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é to preserve the readability of the text. Compressed with
JPEG, a color image of a typical magazine page scanned at
Abstract 100dpi (dots per inch) would be around 100 KB to 200 KB,
We present a new image compression technique callednd would be barely readable. The same page at 300dpi
“DjVu” that is specifically geared towards the compressionwould be of acceptable quality, but would occupy around
of scanned documents in color at high revolution. DjVu en-500 KB. Even worse, not only would the decompressed
able any screen connected to the Internet to access and dimage fill up the entire memory of an average PC, but
play images of scanned pages while faithfully reproducingonly a small portion of it would be visible on the screen at
the font, color, drawings, pictures, and paper texture. Withonce. A just-readable black and white page in GIF would
DjVu, a typical magazine page in color at 300dpi can bebe around 50 to 100 KB.
compressed down to between 40 to 60 KB, approximately To make remote access to digital libraries a pleasant
5to 10 times better than JPEG for a similar level of subjec-experience, pages must appear on the screen after only
tive quality. A real-time, memory efficient version of the a few seconds delay. Assuming a 56 kilobits per second
decoder is available as a plug-in for popular web browserstkbps) connection, this means that the most relevant parts
of the document (the text) must be compressed down to
1. Introduction about 20 to 30 KB. With a progressive compression tech-
nique, the text would be transmitted and displayed first.

Until now, most work on documentimage compression has' hen the pictures, drawings, and backgrounds would be
focused on black and white images (CCITT-G4, JBIG1).transmitted and displayed, improving the quality of the im-

with electronic storage, retrieval, and distribution of docu-mission time and storage requirements within reasonable
ments becoming faster and cheaper, itis clear that the confounds.
plete digitization of the world's major library collectionsis ~ Another peculiarity of document images, their large
only a matter of time [1]. Several authors have proposedize, makes current image compression techniques inap-
image-based approaches to digital libraries [2, 3, 4] whiciPropriate. A magazine-size page at 300 dots per inch is
are restricted to black and white images, but it seems para300 pixel high and 2500 pixel wide. Uncompressed, it
doxical that there exist no universal standard for efficienoccupies 25 MB of memory, more than what the average
storage, retrieval, and transmission of high-quality docu>C can handle. A practical documentimage viewer would
ment images in color. need to keep the image in a compressed form in the mem-
Existing documents are usually OCRed or re-typed an@"Y Of the machine, and only decompress on-demand the
converted to HTML or to Adobe’s PDF format, a tedious Pixels that are being displayed on the screen.
and expensive task. Even if pictures and drawings are
scanned and integrated into the web page, much of the vi- 2. The Dj Vu Compron Method
sual aspect of the original document is likely to be lost.
A simple alternative would be to scan the original pageThe DjVu documentimage compression technique[5] is an
and simply compress the image as a JPEG or GIF file. Unanswer to all the above problems. With DjVu, scanned
fortunately, those files tend to be quite large if one wantgpages at 300dpi in full color can be compressed down to 30



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 imagester 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 edgdstween 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[8],
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 backgroundimage can be encoded with a method suit-
able for continuous-tone images. DjVu uses a progressive, ) L
wavelet-based compression algorithm called IW44 for thig\/lgltll-resolutlon wavelet decpmposﬂpn is one of the most
purpose. IW44 is described in the next section. The masﬁﬁ'c'em transforms f(_)r coding color Images [9. 101, and
image can be encoded with a bi-level image Compressiohc‘ the preferr_ed candidate for many ongoing standard_lza—
algorithm. DjVu uses a method called JB2 for this pur_t|ons_ efforts_ m_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 recomE"Sures 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_pression efficiency is achieved using a quantization and

ing process. The following section focuses on W44, theczg'onr? scheme that takes advantage of this peaked distri-

wavelet-based image compression technique used in Dj . i
to code the foreground and background layers. Then the Because of the smoothr_wess assumptlop, Itis qatural
viewer/browser is briefly described. Finally, results of ex- [0 use wavelet-based algorithms for encoding the image

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

nique used. The viewer (decoder) must be able to decode
3. TheDjVu 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 separapuality 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
I mages



fully decoded image. The background image is typically ang, beau!rfuﬂy
100dpi color image containing one to two million pixels.  ready for
It may contain a nearly uniform background color, or it evator, 1hrott|e
y y 9 ack slides into
may contain colorful pictures and illustrations that shouldeamy charg- N
be displayed incrementally while the DjVu data is coming.- airplane is an
DjVu uses a new wavelet compression technigue calle{;:.ubgh?nusfe?; l -~y
IW44. IW44 computes a very fast, five stage lift- mmend: any 4
ing decomposition using Deslauriers-Dubuc interpolatingrop GP08040, HRBSSGC’(? shaft adapte

wavelets with four analyzing moments and four vanishin LJE308 or EU prop  backaflert:

moments [11]. The encoding process sorts the significa cad Batta" Spee«
bits of the non-zero wavelet coefficients and codes thei
values, together with their locations by decreasing orde g
of importance. The entropy coding of those values is per -
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the screen can be generated on-the-fly from this sparse ack slides into
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5. The DjVu Browser

The digital library user experience depends critically on
the performance of the browsing tools. Much more tim
is spent viewing documents than formulating queries. As . HLJE30B J
a consequence, browsers must provide very fast responsg"@:.:‘:.“.f#]mcfda'4 Nikt, T480 Ccmtmllan4 8sec/35K:
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ing such images before displaying them would exceede thackslnde.-:.uwt':]tg
memory limits of average desktop computers. eatedly, charg-
We developed a plug-in for Netscape Navigator and In-airplane is an
ternet Explorer. It relies on an intermediate representatloF1a because of
of the page image and requires less than 2 MB of malfmmend anylx
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Java. This provides more flexibility than other documen
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Figure 1: Downloading through a 56K modem
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Figure2: Comparison of JPEG at 100dpi (left) with quality factor
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