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ABSTRACT

This paper describes a scalable architecture for streaming of
JPEG2000 images, using Hypertext Transfer Protocol (HTTP).
JPEG2000 is a new image compress on standard. One of the goals
of JPEG2000 is to support large images. For a large image, even
the compressed image file size can be very big. Thus downloading
the entire image at its full resolution can take a long time
depending upon the user’s connection speed. Thus we propose to
use streaming of JPEG2000 images. We use Hypertext transfer
protocol (HTTP) for streaming. The use of HTTP to stream
JPEG2000 images will ease its deployment, because of the
widespread availability and accessibility of web servers. Thus
JPEG2000 images can be hosted by web server and can be
streamed to the client helper application. Our solution is scalable.
The clients can view image at a variety of resolutions and quality
levels. It is also possible to stream only selected region of the
image at a particular resolution and decode this partial stream and
display it at the client. Thus client devices with different
capabilities, variety of screen resolutions, heterogeneous
bandwidths can all achieve a sca able viewing of the same content
storedinasinglefile.
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1. INTRODUCTION

JPEG 2000 [4] is a new image compression standard. Apart from
improved compression efficiency, one of the main features of
JPEG2000 is its scalability support. JPEG2000 also aims at
supporting large images [6]. As an example, one of the JPEG

2000 standard test image (aeria 1.raw) has 14565 pixels per line
and 14680 lines per image. Large images compressed using
JPEG2000 result in a big file size even after compression. Thus
downloading the entire image can take a long time depending
upon the user’ s connection speed. This can result in ahigh latency
before the image can be completely displayed at the client side.
Besides the entire image at its highest resol ution may even exceed
the resolution of the client device. Although JPEG2000 defines a
scalable bitstream, it does not define a client-server architecture or
any protocol for transporting selected portions of the bitstream. In
this paper we propose a scalable architecture based on HTTP
protocol. We will use the term “streaming” to highlight the fact
that the client requests only selected portions of the JPEG2000
bitstreams from the webserver, instead of downloading the entire
image file.

Our motivation for using “HTTP” for streaming JPEG 2000
imagesis:

e Ease of deployment : currently images in JPEG and GIF
format are commonly hosted by web servers. The use of
web server (HTTP) as opposed to usng a separate
proprietary server to stream JPEG2000 will esse its
deployment.

e HTTP supportsreliable delivery.

HTTP [3] streaming concept has been used for streaming media
(audio, video) data. Real Networks [8] supports streaming encoded
RealMedia (ReaAudio, RealVideo) files using a web server.
However, typically the “seeking” (i.e. accessing the stream from
any intermediate point) support is very restrictive. Similarly
Microsoft windows media[7] also supports HTTP streaming of its
audio and video content. Adobe acrobat [1] uses byte-serving
from HTTP servers, to serveindividua pages of alarge PDF file,
using the byte-ranges feature. However the structure of a PDF file
is much simpler than JPEG2000 bitstream. None of the existing
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approaches or commercial products support streaming a
JPEG2000 file from web servers using HTTP streaming.

Vfile, avirtual file media access mechanism for JPEG2000 image
browsing was proposed in JPEG committee meetings[5]. This
proposes a set of application programming interface (API) for
random access of segments of JPEG2000 file, and an architecture
for cache management, network packetization, packet loss
recovery for JPEG2000 files. There are severd drawbacks of this
approach. It needs a proprietary server to support the above
features, where as our proposed approach can work with any
standard HTTP 1.1 web server. The Vfile approach tries to re-
invent some of the well-known concepts (e.g. use of timers to
handle packet loss, using hit counts for caching). These concepts
are dready built-in when we use HTTP, which runs on top of
TCP/IP, which supports reliable delivery. Caching is also already
supported by HTTP. Unlike audio, or video data, which has real-
time properties and thus can not be optimaly transmitted using
TCP/IP, the JPEG2000 images can be transmitted using such a
reliable delivery mechanism. While error concealment and error
reslience is an active research area for video and audio data, an
image (JPEG2000) typically needs to be transported reliably and

2. HTTP STREAMING ARCHITECTURE
FOR JPEG2000
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any packet loss is better handled by re-transmisson. Thus we
propose using HTTP streaming for JPEG 2000 images. This will
alow an easy deployment, since standard web servers can host the
JPEG2000 images. Some of the major innovations of our
proposed approach include : use of the HTTP protocol, and byte-
ranges feature of HTTP to handle scalability, the concept of using
a small index file to alow client to make intelligent requests to
the webserver, and handling of partial JPEG2000 bitstreams.

The rest of the paper is organized as follows. Section 2 gives
detail about our overall streaming architecture. Section 3 shows a
sample session illustrating the streaming using our proposed
architecture. This is followed by section 4 which gives a brief
introduction to JPEG2000 codestream structure. The Section 5
describes how to efficiently stream only selected part of the
complete JPEG2000 codestream. Our HTTP streaming
architecture uses an index file to assist streaming in a scalable
manner. The structure of thisindex file is described in Section 6.
An example of areal system built using our proposed architecture
isdescribed in Section 7. Section 8 provides a conclusion.

Content Info

<Image Info>

HTTP Requests

HTTP P
Streamed Data Streaming C_I|en_t
Helper Application

Figure 1: Scalable HTTP streaming architecture for JPEG2000 images

In this section we give the detail s about our proposed approach for
HTTP streaming of JPEG2000 images. Figure 1 shows various
components of the streaming architecture. Various stepsin HTTP
streaming of JPEG2000 images are listed bel ow.

e Web server hosts a web page consisting of thumbnails
images (in JPEG or GIF format) or names of JPEG2000
images. Each thumbnail image or name is linked to an index
file URL, having an extension which is recognized as a
MIME type by the client's web browser and is associated
with the JPEG2000 client browser (a client helper
application which can handle streaming and display of
JPEG2000 images). The index file consists of information,
which helps the client to determine which portions of the
codestream are necessary. It also has an URL, which points
to the actud JPEG2000 image hosted on a web server. The

client creates its HTTP requests using the information in the
index files.

e Theindex fileis downloaded from the web server by the web
browser and is passed to the helper application (JPEG2000
streaming client), when the user clicks on the thumbnail or
name of the image. The index file contains information about
the JPEG2000 encoded image as a URL; followed by the
main header, tile-part headers and packet header data The
details about index file structure are given in Section 6.

e The helper application sends a HTTP request to the web
server hosting the image, using the information from the
index file, to stream the lowest resolution version of the
JPEG2000 image. This request uses the byte-ranges festure
of HTTP/1.1 [3] protocol to obtain only a portion of the
JPEG2000 codestream.
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e The streamed lowest resolution version of the JPEG2000
image is decoded and displayed in the JPEG2000 client
browser window.

e The user can interact using zoom in / out, pan controls
through an user interface on the JPEG2000 client browser.
The user can also mark any region on the image by using
mouse. The corresponding byte-ranges are found based on
the index file and an appropriate HTTP request is sent to the
web server. A single request is created to obtain dl the
relevant parts of the bit-stream corresponding to the region-
of-interest. Again this request uses the byte-ranges feature of
HTTP/1.1 [3] protocol to obtain only the required portions of
the JPEG2000 codestream. This results in a lower delay.
Also the resultant response is easier to parse. It is aso
possible to send multiple requests so that the resultant
response from the web server will be quality scalable, thus
allowing the helper application to progressively provide a
high quality rendering of theimage.

e The resultant response from the web server is decoded and
displayed in the IPEG2000 client browser window.

3. ASAMPLE SESSION

In this section weillustrate the HTTP streaming of a JPEG2000
image using the steps described above. The results shown here are
those obtained by using areal web server and aHTTP/1.1
command line client. We used HTTP/1.1 compliant Apache
server (version 1.3) [2] running on windows NT 4.0.

1. Get theindex file:

Client (Web Browser) to Server Request :

GET /index_files/indexl.idx HTTP/1.1
Host: www. host 1. com

CRLF

Server to Client (Web Browser) Response :

HTTP/ 1.1 200 OK

Date: Fri, 07 Jul 2000 22:45:48 GV

Server: Apache/1.3.12 (Wn32)

Last-Modified: Fri, 07 Jul 2000 22:45:28 GVI

ETag: "0-56-39665d88"

Accept - Ranges: bytes

Cont ent - Lengt h: 86

Cont ent - Type: text/jpeg2000_i ndex_file

CRLF

http://ww. i rageshost. com i nage fil es/inmagel
j peg2000. j p2

[ mai n_header _data] ..

[til e-part _header _data]..

[ packet _header _dat a] ..

2. The index file has information about the corresponding
JPEG2000 image.

e.g. Theimage URL is:
http://www.imageshost.com/image_filesimagel_jpeg2000.jp2
The header dataiis parsed by the client to find out which parts of
the JPEG2000 bitstream correspond to the lowest resolution
image. As an example, let us assume that theimage is encoded as
asingletile and that the lowest resolution versionis encoded in
bytes [120,1068].

3. Get the lowest resol ution JPEG2000 image :

Client (Helper application) to Server Request :

GET /image_fil es/inagel_jpeg2000.j p2
HTTP/ 1.1

Host: www. i mageshost.com

Range: byt es=120-1068

CRLF

Server to Client (Hel per application) Response :
HTTP/ 1.1 206 Partial Content

Date: Fri, 07 Jul 2000 22:38:58 GWI
Server: Apache/1.3.12 (Wn32)
Last - Modified: Wed, 05 Jul 2000 19:04: 01 GVII
ETag: "O-fffb-396386al"
Accept - Ranges: bytes

Cont ent - Lengt h: 949

Cont ent - Range: bytes 120-1068/ 65531
Cont ent - Type: image/jpeg2000

CRLF

[i mage data bytes 120-1068]

4. Decode and display the lowest resolution image in the
JPEG2000 client browser window.

5. The user interacts with the displayed lowest resolution image in
the JPEG2000 client browser window. Theinteraction resultsin a
request to get arectangular region-of-interest at a particular
resolution with top left corner at (100, 180) and width and height
of 200 and 500 respectively. Then from theindex file if the
corresponding bytes needed from the JPEG2000 bitstream are
say” : 120-168, 175-200, 205-300, 345-346, 400-500, 555-666,
667-800, 900-1000, 2500-2567, 2890-3056, 5678-9000, 10000-
12004, 12050-12060, 15600-15605, 17000-17001, 17005-17010,
17050-17060, 17800-17905, 20000-20005. A JPEG2000
bitstream is byte-aligned for the individua independent units. If
this were not the case, the request will still be at the byte
granularity and the response can be parsed to get rid of the
irrdlevant bits.

Client (Helper application) to Server Request :

GET /image_fil es/imagel_j peg2000.]j p2

HTTP/ 1.1

Host: ww. i mageshost. com

Range: byt es=120-168, 175- 200, 205- 300, 345-
346, 400- 500, 555- 666, 667- 800, 900- 1000, 2500-
2567, 2890- 3056, 5678- 9000, 10000- 12004, 12050-
12060, 15600- 15605, 17000- 17001, 17005-

17010, 17050- 17060, 17800- 17905, 20000- 20005
CRLF

Server to Client (Hel per application) Response :

HTTP/ 1.1 206 Partial Content
Date: Tue, 01 Aug 2000 16:38:35 GV
Server: Apache/1.3.12 (W n32)

2 Sections [4-6] describe how client finds out the required
portions of the JPEG2000 bitstream.
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Last-Mdified: Wed, 05 Jul
ETag: "O-fffb-396386al"
Accept - Ranges: bytes

Cont ent - Lengt h: 8350
Cont ent - Type: rmultipart/byteranges;
boundar y=3986f dOb22d

CRLF

CRLF

- - 3986f dOb22d
Cont ent -t ype:
Cont ent - r ange:
CRLF

[i mage data bytes 120-168]
- - 3986f dOb22d
Cont ent -t ype:
Cont ent - r ange:
CRLF

[i mage data bytes 175-200]
- - 3986f dOb22d

2000 19:04: 01 Gvr

i mage/ j peg2000
byt es 120-168/65531

i mage/ j peg2000
byt es 175-200/ 65531

--3986f dOb22d
Cont ent -t ype:
Cont ent - r ange:
CRLF

[image data bytes 20000- 20005]
- - 3986f dOb22d- -

i mage/ j peg2000
byt es 20000- 20005/ 65531

6. Decodethenul ti part/ byt er anges response from web
server and display the corresponding portion of image in the
JPEG2000 client browser window.

Steps 5 and 6 above are repeated based on the user interaction.

4. JPEG 2000 CODESTREAM
STRUCTURE

In JPEG2000, an image consists of components. An image may
be spatidly divided into tiles and tile-components, where each tile
is independently coded. A tile-component is then divided into
resolutions and sub-bands. A resolution can be partitioned into
precincts using rectangular grids. A sub-band is divided into code-
blocks where each code-block is an independent coding unit. A
precinct may consist of a rectangular region of code-blocks in dl
subbands of the same resolution. The coded data of each code-
block can be distributed across one or more quality layers in the

codestream.  The data representing a specific tile, layer,
Tile-part 1
Main _ _
header Header Tile-part bitstream
Packet Packet
11 1m,
Lrin Lt L1an

component, resolution and precinct appears in the codestream in a
contiguous segment called a packet.

There are two types of headers in the codestream (see Figure 2).
The main header is at the beginning of the codestream. The tile-
part headers are found at the beginning of each tile-part, where
tile-part is a portion of the codestream that makes up some or all
of a tile The main header provides information about the
uncompressed image such as width, height, width of atile, height
of atile, number of components, bit-depth of each component,
etc. It aso provides the coding style default (COD) (eg.,
decomposition leves, progression order, number of layers, code-
block size, wavelet filter used, packet partition size, etc.), the
quantization default (QCD), as well as some optional information
such as region of interest, packed packet headers (PPM), alist of
packet lengths (PLM), the length of every tile-part in the
codestream (TLM), etc. The main header is followed by one or
more tile-parts (each tile-part includes a tile-part header and the
tile-part data). Similar information can be included in the tile-part
header to override the default in the main header. The tile-part
data consists of packets.

The lengths of the main header and each tile-part header, and the
length of each tile-part, can al be easily derived from the main
header or tile-part headers. In addition, the length of each packet
can be obtained from the main header or derived from the packet
headers located in the main header or in the codestream. Based on
this information and the length of code-block contribution
information included in each packet header, we can identify the
| ocations/segments of the codestream for a particular code-block,
precinct, resolution, component and layer.  In fact, an index file
can be generated to record these indexing information by parsing
the codestream headers, including the main header, tile-part
headers and packet headers. This index file can then be used to
facilitate the retrieval of a particular portion of the codestream.

For a given tile, the order in which the packets are interleaved is
called the progression order. The interleaving of the packets can
progress along four axes: layer, component, resolution and
precinct. There are five alowable progresson orders in the
standard which are signaed by the COD and/or Progressive order
change default (POD) markers in the main header.

Layer-resol ution-component-position progressive
Resol uti on-layer-component-position progressive
Resol uti on-positi on-component-layer progressive
Positi on-component-resol ution-layer progressive
Component-position-resol ution-layer progressive

g~ E

Tile-part N

' Header | Tile-part bitstream
Packet Packet
N1 Nmy

Lnn Ltnb

Figure 2: Codestream structure
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Figure 3: Resolution-layer-component-position progressve order of packets
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Figure 4: Layer-resolution-component-position progressive order of packets

5. STREAMING SELECTED PORTIONS OF
THE CODESTREAM

Since a JPEG2000 codestream is well structured, it is easy to
retrieve some portion of the codestream for a particular interest.
Some typical applications are resolution scalable, qudity scalable
and region of interest streaming. We will discuss how to locate

the corresponding portions of the codestream for these
applications in the following.

1. Resolution Scdability

It is relatively easy to achieve resolution scalability. If the

progression order follows Order 2 or Order 3, then the data for a
particular resolution will be a contiguous segment in the
codestream (see, e.g., Figure 3), with the bounding points Lgq, ...,
Lrnmax, €8Sily identifiable from the index file. If the progression
order follows Order 1, then the data for a particul ar resolution will
be distributed over several separate contiguous segments (one in
each quality layer) in the codestream (see Figure 4), with one
segment in each layer (e.g., segment (L iro , Liirs ) for the ith
layer). If the progression order follows Order 4 or 5, then the data
for a particular resolution will again consists of several separate
contiguous segments in the codestream, with one segment in each
precinct and each component.

2. SNR Scalability

It is aso relatively easy to achieve SNR scalability, especialy
when the codestream follows the first progression order (see
Figure 4). For the other progresson orders, the data for a
paticular qudity layer is distributed over severd separate
contiguous segments in the codestream. Their locations can be
obtained from theindex file.

3. Region of Interest (ROI) Streaming

It is more involved to achieve region of interest streaming at the
client sde. For an arbitrary region in the spatid domain, you
need to trace how each coefficient and pixd vaueis reconstructed
in the inverse wavelet transform, and find the corresponding
region in each subband that contributes to the reconstruction of
the ROI. The precincts and code-blocks that are needed to
reconstruct the ROI can then be identified. The compressed data
for these precincts and code-blocks can then be located and
retrieved at the server side for streaming.

For JPEG2000 files that consist of multiple tiles, we only need to
address those tiles that have partial overlap with the ROI. In the
following, without loss of generdity, we assume that the ROl is
totally situated inside the tile under consideration. For a 1-D case,
let x denote a position in the ROl mask for the parent band and let
f_p and f_n denote the posdtive and negative extents of the
relevant synthesis filter. Then the point x is influenced by any
subband samples whose “upsampled” locations arein the range x-
f_p to x+f_n. In most implementation notation, the low-pass
subband samples have upsampled locations 2n, while the high-
pass subband samples have upsampled locations 2n+1. If the f_p
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and f n are computed with respect to this definition of
upsampling, then for low-pass subbands, the subband samples
which contribute to x are those in the range ceil (x-f_p)/2) to
floor((x+f_n)/2), while for high-pass subbands, the samples which
contribute to x are those in the range ceil((x-f_p-1)/2) to
floor((x+f_n-1)/2).

Precinct
‘lﬁi Code-block
/’/// ’//// \\\
7 ,/ ! \
/7 s l’ \
S = V| Wavelet
P/ | \ | domain
1 1 \ 1
I \ \ !
| \ ! i
1' \\ \ :
\ y \ \,
Spatial
domain

Figure 5: mapping from code-block left boundariesto vertical
linesin the spatial image domain

In many applications, the region of interest will be a rectangular
area, or can be expanded to a rectangular area. In this case, it is
easier to trace the corresponding region in each subband. Only the
upper-left and the lower-right corners of the ROl need to be
traced. If the ROl mask in the parent subband covers the
coefficients between upper-left corner (xO, yO) and lower-right
corner (x1, y1), then the mask in the new/children subband will
cover the coefficients between (x0', yO') and (x1', y1'), where

For LL band
x0' = cell((x0-f_p)/2) , xO = cal((y0-f_p)/2),
x1'=floor((x1+f_n)/2), y1'= floor((y1+f_n)/2)

For LH band
x0' = cell((x0-f_p)/2), yO' = ceil ((yO-f_p-1)/2),
x1'=floor((x1+f_n)/2), y1'=floor((yl+f_n-1)/2)

For HL band

x0' = cell((x0-f_p-1)/2) , yO' = ceil((yO-f_p)/2),
x1'=floor((x1+f_n-1)/2), y1'= floor((yl+f_n)/2)

For HH band
X0’ = call((x0-f_p-1)/2), yO' = ceil((yO-f_p-1)/2),
x1'=floor((x1+f_n-1)/2), y1'=floor((yl+f_n-1)/2)

For rectangular ROIs, the identified precinctscode-blocks will
also form a rectangular region in each resolution/subband.
Depending on the progression order, a row of precincts may
occupy a contiguous codestream segment. If some precincts only
cover a few code-blocks of interest, then only the data for those
code-blocks, instead of the whole precinct, may be retrieved and
streamed.

In fact, for each left boundary of a code-block in a particular
subband, we can identify a vertical line in the spatial domain that
has the property that any pixel located to the right of the line or on
the line will not depend on any coefficient located to the left of
the code-block boundary (Figure 5). For example, if the left
boundary of a code-block is a a position x, then the
corresponding line in its parent subband will be at a position x’
where:

If the code-block isin LL band or LH band
X' =x*2+f_p-1

If the code-block isin HL or HH band
X'=x*2+f_p

These vertical lines will be equally spaced (with an interval twice
as large as the code-block width) except possibly the two
immediately adjacent to the boundaries of the image where there
is an offset based on the filter length. These vertical lines in the
spatial domain then divide the image into segments so that based
on which segment a ROI |eft boundary locates, we can conclude
which code-block in that particular subband will be the left-most
that will be needed for the reconstruction of the ROI.  Note that
for different subbands, these vertical lines may be located at
slightly different places. Similarly, we can segment the image into
vertical strips or horizonta strips so that the right-most, top-most
and bottom-most code-blocks needed for the reconstruction of the
ROI can be identified. Figure 6 shows the partition of the spatial
image for the code-blocks in a particular subband.

Left boundaries Right boundary

PR D 5 SHPIS U SN % Lower boundaries

:i Upper boundaries

Figure 6: partition of the spatial imagefor code-blocksin a
particular subband

We can also create a partition of the spatia image for the
precincts of a particular resolution. For this purpose, we only need
to look at the boundary code-blocks of a precinct. For the left
boundary of a precinct not in the lowest resolution, we will have
three vertical lines in the spatial image, one for each subband in
this resolution. The right most of these three vertica lines will be
used to partition the spatial image for the left boundaries of the
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precincts in that particular resolution. Similarly, we can have a
partition for the right, upper and lower boundaries of the precincts
in a particular resolution. For different resolutions, we generally
will have different partitions.

This partition information can be stored in theindex file for easier
retrieval and streaming of aROI. Given arectangular ROI, based
on the locations of the upper-left and lower-right corners in each
partition, we can identify the upper-left and lower-right corners of
the rectangular region of interest of precincts in each resolution,
as wel| as the upper-left and lower-right corners of the rectangular
region of interest of code-blocks in each subband. This
information will then be trandated into segments of interest of the
codestream, which will be retrieved using HTTP/1.1 for the
reconstruction of the ROI.

6. STRUCTURE OF THE INDEX FILE

The index file mentioned previously isintended for facilitating the
fast retrieval and streaming of portions of interest of the image. It
will be dored at the server together with the JPEG2000
codestream, either as a separate file or as meta-data in the
JPEG2000 file format portion. It can be as simple as a collection
of all the header information of the codestream. It can also be as
complex as including al the spatid domain partition information
discussed above for region of interest streaming. The followings
are afew examples for the possible structure of the index file. The
trade-off is the ease of computation at the client sde vs. the
storage requirement a the server side and the transmission time
for theindex file.

e Simply as a collection of the header information of the
codestream :

These include the main header, tile-part headers, al packet
headers, and packet length and tile-part length information (if not
already in the main or tile-part headers in which case they have to
be calculated by parsing the tile-part headers and packet headers).
Note that the codestream has the option of including packed
packet header and packet length information in the main header or
tile-part headers. The codestream a so has the option of including
tile length information in the main header. If this is the case, the
index file only needs to store the main header and the tile-part
headers. Typicaly, the size of the index file will be around 1% of
the original codestream.

¢ Incduding header information and progressive partition
information :

In addition to the header information, the index file can also store
the partition information of each tile-part in terms of their
progression axes. For example, if the packets are interleaved in
the Resolution-layer-component-position progressive order, then
all the partition points Lg; (for the i'th resolution), Lgi; (for the
j’th layer within the ith resolution), Lgijck (for the k’th component
within j'th layer and i'th resolution) and Lgijce (for each
packet) will dso be stored in the index file.

e Including headers, progressve partition information and
spatial domain partition information :

A more detailed index file can store al the spatial domain
partition information discussed in Section 5 for region of interest
streaming. These include the spatid domain partitions for the
precincts of each resolution and the spatial domain partitions for
the code-blocks of each subband. For each spatial domain
partition, only the offset of the first horizontal/vertical line and the
constant interval for the rest of the lines need to be stored in the
index file. The mapping from each spatial segment to a precinct or
a code-block can also be stored in theindex file.

7. AN INTERACTIVE, SCALABLE
JPEG2000 IMAGE BROWSING SYSTEM

We have developed an interactive application based on our
proposed HTTP streaming architecture. The JPEG2000 images
are hosted on aweb server. We used HTTP/1.1 compliant Apache
server (version 1.3) [2] running on windows NT 4.0. The system
has aso been tested with Netscape Enterprise server (3.5.1),
which supports older x-byteranges extension instead of HTTP/1.1
byteranges. The HTTP client helper application software was
developed and includes the HTTP streaming part and JPEG2000
partial bitstream decoder. The client hel per application works with
Netscape Navigator as well as Internet Explorer browsers. When
the user clicks on any of the JPEG2000 links on the web page, the
index file is downloaded, the client helper application is invoked
and the lowest resolution part of the codestream is obtained from
the web server, decoded and displayed in the client helper
application. A screen shot after this first step is shown in Figure 7.
A menu isdso dynamically created to indicate the user how many
different resolutions the image was encoded with. At this time the
user can request any of the higher resolution image to be viewed
by choosing from the “Zoom” menu options. This will result in
requesting the additional image data from the web server and
decoding and displaying the image at the particular resolution in
the client application. A screen shot of this is shown in Figure 8.
The lowest resolution image (thumbnail) is aways kept displayed
in the client helper application in the top left corner. Qudity
scalability is achieved since the bitstream is organized into several
quality layers. Thus as soon as the response for any request starts
arriving, decoding and display can start, thus resulting in a
gradud build-up of the image. Figures 9 (a) to (d) show severa
successive quality levels as the image quality improves due to the
arrival of more data. The user can mark any region on this lowest
resolution image and request only the compressed JPEG2000
codestream part corresponding to the marked region. The
response from the web server is again parsed, decoded and
displayed. A screen shot for thisis shown in Figure 10. Thus this
interactive application is useful to quickly browse large image
databases by only looking at thumbnails. When the user finds the
image (s)he is looking for (s)he can view the entire image or any
region of the image a any particular resolution and quality level.
Since only the requested part of the codestream is streamed to the
client, users can pick and choose their viewing experience based
on their available bandwidth and the capability of the display
device, thus resulting in a scdable  solution.
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Figure7: A screen shot showing thumbnail asthefirst
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Figure8: A screen shot illustrating resolution
scalability capability
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Figure 9: Quality scalability resulting in successive build-up of image with increasing quality from (a) to (d)
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Figure 10: A screen shot illustrating region-of-interest streaming capability

8. CONCLUSION

In this paper, we have proposed a scalable architecture for
streaming JPEG2000 images. The proposed architecture uses
standard web server to host the JPEG2000 image content and
streams the images to the client usng HTTP protocol. The
proposed approach can handle resolution, quality and region of
interest scalability features of JPEG2000 images. We believe the
use of standard web server to achieve the scalable streaming will
ease the deployment of JPEG2000 images and would enable some
novel and versatile applications.
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