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Abstract

We presemha new image compressin technique called
“Dj Vu” tha isspecificaly geare towards the compression
of scannd documergin color at highrevolution. DjVu en-
able ary screa connectdto the Interne to acces and dis-
play images of scannd pages while faithfully reproducing
the font, color, drawings pictures and pape texture. With
DjVu, a typicd magazie page in color at 300dp can be
compressedown to betwea 40 to 60 KB, approximately
5to 10times bette than JPES for asimilar level of subjec-
tive quality. A real-time memoy efficient versia of the
decodeisavailable as aplug-in for popula web browsers.

1. Introduction

Until now, mog work on documemimagecompressiohas
focuse on bladk and white images (CCITT-G4, JBIG1).
Littl e attentian has bean given to color documenimages
with mixtures of text, drawings and pictures However,
with electronc storageretrieval, and distribution of docu-
mensbecomiry faste and cheape itisclea tha thecom-
plete digitization of theworld’smajar library collectiorsis
only a matte of time [1]. Severd authos have proposed
image-basé approachsto digital libraries[2, 3, 4] which
arerestrictal to bladk and whiteimageshbut it seens para-
doxicd tha there exist no universa standad for efficient
storage retrieval, and transmissia of high-qualiyy docu-
mert imagesin color.

Existing documergare usually OCReal or re-typal and
converted to HTML or to Adobes PDF format, atedious
ard expensgve task Even if pictures and drawings are
scannd and integrated into the web page mucdh of the vi-
sud aspetof the origind documenislikely to belost.

A simple alternatve would beto scan the origind page
ard simply comprestheimage asa JPES or GIFfile. Un-
fortunatey, those files terd to be quite large if one wants
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to presere the readabiliy of the text. Compresse with
JPEG acolor image of atypicd magaziepage scannd at
100dp (dotsper inch) would bearourd 100 KB to 200K B,
and would be barey readable The sane page at 300dpi
would be of acceptalt# quality, but would occugy around
500 KB. Even worse nat only would the decompressed
image fill up the entir memoy of an average PC, but
only asmal portion of it would be visible on the screa at
once A just-readald bladk and white page in GIF would
be arourd 50 to 100 KB.

To make remot acces to digital libraries a pleasant
experience pages mug appea on the screa after only
a few second delay. Assumirg a 56 kilobits per second
(kbpg connectionthis mears tha the mog relevart parts
of the documen (the text) mug be compresseé down to
abou 20 to 30 KB. With a progresire compressin tech-
nique the text would be transmittel and displayel first.
Then the pictures drawings and background would be
transmittel and displayedimproving the quality of theim-
acge as more bits arrive. The overal size of the file should
be on the orde of 50 to 100 KB to ke the overal trans-
missian time and storag requiremerd within reasonable
bounds.

Anothe peculiariy of documen images ther large
size makes currert image compressia techniqus inap-
propriate A magazine-sie page at 300 dots per inch is
3300 pixel high and 2500 pixel wide. Uncompressedt
occupies 25 MB of memoy, more than what the average
PC can handle A practicd documehimage viewer would
neel to keg theimagein acompresseform in the mem-
ory of the machine and only decompreson-demad the
pixelstha are beirg displayel on the screen.

2. The DjVu Compressian Method

TheDjVudocumehimage compressintechniquep] isan
answe to all the abowe problems With DjVu, scanned
pagesat 300dp infull color can be compressedownto 30
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to 60 KB files from 25 MB originals with excellent quality. the two dominant colors within each block. Then, a re-
Black and white pages typically occupy 10 to 30 KB oncelaxation algorithm ensures that neighboring blocks assign
compressed. This puts the size of high-quality scannedimilar colors to the foreground and the background. Af-
pages in the same order of magnitude as an average HTMier this phase, each pixel is assigned to the foreground if
page (44 KB according to the latest statistics). DjVu pagests color is closer to the foreground cluster prototype than
are displayed within the browser window through a plug-to the background cluster prototype. A subsequent phase
in. The DjVu plug-in allows easy panning and zooming cleans up and filters foreground components using a vari-
of very large images. This is made possible by an on-theety of criteria.
fly decompression method which allows images thatwould  DjVu achieves high compression ratios by using new
normally require 25 MB of RAM once decompressed to compression algorithms for the mask layer (JB2) as well
require only 2 MB of RAM. as for the background and foreground layers (IW44). The
The basic idea behind DjVu is to separate the text fromIB2 bilevel encoding method eliminates much of the re-
the backgrounds and pictures and to use different techdundancy in the text image by identifying quasi identical
nigues to compress each of those components. Traditionahapes on the page, such as multiple occurrences of a char-
methods are either designed to compress natural imagegter in a particular font. JB2 first codes the bitmap of
with few edges (JPEG), or to compress black and whiteeach unique shape by taking advantage of the redundancy
documentimages almost entirely composed of sharp edgdmtween similar shapes. It then codes the locations at
(CCITT G3, G4, and JBIG-1). The DjVu technique im- which each shape appears on the page. The IW44 wavelet
proves on both, and combines the best of both approachesompressor is progressive and has the considerable advan-
A foreground/background separation algorithm generatetage of being decompressable in real time. In addition,
and encodes separately three images from which the orige new masking technique based on multiscale successive
inal image can be reconstructed: the background imagerojections[7] is used to avoid spending bits to code areas
the foreground image and the mask image. The first twaf the background that are covered by foreground charac-
are low-resolution color images (generally 100dpi), andters or drawings. Both JB2 and IW44 rely on a new type
the latter is a high-resolution bi-level image (300dpi). A of adaptive binary arithmetic coder called the ZP-coder[§],
pixel in the decoded image is constructed as follows: ifthat squeezes out any remaining redundancy within a few
the corresponding pixel in the mask image is 0, the outpercent of the Shannon limit. The ZP-coder is adaptive,
put pixel takes the value of the corresponding pixel in theand faster than other approximate binary arithmetic coders.
appropriately upsampled background image. If the mask
pixel is 1, the pixel color is chosen as the color of the con-
nected component (or taken from the foreground image).
The background image can be encoded with a method suit-
able for continuous-tone images. DjVu uses a progressive, ) o
wavelet-based compression algorithm called IW44 for thigulti-resolution wavelet decomposition is one of the most
purpose. IW44 is described in the next section. The masgicient transforms for coding color images [9, 10], and
image can be encoded with a bi-level image compressiofy € Preferred candidate for many ongoing standardiza-
algorithm. DjVu uses a method called JB2 for this pur-10ns efforts in color and gray-scale image compression.
pose. This method is a variation of AT&T’s proposal to The image is first represented as a linear combination of

the new JBIG2 fax standard. The foreground/backgroundPCally supported wavelets. The image’s local smoothness

representation was proposed in the ITU MRC/T.44 recom€NSUres that the distribution of the wavelet coefficients is

mendation (Mixed Raster Content[6]). sparse and sharply concentrated around zero. High com-

The next section briefly describes the DjVu encod-pres.Sion efficiency is achieved using a qgantization '."‘”0.'
ing process. The following section focuses on IW44, thecodlng scheme that takes advantage of this peaked distri-

wavelet-based image compression technique used in DjVBUt'On'

to code the foreground and background layers. Then the Because of the smoothness assumption, it is natural
viewer/browser is briefly described. Finally, results of ex-1© Use wavelet-based algorithms for encoding the image

perimental comparisons are provided in Section 6. bgckgrounds. The digital library ap.plications for which
DjVu is designed puts extreme requirements on the tech-

nique used. The viewer (decoder) must be able to decode
3. The DjVu Encoder and display a page in at most 2 seconds to decode a page on
a low-end PC. It needs to be progressive so that the image
The main ideas behind the foreground/background separajuality improves as more bits arrive. It needs to do real-
tion algorithm are the following. The image is partitioned time decompression from a compact data structure so as
into square blocks of pixels. A clustering algorithm finds not to exceed the RAM capacity of an average PC with the

4. Wavelet Compression of Background
Images
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fully decodé image The backgroundimageistypically a
100dp color image containirg one to two million pixels.
It may contah a neary uniform backgrouu color, or it
may contan colorful pictures and illustrations that should
bedisplayel incrementaly while the DjVu datis coming.

DjVu usesanew wavelet compressintechnique called
IW44. W44 computes a very fast five stag lift-
ing decompositia using Deslauriers-Dhuc interpolating
waveles with four analyzirg momensg and four vanishing
momens [11]. The encodirg proces sort the significant
bits of the non-zep wavele codficients and codes their
values togethe with their locatiors by decreasig order
of importance The entrqpy coding of thos valuesis per-
formed using the ZP-code, a new binary adapitve arith-
metic code.

During decompressiqrthe wavele codficients are de-
codal into a compat spare array tha uses almog no
memoy for zem codficients Using this technique the
complet backgroun image can be representd in mem-
ory using only one quarte of the memoy required by the
image pixels The piece of the image that is displayal on
the scre@ can be generatd on-the-fly from this sparg ar-
ray at the requirad zoam facta. This greaty reduce the
memoy requiremerg of the viewer.

Theforegrourdlayer istypically codel at onetwelveth
the origind resolution (25dp for a 300dp original) using
W44,

5. The DjVu Browser

The digital library use experiene depend critically on
the performane of the browsing tools Much more time
is sper viewing documens than formulating queries As
aconsequencgédrowsers mug provide very fag response,
smooh zoomirg and scrolling abilities goad color repro-
duction and shap pictures.

Thes requiremerd put stringer constraing on the
browsing software The full resolutian color image of a
pace requires abou 25 MBytes of memoy. Decompress-
ing sudhimagesbeforedisplayirg them would exceecatthe
memoy limits of averag desktg computers.

We developed aplug-infor Netscap Navigatar and In-

ternd Explore. It relies on an intermediag representation

of the page image and requires less than 2 MB of main
memoy per page Unlike with mary documenbrowsers,
ead page of a DjVu documehn is associaté with a sin-
gle URL. Behind the scenesthe plug-inimplemensinfor-
mation cachirg and sharing This desig allows the dig-
ital library designe to se up a navigation interfae using
well-known Web technologis like HTML, JavaScript or
Java. This provides more flexibility than othe document
browsing systens where multipage documers are treated
as a single entity, ard the viewer handle the navigation
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betwea the pages Figure 1 shows the progressie dis-
playing of a documemnwhile it is downloadel throuch a
56K modem First comes the text, then the background,
with increasig quality as more bits arrive.

6. Experimental Results

Typicd magazime or catalqg pagesin color at 300dp com-
pressd with DjVu occupy 40 to 70 KB. Black and white
pages sud as technicé papersare betwea to 15 and 40
KB. Anciert books wher mog of the color is on the
backgroundoccupy 30 to 60 KB. Anciert manuscriptare
arourd 100KB. Thisis 5 to 10 times bette than the 500
KB tha would typically be required to achieve a satisfac-
tory level of readabiliy using JPEG compression.

Figure 2 shows a comparisa betwe@ DjVu and
“JPEG 100dpf on a larger segmen of an image It is
interestimgy to note that the renderimg of the photographis
alo better with DjVu that with JPEG even thoudh DjVu
uses the sane 100dp for the backgroudimage.

7. Conclusion

DjVu, a new compressin technique for color document
images is described It fill s the ggp betweea the world of
pape ard the world of bits by allowing scannd document
to be easil publishel on the Internet.

The DjVu software is available free for re-
search, evaluation and non-commercial use at
http://djvu.research.att.com The DjVu
plug-in is available for Linux, and othe unix platforms,
Windows 95, NT, and Mac. The compresspis available
on various Unix platforms. The abowe web site also
contairs a digital library with over 800 pages of scanned
documerdg from variows origins.
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Figure2. Compariso of JPES at 100dp (top) with quality factor
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