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1. Introduction

The internztional JPEG (Joint Bi-level Image Experts Group) and JBIG (Joint Photographic Experts roup) groups,
who represent a wide vanety of compames and academic inshtutions worldwide, have created & new mmage coding
system that uses state-of-the-art compreszion techmques based on wavelet technology. This standard 15 called the
JPEG 2000, whach its archatecture should lend itself to a wide range of uses from portable digital cameras through to
advanced pre-press, medical 1maging and other key sectors.

The JPEG 2000 standard has 11 parts [2], in which part 1, the core coding system 15 now published as an
Internzhional Standard. Parts 2-6 are complete or nearly complete, and parts 8-11 are still under development. A Java
software mmplementation of the standard (JJ2000) 15 also found [1], whach implements the entire part 1 of the
standard.

Although both the standard and the tools are avalable to the public, but duse to the complexity of the standards,
especially for amateurs who just began to learn about 1mage coding, we feel that there 15 2 need to present a quck

tutonal of JPEG 2000. Ths paper 15 therefore wrnitten to grve new users a grasp of JPEG 2000.

2. Approach

The most straightforward way to present a quck tutonal of JPEG 2000 15 to illustrate and to examne its features one
by cne m great details. Im order to do that, we have familianized ourselves with the standards and the tools. At first,
we have difficulties understandng some of the algonthms and specfications in the standard. However, after sevweral
iterations of reading and with the help of the Jave tool set, we are able to Figure out all the features in JPEG 2000,

Simular to the JPEG 2000 final committee draft, we will present cur work in the same order. We will brnefly explamn
each section of the standard, illustrate each feature, discuss about s applications, and list the pros and cons. For
visualizaton purposes, most of the time, we encode mmages with extremely low but rate to show nobceable
differences even with small display mmages. The encoding bit rates are tumed with very fine gramulaniy, base on the
feature that we are llustrating.

3. Experiments, Resulis & Discussions

Annex A Annex C and Amnex D of the JPEG 2000 standard wnll not be examined. Thas 15 because these sections do
not consist of & feature. Instead, Annex A talks abowut the headers and markers which 15 sumply a bunch of constants
that are used to efficiently represent an 1mage. Although it 15 essenhal to understand Anpex C (Anthmetic Entropy
Coding) and Annex D (Coefficient Bit Modeling), however, to a user, these are basically the algonthms. Feature
wise, they do not play an mmportant role.

3.1 Annex B: Data Ordering
3.1.1 Tile dmazion

In JPE(: 2000, an 1mage offset and a tile offset 15 often gven to specify the upper left comer of the desired cropped
mmzge. It's expensive to load a huge 1mage 1n hardware and try to encode 1t. Therefore, mnages are typically broken
down into multple tiles, and encoded independently. The Discrete Wawvelet Transformation (DWT) 15 designed for
this purpose.

A tile-component 15 a tile consists of only one component. For example, a RGE mmage would be broken down into R
tile-component, & tile-component and B tile-component. Each tile-component 15 then further divided down to
different resolvhons and sub-bands with the uze of DWT. Each resclution 15 divided into mmltiple precincts which
1dentify & peometnc positicn of a tile-component of an mnage. Furthermore, each sub-band at each resoluticno 15
dmnaded into multiple code-blocks, which will be coded 1nto individual packets.

Shown below 15 an llustration of the selection of code-blocks for encoding, assuming only two levels of DAWT
decomposthon. Due to the copping of a tile-component, not all precinct parbtions and code-blocks are included for
coding. A precinct 1= only included if the enfire precinct falls wathin the cropped regron of the tile-component.
Moreover, only code-blocks that are overlapped with the designated precincts are mcluded for coding as shown n
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Figure 3.1.1-1: Ongmnal DWT Figure 3.1.1-2: Precinct Selection

Figure 3.1.1-3: Sub-band Selection Figure 3.1.1-4: Code-block Selection
3.1.2 Progreszion Order
For a grven tile, the packets contain datz from a speafic layer, a specific component, a specific resolution, and a

specific precinct. The order 1n which these packets are interleawed 15 called the progression order The mnterleasing
of the packets can progress along four axes: layver, component, resolubion and precnct.

As shown below, progression 1n laver and resolubion results in sharper image when bit rate increases, and
progression in precinct results in overall clearer 1mage, as more precincts/portons of the 1mage are decoded. VWe also
show that progres=ion 1n component results 1n less color distorbon and 1ncreasing contrast as more components are
decoded.

There are zltopether 5 progression types defined 1n the JPEG 2000 standard. Thev are histed below:

1) Layer-Resolution-Component-Posthon Progressive
- All po=sitions are encoded before all components before all resclubions before all layers.
- Image quality 15 reduced before any color components or parts of the mmape being thrown away.

2} Rescluhon-Layer-Component-Posthon Progresaive
- Visually same effects as Layer-Resolution-Component-Position Progressive.

3) Rescluhon-Posihon-Component-Laver Progressme
- In general, same effects a5 Laver-Fesoluton-Component-Posibion Progressmve.
- Better quality since laver has the lnghest prionty to be coded, trading off some portions of the 1mage.

4) Poarbon-Component-Rescluton-Laver Progressme
- All lawers are encoded before all resolutions before all components before all posttions.



