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ABSTRACT

The JPEG 2000 compression standard includes several optional file formats called the JP family of file formats. One, the
JPM fileformat (file extension: .jpm) is aimed at compression of compound images: those have multiple regions, each with
differing requirements for spatia resolution and tonality. Document images are common instances of compound images. B
applying multiplecompression methods, each matched to the characteristics of a distinct region, significant compression
advantages can be achieved over use of a single compression method for the entire image.

1. JPEG 2000 FEATURESRELEVANT TO DOCUMENT IMAGING
JPEG 2000 istypically thought of as awave et-based compression method primarily aimed at compression of photographic
images, but in fact it is intended to support awide range of image applications, from digital photography to medical imaging
to remote sensing and document imaging. Significant classes of document imagesnow contain tonal and color information.

1.1 Support for reprocessibility

JPEG 2000 promisesto become a commonly used compression means for moving high-quality image datain and out of high-
speed document scanners and printers. Since it provides a full-tonality representation of a document image, the smooth
characteristic of edges can be preserved, allowing awide variety of post-processing steps to occur to create derivative images
suited to disparate applications or devices. Many systems have been deployed which deliver thi flexibility using baseline
JPEG DCT coding; JPEG 2000 offers superior image quality or smaler image sizes. The use of compressed tona images
makes such post-processing architectures practical. Scanners delivering JFJEG 2000 data can have the skew removed b
rotation of the decompressed data Data can be scaled to multiple different resolutions for different purposes (e.g. web
viewing and printing). Color forms can have different colors dropped-out in different region from the same source image fo
data extraction. Printers receiving JPEG 2000 data can adjust the bitona image sent to the print head to compensate for the
specific tonal reproduction curve (TRC) of the device.

1.2Browsing and viewing

The JPEG 2000 compression standard offers several mechanisms to ease browsing and these are directly applicableto
document imaging.

Compressed datastreams may be organized as progressive by quality or progressive by resolution. This alowsarough
overview image to be quickly presented to the end user who can then make decisions about which portions of the image
should be viewed in greater detail. This can occur at arelatively fine spatial granularity determined by the spatia size of the
code blocks. Fragmented codestreams allow greater flexibility in streaming data.

Tonal images are much more suitable for viewing on current moderate-resolution displays, even when viewing primarily bi-
modal content such astext.

Theartifacts introduced by the wavelet transform in highly-compressed JPEG 2000 images are much |ess objectionabl e than
those produced by DCT JPEG. A flattening of the tonality within strokes of a document image is amuch less jarring artifact
than the ringing and blockiness seen with the DCT at high compression ratios. Such a flattening can actually idealize the
strokes of a document image, by removing accidental subtletiesin marking device pressure or smoothness.

1.3 Palletized color

The addition of palletized color compression to the JPEG 2000 standard offers interesting possibilities for document images,
such as providing low tonality (2, 3, or 4 bit/pixel) images for anti- aliasing bitonal content on moderate resolution displays.



While 1-bit per pixel datawill not compresswell compared to other schemes, the palletized color compression method alows
system designs having both tonal and bitonal data, but only one encoder-decoder.

1.4 Metadata ar chitecture

The JP family of file formats offers arich metadata mechanism. XML metadata boxes may be standardized fo metadata
structures of wide industry applicability. An alternate method using globally uniqueidentifiers alows proprietary or ad-hoc
metadata to be added to filesas well.

1.5 JPEG codestr eam

The JPEG 2000 coding engine makes use of tiles, components, decomposition levels (resolutions), precincts (spatial region
acrossthe 3 subbands at agiven resolution level for atileand component), codeblocks and layers. (For adescription, see
Reference 1.) The resulting JPEG 2000 codestream is organized as a series of packets, where a packet contains agiven
number of bit-planes from a codebl ock in the precinct for one component of atile. The order inwhich the packets are
presented to a JPEG 2000 decoder determines the order in whichthe image is decompressed, and different packet orderings
lead to different progression modes upon decompression. For example, if the packets are grouped by resolution level, and
these groupings of packets are presented in order from the highest decomposition level (lowest resolution level) to the lowest
decomposition level, then the result is progressive decompression by resolution. Altogether, JPEG 2000 supports progression
by resolution, quality, spatia location and component (or color). Whilethe packets for a given codestream are normally
contiguous in afile, they can also be fragmented or interleaved with other, either image or non-image data.

1.6 Multiple layer imaging

Multiple layer imaging is defined in the JPM section of the JPEG 2000 standard. It is of key interest to document imaging
and is covered in the remaini ng sections of this paper.

2. MULTIPLE LAYERIMAGING
Multiple layer imaging enables the use of different compressi on methods in different regions of a compound image. Pixels o
regions of pixels may be sorted to any of multiple layers where different pixel depths, spatia resolutions and compression
methods may beused within the same composite imagefile.

2.1Background
2.1.1TheLFr system

In January 1992, one of the authors (LS) submitted a Picture Elements white paper to Vinton Cerf of the Corporation fo
National Research Initiatives (CNRI) describing a document-progressive browsing system called LFr (pronounced “leafer”)
designed for browsing document images over alow-bandwidth network. The output of a document understanding operation
resulted in severa layers of progressively-refined rectangle descriptors in the server representation of the document. The
coarser, initial layers described paragraphs of text and photographs as typed rectangles. As bandwidth permitted, deeper
layersrevoked each of these initial rectangles for apage and replaced them with smaller, more refined rectangles emblematic
of text lines and search hit words. At the deepest layers, actual image data was sent for entire paragraphs, with 37, 75, 150
and 300 dpi ITU-T T.6 compressed bitona images providing progressive refinement. A protocol was proposed which
permitted the order of refinement of layout objects to be definedby the client user’'s mouse position over the current
compositing of the page. This approach of using document understanding to inform aremote document browsing system was
described during a tak at the February 1992 SPIE conferencein San Diego [2]. The image browsing LFr system was
subsequently prototyped and demonstrated at an exhibition in the National Digita Library Visitors' Center in the Library of
Congressin Washington, DC in 1993.

2.1.2 Layered imaging at the Library of Congress

Michael Ott, Cynthia Ott, Rick Crowhurst and one of the authors(LS) at Picture Elements developed and demonstrated a
layered imaging compression scheme for the Library of Congress in 1995-1996. Two approaches were described. The first
promotes information associated with high-strength edges to one of two high-resolution bitonal layers, a drive-white layer or
a drive-black layer which are compressed using ITU-T T.6 compression. These features are removed from the sourceb



averaging. The residual source image is lowered in spatial resolution and compressed using baseline JPEG. The imagei
assembled from the three planes, such that all pixel locations not driven black or driven white are transparent and the residual
image showsthrough. The second method had three planes, an edge-location plane at high resolution, and two low-resolution
lumi nance planes: aluminance dark plane and aluminance light plane. Thelatter two planes identified the shade of gray used
for the dark and light pixels of the bitonal image in the corresponding region. This method was implemented and had good
performance except in halftone regions, and thus would have required an additional method to exclude them. Sample images
were generated, but the layered imaging approaches were not recommended for use by the Library owing to the fact that the
werenot standardized. RFC 2301, issued in 1998, solved that standards problem [3].

2.1.3 Antiqgue Booksat CMU

The Antique Books web site at Carnegie Mellon University demonstrated a means of representing a two-layer image by
laying atransparent GIF over an HTML background JPEG image [4].

2.2Mixed Raster Content
2.2.1 Facamile applications

Mixed Raster Contentisan ITU-T standard that originated in facsimile [5, 6]. By the mid-1990's, facsimile had a nhumber of
methods for the transmission of black-and-white and color documents. For black-and-white (bitonal) content, there was
Group 3, Group 4 and JBIG compression; for lossy color, JPEG; and for losdess color, JBIG, including pal ette color. Each of
these compression methods was designed for aparticular kind of content and was applied to all pages in a facsimile session.
The problem however was what to do with a page that contained a combination of bitonal and color content. Originall
described in ajoint proposal by Xerox and Hewlett Packard in 1996, the ITU-T Mixed Raster Content (MRC) standard was
designed to solve this problem. Instead of inventing a new compression method, MRC defines a model for using existing
compression methods to represent i mages that contain a mixture of raster content.

The base mode of MRC decomposes a mixed-content image into 3 layers: a bitond Mask layer and color Foreground and
Background layers. Recomposing the image is a relatively simple operation that uses the Mask to select pixels from th
Foreground or Background layer for the recomposed image. Wherever the Mask layer pixel value is 1, the corresponding
Foreground layer pixel is used; when its value is O, then the corresponding Background layer pixel is used. The power of
MRC comes from digtributing the content from the original image into different layers, with like content being placed inth
same layer where it can be encoded in a way best suited to the content of that layer and differently than the content of the
other layers. Besides compression, the encoding includes the choice of spatial resolution and bit depth.
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Consider a simple example, shown in Figure 1, with a facsimile page containing a color image and colored text. In this case,
the text shapes are placed in the Mask layer, the color image in the Background layer, and the text color as rectanglesin the
Foreground layer. Sincetext typically requires higher spatial resolution for edge rendition than images, the Mask layer can be
at ahigher resolution than the Background layer, or alternatively, the Background layer can be subsampled with respect to the
text in the Mask layer. The Mask layer would be compressed losslesdy, using Group 4 or BBIG2 for example, and the
Background layer would be compressed using an algorithm, such as JPEG or JPEG 2000, suitable for color images. In this
example, the Foreground layer could be encoded as a pal ette color and losslesdy compressed. In addition, only those portions
of the layers containing valid image data need be encoded; thi  white-gpace skipping further improves the compression
performance of MRC. Extensions to the ITU-T MRC standard now support morethan 3 layers, where additional layers are
added as Mask-Foreground pairs.

Figure 2 shows an example of MRC with JPEG 2000 applied to cmpndl, one of the compound images from the JPEG 2000

test image set. Figure 2(a) shows a portion of the original image. Figure 2(b) showsthe same portion compressed with JPEG
2000 at 0.5 bits per pixel. In Figure 2(c), MRC has been applied, with JPEG 2000 used for the image regions and JBIG2 for
the text regions, the overall bit rate in Figure 2(c) is 0.5 bits per pixel. In this case, only 2 MRC layers are used, the Mask and
Background, with the Foreground layer absent and defaulted to black. This simple example shows the improvement in

quality (or aternatively compression) with MRC.



(a) Original We came back with a lot of fantastic memories. which we would

like to share with you through some snapshots that we took,

(b) JPEG 2000 at 0.5 bpp We came back with a lot of fantastic memories, which we would

like to zhare with you through zome snapshots that we took,

(b) MRC at 0.5 bpp We came back with a lot of fantastic memories. which we would

like to zhare with you through some snapshots that we took,

Figure 2: Comparison of Original, JPEG 2000 compressed and MRC compressed images
222 TIFF-FX File Format

While originally devel oped for Group 3 facsimile, MRC can also be used with Internet facsimile, where transmission occurs
over the Internet instead of phonelines. In Internet Fax and store-and-forward applications, the same compressed image data
used in Group 3 facsimile transmissions is wrapped in a TIFF file. The file format standard for Internet Fax is TIFF-FX
(TIFF for Fax eXtended), which specifies severa profiles, one for each of the standard methods of facsimile [3]. Among
these is Profile M, which specifies the TIFF representation of MRC data. The TIFF-FX standard, including Profile M, ha
undergone interoperability testing, as required by 1ETF procedures, and at the time this was written, was in the process of
becoming aDraft Internet Standard. The MRC formats used in fax applications support in effect aspatially progressive mode
of decompression, where a layer is further decomposed in non-overlapping strips, which are rendered sequentialy. Thi
approach can be traced to the early daysof fax, when image transmission occurred between synchronous senders and
receivers without memory.



2.2.3 MRC Applications

The MRC concept is now found in other applications besides facsmile. One of the first was to apply it was the ScanSoft
(formerly Xerox) Pagis product, which uses the multi-layer XIFF image format, with a combination of standard and

proprietary methods for compressing theimage layers. The proprietary methods are a wavelet-based one for color and a
symbol-matching precursor to JBIG2 for bitonal [7]. Th DjVu product developedby AT& T and now owned by LizardTech
offers proprietary wavelet compression for the color Foreground and Background layers and symbol-matching compression
for the bitonal Mask layer [8, 9]. DjVu was developed intended for the distribution of color document images over the Web.

Luratech has asimilar product called LuraDocument, which also uses proprietary wavelets for the color layers and context-
based bitonal compression for the Mask layer [10]. The Image Powe Power Compressor Toolkit adso offers MRC

functionaity, with optional wavelet compression [11]. Most of these products are designed for the management of scanned
images with mixed color and bitonal content.

There are two observations to be made here. Oneis tha there are multiple MRC-based products with wavelets. Another i
that these products for the most part use proprietary compression methods and non-interoperable formats. JPEG 2000 with an
MRC-based format that takes advantage of the JPEG 2000 capabilities promises an open and interoperable standard to
promote use of mixed-content imagesin new and emerging applications.

2.3 Simple animation modéel

While support for animation will now also occur elsewhere in the JP family of file formats, one short data structure with
looping, persistence and timing parameters makes a simple form of animation possible in JPM. The basic concept of laying
image content down in rectangles on a composited frame is basicdly the same in MRC and in animation. Support fo
animation using JPEG 2000 is also likdy from established animation standards such as MNG/ING [12].

3. JPM FILE FORMAT IN JPEG 2000

The MRC-based format in the current JPEG 2000 working draft is caled JPM (JPEG 2000 Multilayer), which is amember of
the JPEG 2000 family of file formats. Like the other file formats in JPEG 2000, it is based on the architecture of JP2 , the
proposed minimal file format for JPEG 2000 compressed image data. One of the ways of thinking about JPM is offering
another level of progression, by MRC layer, that intersects with progression modes enabled now by JPEG 2000 codestream
packets.

3.1 Layout objects

The current version of JPM is based on the ideaof layout objects, a name that may change as the JPEG 2000 progresses, but
which captures the essential ideaof MRC in JPEG 2000. A layout object consists of an operator, amask object and an image
object. The operator describes how the mask and image are combined. In terms of the MRC model, a layout object is
basically a Mask-Foreground image pair, where each image of the pair is represented by an independent codestream, possibly
fragmented into groups of packets.

Mask objects and image aobjects are constructed the same way. These objects describe where the mask or image is placed
within aframe and point to the mask or image data. The frame is the area within which the layout objects areimaged; it has a
width, height and resolution.

3. 2 Layout object table

The layout object table identifies in one place the codestream layout information for the page. The layout table contains all
the layout objects in the file, along with their descriptions.

Figure 3 shows an example of a simple compound image with two layout objects. The first layout object represents a color
image, and consists of: an image object for the color image itsalf and a mask object that in this case isthe same size asthe
color image. The second layout object represents abody of text. Its mask object isthe text itself; its image object is the colo
of the text, which isblack. In general, layout objects can overlap, although in this example, they do not.
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Figure 3: Layout Objectsin the JPM fileformat

The mask and image objects that make up alayout object are each defined by a set of parameters The parameters are: an
object identifier; the object coder identifier; the height and width of the area within the framein which the object isimaged;
the horizontal and vertical offset of the origin of this areawith respect to the origin of the frame; an object base color, which
isthe pixel valueto use when thereis no coded datais present; and finally the location of the object'simage data. The image
data can either be stored within the JPM file, in which case the location isthe offset within the file to the start of the object's
image data, or it can be stored external to the file. In the latter case, the object's location is areference, possibly a URL, toth
data fileor resource that contai ns the object's image data.

In the example of Figure 3, the Mask Object of Layout Object 1 and the Image Object of Layout Object 2 are both black
images (pixel value 1) and can be compactly represented using the Object Base Color. For compatibility with the base MRC
model, the Mask Object of Layout Object 1 (the Background Layout Object) would be a black image. Also, the image and
mask objects of both layout objects have the same size in the frame, although there is no requirement for this to be so in

general.

The width and height of an object, given in frame resolution units, can be different than the width and height of the image
data. When this happens, theimage data is scaled before it isimaged in the frame. Normadly the resolution of the frame is the
same as that of the highest resolution Mask object.

In atypical JPM file, the Image Object Coder is JPEG 2000. The Mask Object coder can be any suitable binary coder, such
as BIG2.

3.3 Thumbnail and JP2 compatibility

A thumbnail or other image may appear in a JPM file to provide compatibility with the smple JP2 file format defined as an
optional feature in JPEG 2000 Part 1. This ensures that simple readers whichare JP2 compatible, but not JPM compatible,
will give the user some idea of what the compound image looks like. Previewing functions within operating system file
browsers can make use of thisfeature aswell.

3.4 Fragmented codestr eams



A key benefit of fragmented codestreamsisto allow interleaving of multiple codestreams. This gives a better user experience
astheinitial rough layers can be sent first for all regions of the page. Interactive feedback from the end-user’ smouse position
could also be used by aclient program to request aternative orderings of fragments, different from the ordering found on the
server. Thus, a layout object of interest, or a sub-region of a layout object, could be refined to a greater degree than the
surrounding regions of the pagein afashion much likethe LFr system described above. This re-ordered sequence of
fragments could be written into the client web browser’s cache with anew fragment table.

The fragment table system adopted into the JP family of formats from the MP4 syntax (which originated in the Apple
QuickTime format) allows the fragment table to reference sequences of bytes in the current file, in external files or within
Internet resources specified via a URL. This alows the client representation of a serve image, however rough, initial,
incomplete, or re-ordered, to be a perfect mirror of the server image, by referencing al missing data with URLSs in the
fragment table. This provides a powerful means of pushing very lightweight thumbnails to a user who then has the ability to
draw the complete file from the servetoany level of detail desired.

3.5 Associating metadata with a specific codestr eam

An important aspect of the JPM file format isthe fact that the powerful metadata architecture of the JP family of file formats
may be applied to each of the codestreams individudly. This alows vendor-specific or industry-standard data to be
associated with sub-regions of the page.

3.6 Profiles

A profiling mechanism is used to identify subsets of the genera architecture for use in specific applications. The profile
suited for web browsing of documents uses JPEG 2000 and JBIG 2 compression. Other profiles exist which provide
compatibility with the 3-layer model found in the MRC and TIFF-FX color fax formats.

4. EXAMPLES

Figure 4 illustrates the use of a JPM filein ascenario that takes advantage of the ability to fragment a JPEG 2000 codestream
and interleave fragments from multiple codestreams. In this particular example, the JPM file containstwo layout objects: one
for the color image and the other for text and clip art. The color image and clip art are both compressed using JPEG 2000 and
theresulting codestream from each is split into two fragments. The text is compressed using a lossless, binary compression
algorithm that produces a single, contiguous codestream. Thesix parts of the figure show the progressive rendering of objects
and fragments within an object, starting with a blank frame (Figure 4a) before any coded data has been received o
decompressed. The coded data in the JPM file isordered so that thetext or Mask (the mask object of the second layout
object) comesfirg, followed by the firgt fragment of the Foreground (the image object of the second layout object), the first
fragment of the Background (the image object of the firgt layout object), the second fragment of the Foreground and finally
the second fragment of the Background. Figures 4b through 4f shows theimage that results after each of these 5 fragmentsis
received, decompressed and rendered.
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successive views as more packets of compressed datain a JPM fileare received.




Figure 5illustrates another example of aJPM file

This case emphasizesthe ability of the format to support high-interactivity progressive imagerendering over the Internet. Th
image at Figure 5(a) representsthe original image. The JPM format alows an extremely small representation of the layout
objects of the page to come ove first, asin Figure 5(b). No actual image datais required for this representation, but it can
carry the full metadata of the server image (if desired) and contains data referencesto dl the remaining data residing on the
server for this JPM image, making it acomplete stand-in representation of the server file, which conceivably could be a
multi-gigabyte losslessfile. The rectangles are each layout objects and can use thefixed color descriptor found inth
description of the foreground image of the layout object; no actual foreground imageisinitialy required.

In Figure5 (c) and (d), progressive refinement of the various images and text pieces occursin an interleaved fashion, owing
to the fragmenting and interleaving of packets from thevarious codestreams. Rectangles are replaced with images as
bandwidth alows. Thispermitsvery quick, interactive browsing of pages, with only therequired datamoved from server to
client. Mation of the user’s mouse could be usedto dynamically guidethe ordering of theseinterleaved fragments, with the
fragment table being fixed-up by the web browser when the user ceasesto browse the page (for example when moving to the
next or previous page). Absent user mouse movements, other refinement strategies could take over to improve the page in a
logical fashion. For example, larger textua elementsor search term hit regions could be thefirst rectanglesreplaced b
JBIG2 text images, on thetheory they are more sgnificant to navigation or determination of relevance. Refinement of
adjacent pages could occur in anticipation of theuser’snext actions. JBIG2 would be the preferred bitonal compression
method in this example. OCR metadata could be sent with the initial small representation, alowing text searchingto be a
component of the user’ s browsing. Text search hits are represented by white rectanglesin Figure 5(d).

10



Library of Congress

INFORMATION
BULLETIN

JAMES H. BILLINGTON

brarian of Congress _

On the Cover: No, this cartoon wasn't drawn in reference to the
challenge of independent candidate Ross Perot, though the sentiment is
still apt. This 1924 drawing by Clifford K. Berryman depicts the Progres-
sive Party goat, who stands in for Robert M. LaFollette, a senator from
Wisconsin who proved to be one of the most popular third-party candi-
dates in U.S. history during the election that saw Republican Calvin
Coolidge defeat LaFollette and Democrat John Davis. From Prints and Pho-
tographs Division

Cover Stories:

O Party On! The Democratic donkey and Republican elephant
‘have survived political wars for more than a century, but these and
several other ‘political animals’ were once part of a menagerie, as
seen in an exhibit of political cartoons from the Library’s extensive

440 collection. 441 |

[ 'Of Thee I Sing’: This play and others from the 1930s satirized
American politics. An LC exhibit highlights Music Division collec-
tions of such works. 447

Library Dedication: Dr. Billington dedicated the new library
at Hood College in Maryland with the keynote address 435

Two-Timer: The second Bobbitt Prize for poetry will be award-
ed later this month. 440

‘Vision of a Collector’: A new volume highlights the Library’s
greatest collection of rare illustrated books, donated by Lessing J.
Rosenwald. 44s

K itzky C issi The itzky founda-
tions have awarded eight commissions for musical compositions. 451

[ e Library of Congress Information Bulletin is issued biweekly except in August (no
issues published) and in December (one issue published) by the Public Affairs Office
of the Library of Congress and distributed free of charge to publicly supported libraries
and research institutions, academic libraries, learned societies and allied organizations

in the United States. |
C i th

y arrang
A4S | the Bullein on an exchange basis by applying in writing to the Library’s Exchange
and Gift Division. All other correspondence should be addressed to the LC Informa-
tion Bulletin, Public Affairs Office, Library of Congress, Washington, DC 20540.
GUY LAMOLINARS, Editor
PRINTED ON 1003 RECYGLED PARER LUCY D. SUDDRETH, Editorial Assistant
by the Library of Congress MALINDA B. NEALE, PEGGY F. PIXLEY, SHERYLE O. SHEARS, Composing
Printing and Processing Section
(a)

(b)

I
INFORMATION INFORMATION i &

BULLETIN BULLETIN -
[ ]

On the Cover: On the Cover:

Cover Stories: Cover Stories:

O Party On! The Democratic donkey and Republican elephant
have survived political wars for more than a century, but these and
several other ‘political animals’ were once part of a menagerie, as
seen in an exhibit of political cartoons from the L } ry’s extensive
collection.

Library Dedicatiol

‘Vision of a Collector’:

(d)

Fi gure 5. Progrve Internet rendering of aJPM file. (a) representstheoriginal, high resolution file before decomposition
into aJPM' file. (b), (c) and (d) show progressive stages of rendering of the layout objects of a JPM file streaming from
server to client. Note how the end-user client’s cursor position in (c) and (d) guides which layout objects get refined next.

11



5. NEXT STEPS
This paper has described the JPM file format, which is at the working draft level in the JPEG 2000 standard currently under
development. Part 1 of the JPEG 2000 standard specifies the minimal JPEG 2000 decoder and the optional JP2 file format.
Part 1 is expected to become an International Standard in March 2001. JPM isin a following part of the standard and is
expected to become an International Standard in July 2001.

A web site dedicated to providing information on the JPM fileformat islocated at http://www.webi maging.org.
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