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1 Introduction

1.1 JPEG 2000

JPEG 2000 is a new standard for image coding published by the JPEG committee (ISO/IEC JTC 1/SC 29/WG 1) at the turn of the millennium. It is still being enhanced. The core, defined in Part 1 of the standard (ISO/IEC 15444‑1), is built around the relatively new technologies of wavelet-based compression and bit-plane coding. It enables scalability with respect to five different defined image progression orders. The idea is similar to progressive JPEG, but the packetised structure of a JPEG 2000 codestream makes it possible to convert between different progression orders by the systematic reordering of packets, without any low-level decoding.

1.2 Part 9: JPIP

Part 9 of the JPEG 2000 standard (to be published as ISO/IEC 15444‑9) covers interactivity, protocols and APIs. It defines a protocol called JPIP that takes full advantage of JPEG 2000’s scalability properties. By means of additional signalling JPIP can deliver pieces of a JPEG 2000 image in essentially arbitrary order, in response to real-time application requests. These would typically correspond to user actions like zooming and panning. JPIP also takes advantage of JPEG 2000’s resolution hierarchy to minimise the redundant retransmission of data and to circumvent the need for storing multiple versions of an image at different resolutions.

Part 9 also defines indexes for the JPEG 2000 file format, to facilitate the implementation of the JPIP protocol and to enable the same kind of arbitrary accessibility even without JPIP protocol. (The file format itself is defined in Part 1, with extensions in other parts.)

As of March 2004, JPEG 2000 Part 9 is at Final Committee Draft stage. It is expected to be completed in April 2004 and published later in the same year.

Note that the term JPIP is sometimes used to refer to all of Part 9, not just the JPIP protocol.

1.3 2KAN software

The 2KAN project was a consortium of European organisations that existed between March 2002 and February 2004. It was closely linked to the development of four new parts of JPEG 2000, including Part 9. 2KAN contributed to the content of Part 9 and also began to implement it.

Within 2KAN we implemented some of the Part 9 indexes and the JPIP protocol as a number of independent software modules. Together these modules constitute most of the essential components of a prototype JPIP system. They are all available for download as open-source software under a ‘modified BSD’-type licence. (Other flavours of free or open-source licensing may also be possible on request.) The remaining components are provided by existing web technologies and products, such as the HTTP protocol, the Common Gateway Interface (CGI) and the libcurl library. The OpenJPEG JPEG 2000 library, also developed by 2KAN partner UCL, is not strictly part of the JPIP implementation but is bundled with it for convenience.

1.4 Ongoing development

It is hoped that the 2KAN software demonstrator will seed a community open-source project to develop the implementation further. Currently this effort is being hosted by Elysium Ltd at the JPEG 2000 Group’s Code Versioning System (CVS) server. Please e-mail cvs@j2g.org if you would like to participate.

2 JPEG 2000 Part 9 (JPIP) technology

2.1 Conventional web image delivery

The figure below illustrates conventional web delivery of an image file – in this case, of a JPEG 2000 image. The entire file is transferred using the HTTP protocol from the server to the client. The client then decodes the image using a separate JPEG 2000 decoder.
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The transport system (HTTP server, HTTP client and intermediate network infrastructure) is totally generic in that it knows nothing specific about JPEG 2000. Although HTTP (at version 1.1 or higher) supports the transfer of arbitrary byte-ranges from a file, without any specific intelligence of JPEG 2000 there is no way for the system to exploit this efficiently; the JPEG 2000 decoder essentially requires the file to be fed to it in the right order from beginning to end.

2.2 New delivery options offered by JPEG 2000 Part 9 (JPIP)

JPEG 2000 Part 9 offers several alternative delivery options, which are illustrated below. The first three utilise the new JPIP protocol for transport, but differ in the type of data that is returned to satisfy each client request:

1. The server returns complete JPEG 2000 images corresponding to the requested region of the image at the requested resolution. This option allows both the server and the client to make use of an independent, ‘black box’ JPEG 2000 subsystem, but it limits the efficiency of the transfer because (when multiple requests are considered) there is still some redundant transmission of data. For example, after a zoom operation some of the low-resolution data will be resent by inclusion in the high-resolution version of the same image.

2. The server returns a new stream type called a JPT-stream. This may contain header data, sample data and metadata. The sample data consists of tile-parts corresponding to the requested region of the image up to the requested resolution level. It provides transport efficiency gains over the first option, because tile-parts that are relevant to more than one request do not need to be resent. This efficiency does require more sophistication on both server and client sides, however. It is also still limited by the choice of progression order for each tile, and provides spatial accessibility only at the tile level.

3. The server returns a new stream type called a JPP-stream. In this case, the sample data consists of coding passes taken from individual precincts at each resolution level. It provides further efficiency gains at the expense of more sophistication, and it does not have the scalability or accessibility limitations of the second option.
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The fourth option uses HTTP (at version 1.1 or higher) for transport. Other protocols are also possible; the point is that the protocol is not specific to JPEG 2000. Architecturally this option is similar to the conventional delivery system. The difference is that efficient transport of the image data is enabled by the JPIP indexes defined in Part 9. These may be interrogated across the network and used to determine the correct byte-ranges of the file to fetch in response to a given application requirement. In this option, the application need not formulate its requirements within the paradigm of a JPIP protocol request, which may have advantages in some systems. Its other big advantage is that the server can now be completely conventional: all of the JPEG 2000 awareness resides on the client. The only new feature on the server is the presence of indexes, which could be generated offline.

Note that the JPIP protocol is designed to be compatible with HTTP, and so the JPIP transport in the first three options can be implemented as ‘JPIP over HTTP’. This approach was taken in the 2KAN implementation, discussed next.

3 2KAN software

3.1 Architecture
The architecture adopted for 2KAN’s JPIP implementation is shown in the diagram below. All four options described above are potentially supported by this architecture. The JPIP protocol is implemented over a connection between a JPIP client and a JPIP ‘proxy’ that acts as a gateway between JPIP and HTTP. Between the proxy and the ‘origin’ HTTP server, byte-ranges are transmitted according to look-ups performed in the file indexes also defined by Part 9.
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The proxy can stand as an independent entity with genuine network connections on both sides, or can be ‘collapsed’ into either the server or the client, with only one network connection. Joining the proxy to the server produces a JPIP server and potentially supports the first three of the above delivery options. In fact, these options are supported at a simple level directly by the 2KAN proxy, which can perform local as well as remote file access (although at present only the JPT-stream return type is implemented). Joining the proxy to the client produces an HTTP-only system supporting the fourth delivery option.

If desired, the entire JPIP system can be demonstrated on a single machine. This effectively collapses the client, proxy and server all into one.

3.2 Design

The design reuses as many existing building blocks as possible. The proxy interacts with the JPIP client through the Common Gateway Interface (CGI) of any typical web server (such as Apache). Thus, we did not have to reimplement a web server. It interacts with an HTTP server using the libcurl library. Thus, we did not have to reimplement a web client either.

The modularity of the system is also intended to separate the JPIP and JPEG 2000 aspects as much as possible. (Obviously, this is not possible entirely.) One advantage of this approach is that it would be relatively easy to modify the system to use a third-party JPEG 2000 codec other than OpenJPEG.

3.3 Software demonstrator package
A demo package for Linux is available at http://www.2kan.org/demonstrator.html
This includes a simple viewer that requires java and access to an X server. See the README file at the top directory level of the package for usage instructions.

The demo incorporates all of the software modules already described. The availability of source code for these modules is detailed below. 
3.4 List of downloadable modules

Modules developed by Elysium Ltd and hosted at the JPEG 2000 Group

These are available at http://www.j2g.org/cgi-bin/viewcvs.cgi/JPIP/
· deliver (JPIP proxy)

Modules developed by and hosted at Université catholique de Louvain
These are available at http://euterpe.tele.ucl.ac.be/cgi-bin/viewcvs.cgi/
· indexer_JPIP (file indexer)

· j2kviewer (client viewer)

· codec & libopenjpeg (JPEG 2000 library)

3.5 Breakdown of software in individual modules

deliver (JPIP proxy)

box.c – functions relating to JP2 file format boxes

codestream.c – functions relating to the JPEG 2000 codestream

main.c – main program called locally or from CGI

memo.c – abstraction layer for cached file access (currently trivial)

misc.c – miscellaneous functions

queue.c – functions relating to JPIP output

real.c – abstraction layer for real (raw) file access

local_file.c – real local file access

remote_file.c – real remote file access (using HTTP through libcurl)

indexer_JPIP (file indexer)

bio.c – individual bit input-output

cio.c – byte input-output

fix.c – operations of specific multiplication

index_create.c – main program + JPEG-2000 codestream reader/writer

int.c – operations on integers

jp2.c – boxes jp2 reader/writer

jpip.c – boxes jpip reader/writer

pi.c – packet iteration

t2.c – tier-2 coding

tcd.c – tile coder/decoder

tgt.c – tag-tree coder
codec

convert.c – transform input image information into integer matrix for the coder

image_to_j2k.c – main program for the coder

j2k_to_image.c – main program for the decoder
libopenjpeg (JPEG 2000 library)
bio.c – individual bit input-output

cio.c – byte input-output

dwt.c – discrete wavelet transform

fix.c – operations of specific multiplication

int.c – operations on integers
j2k.c – JPEG-2000 codestream reader/writer

jpt.c – jpt messages reader/writer

mct.c – multi-component transforms

mqc.c – MQ-Coder

pi.c – packet iteration

raw.c – operations about raw encoding

t1.c – tier-1 coding (coding of code-block coefficients)

t2.c – tier-2 coding

tcd.c – tile coder/decoder

tgt.c – tag-tree coder

3.6 Software to-do list
Full software support of the final JPEG 2000 Part 9 standard

Major items include:

· complete-image return-type(s)

· JPP-stream support

· metadata support

· cache-modelling

· optional request and response fields

This could lead to the possibility of becoming official reference software for JPIP.
Other developments

These could include:

· HTTP caching (memo.c in deliver)

· code optimisation for commercial use
Specific improvements that could be made to individual modules are also noted throughout the code in comments and in README files.
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