it is not certain where one application ends and another begins as the distributed nature of the Internet allows a high degree of interactivity from multiple sources of information with distributed processing capabilities. The JPEG2000 standard and associated DIG2000 initiative are designed specifically to meet these new challenges.

To span the requirements of today’s environment and to provide extensibility for future needs, a robust next-generation image format needs to combine key features such as:

· An open standard concept that can be universally used to interchange images between applications and devices

· Improved compression techniques to accommodate richer content and higher resolutions

· Flexibility to deliver image content in at a variety of detail levels and resolutions from within the same file, thereby optimizing both flexibility and bandwidth utilization

· Metadata mechanisms for incorporating additional non-image data as part of the file

Advantages of JPEG 2000 using Wavelet Technology

At the core of the JPEG 2000 structure is a new wavelet based compression methodology that provides for a number of benefits over the previous Discrete Cosine Transformation (DCT) compression methods used in the existing JPEG format.  Essentially, wavelets are mathematical expressions that encode the image in a continuous stream; thereby avoiding the tendency toward visible artifacts that can sometimes result from DCT’s division of an image into discrete compression blocks.  

Improved Compression Efficiency

JPEG 2000’s wavelet technology can provide as much as a 20% improvement in compression efficiency over previous JPEG DCT compression methods.  JPEG 2000’s wavelet technology also provides for both lossy and lossless compression, as opposed to the lossy technique used in the original JPEG, which can lead to image degradation at high compression levels.  In addition, because the JPEG 2000 format includes much richer content than existing JPEG files, the bottom line effect is the ability to deliver a Flashpix-level of information in a compressed image file that is 20% smaller than baseline JPEG and roughly 40% smaller than an equivalent Flashpix file.
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Richer Content and Capacity for Alternate Color Spaces

The JPEG 2000 specification will also be designed to handle up to 256 channels of information as compared to current JPEG, which, by reason of common implementation, is limited to only RGB data.  This means that JPEG 2000 will be capable of describing complete alternate color models, such as CMYK, within a single file format.  JPEG 2000 can also work seamlessly within color managed environments because it has the capacity to include full ICC profile information within each image file.

Support for Flexible “Level of Interest” Access

Another inherent benefit of JPEG 2000’s use of wavelet technology is the ability to progressively access the encoded image in a smooth continuous fashion without having to download, decode and/or print the entire file.  In a way this allows for a virtual file system within the image file that can be flexibly arranged by the image providers to best suit the way that their users will need to access the information.  For instance a “progressive-by-resolution” structure would allow the image information to stream to the user by starting with a low-resolution version and then progressively adding higher resolution as required.  On the other hand, a “progressive-by-quality” structure might begin with a full resolution version but with minimal color data per pixel and then progressively add more bits per pixel as required. 

Conservation of Bandwidth

Obviously, a major benefit of progressive access is the ability to use only the amount of bandwidth required for the particular level of interest.  For instance, when a user clicks on a JPEG 2000 image that has been set up for progressive-by-resolution access, they will be able to see the low-res version as soon as it downloads and can then immediately decide whether or not to wait for higher resolution.  Unlike current single-resolution JPEGs in which the user has to download the entire file before viewing it, JPEG 2000 can put bandwidth conservation decisions directly into the hands of the users.
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As can be seen below, even if the user decides to progress all the way from low resolution to high resolution versions of the same image, the cumulative bandwidth consumption is much higher for downloading multiple JPEG images vs. progressively downloading a wavelet based JPEG 2000 image.

Simplified Deployment of Web-based Multi-purpose Images

Because the same JPEG 2000 image file can smoothly provide a number of different resolution levels as it streams from the server to the user, web designers have a much simpler image deployment task.  For instance an e-commerce site that first presents users with thumbnail images and then allows them to follow hyperlinks for more detailed images currently has to store and link to different image files for each of the levels of detail.  Webmasters not only have to dedicate additional storage space for multiple image files, they also have to independently manage updates, revisions and changes to each separate image file.

On the other hand, with the JPEG 2000 format, web designers only have to store and link to a single image file for each product, which contains all of the resolution levels and detail required by any user.  The users themselves can then interactively zoom, pan and crop the images in order to drill down and to focus in on the required details.  Throughout the process, the users are always getting exactly the amount of resolution and detail that they require, thereby conserving bandwidth, improving performance and enhancing the users’ overall experience on the web site.

Enabling Tomorrow’s E-Commerce Environments

In essence the flexibility and robustness of the JPEG 2000 technology takes the core complexity required for creating rich web-based content and pulls it into the file format, rather than leaving it on the shoulders of the Web designer.  As the Web moves further into the realm of e-commerce the ability to deliver rich image content will be essential for effectively supporting the mainstream customers’ buying behavior.  Therefore the widespread adoption of JPEG 2000 based images will not only spur the momentum for creating new e-commerce applications, it will simultaneously simplify the process of application development and deployment.

By working directly with the ISO JPEG Committee and by coordinating the active participation of the DIG’s corporate members, the Digital Imaging Group continues to play a key role in assisting with both the development of JPEG 2000 technology and the communication of its benefits throughout the industry.  The ultimate objective is to simultaneously provide a whole new level of enabling technology for effectively using digital images and to ensure a rapid adoption process that quickly puts JPEG 2000’s benefits to use in real world applications.

For more information on JPEG 2000 and on other activities of the DIG:

Visit the Digital Imaging Group Web site at www.digitalimaging.org
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