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Abstract 
Today highly efficient file storage rests on quality controlled 
scanner image data technology. Equivalently necessary and faster 
file transfers depend on greater lossy but higher compression 
technology. A turn around in time is necessitated by reconsidering 
parameters of data storage and transfer regarding both quality 
and quantity of corresponding image data used. This situation is 
actuated by improvised and patented advanced image compression 
algorithms that have potential to regulate commercial market. 
At the same time free and rapid distribution of widely available 
image data on internet made much of operating software reach 
open source platform. In summary, application compression of 
image layers justifies optimization of Djvu formatted document’s 
storage and transfer. 
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I. DjVu

A. History
The Djvu technology was originally developed [1] by Yann LeCun, 
Léon Bottou, Patrick Haffner, and Paul G. Howard at AT&T 
Labs from 1996 to 2001.It reportedly has higher compression 
ratio, smaller file size and hence there is convenience and ease 
in converting large volumes of text into Djvu format.This format 
is an open file format, so some independent technologists (such 
as Brewster Kahle [2]) have historically considered it superior 
to PDF. The DjVu library distributed as part of the open source 
package DjVuLibre has become the reference implementation for 
the DjVu format. DjVuLibre has been maintained and updated by 
the original developers of DjVu since 2002.
The DjVu file format specification has gone through a number 
of revisions:

B. Revision History [3]
Table 1:

DjVu is a modern new computer file format designed primarily 
to store scanned documents, especially those containing a 
combination of text, line drawings, indexed color images, and 
photographs. It uses technologies such as image layer separation 
of text and background/images, progressive loading, arithmetic 

coding, and lossy compression for bitonal (monochrome) images. 
This allows for high-quality, readable images to be stored in a 
minimum of space, so that they can be made available on the web. 
DjVu pages are highly compressed bitmaps (raster images)[20].  
DjVu has been promoted as an alternative to PDF, promising 
smaller files than PDF for most scanned documents. The DjVu 
developers report that color magazine pages compress to 40–70 
kB, black and white technical papers compress to 15–40 kB, and 
ancient manuscripts compress to around 100 kB; a satisfactory 
JPEG image typically requires 500 kB. Like PDF, DjVu can 
contain an OCR text layer, making it easy to perform copy and 
paste and text search operations. DjVu files unlike PDFs have 
a lower resolution. For the most part, this is not a problem for 
proofreading as long as text is legible [22].

III. Compression 
DjVu files are compressed five to 10 times more than JPEG or GIF 
formats (for color documents) and three to eight times more than 
TIFF format (for black-and-white documents). This means that 
DjVu files are much smaller than common image file formats of a 
similar image quality. The principal imaging model used in DjVu 
is the “Mixed Raster Content” (MRC) model [12]. DjVu divides 
a single image into many different images, and then compresses 
them separately. To create a DjVu file, the initial image is first 
separated into three images: a background image, a foreground 
image, and a mask image. The background and foreground images 
are typically lower-resolution color images (e.g., 100dpi); the 
mask image is a high-resolution bilevel image (e.g., 300dpi) and is 
typically where the text is stored. The background and foreground 
images are then compressed using a wavelet-based compression 
algorithm named IW44. An improved model suggested in this 
paper rests on compression of foreground and background images 
separately in case of color images for reasons of efficiency (jb2 
compression) where as in case of large volumes of data pages 
are compressed together (multipage image compression of high 
volume of data). The method of mask image compression is left 
undisturbed with prospect of multiple pages sharing dictionaries 
together. Here a method called JB2 (similar to JBIG2) is used. 
The JB2 encoding method identifies nearly congruent shapes on 
the page, such as multiple occurrences of a particular character 
in a given font, style and size. It compresses the bitmap of each 
unique shape separately, and then encodes the locations where 
each shape appears on the page. Thus, instead of compressing a 
letter “e” in a given font multiple times, it compresses the letter 
“e” once (as a compressed bit image) and then records every place 
on the page it occurs. Optionally, these shapes may be mapped to 
UTF-8 codes (either by hand or potentially by a text recognition 
system), and stored in the DjVu file. If this mapping exists, it 
is possible to select and copy text. Thus considerable gain in 
image compression is reached for large volume of color images 
as foreground and background images are separately compressed. 
Also as gain in jb2 compression (for individual pages) is marginal 
in separate compression of low resolution black and white images 
in large volumes it is neglected in the modified new compression 
model. 
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A. Profile of present document compression 
Table 2:
Name of document(.
docx)

DjVU document 
size

PDF document 
size

DjVu paper latest 39.3kb 74.7kb

IV. Security [4] 
DjVu documents may be encrypted by their creators so that only 
people with a password can view them. These files are called 
secure DjVu files. When it’s attempted to view a secure DjVu file 
user ID and password are prompted by the Password dialog [4]. 
Depending on the access rights that have been assigned by the 
creator of the file, the Save, Save as..., Copy, Export and Print 
options may be disabled. With this, these options will be “grayed 
out” on the toolbar and menus. With number of unanswered 
questions regarding security of djvu, it can be assumed that 
“Secure DjVu” is a now a new, proprietary, non-published flavor 
of DjVu, and that the DjVu Web Browser Plugin is now a viewer 
that supports both published and proprietary forms of DjVu files. 
Secure DjVu (“SDjVu”) is available now. The SDjVuAdmin tool 
converts existing DjVu files to their secure counterparts. The 
current Windows DjVu Browser Plug-in reads both types of files. 
Internally, SDjVu uses 32-bit Blowfish encryption to password-
protect each document and provide role-based and/or time-based 
access. Externally, a Secure DjVu file is as light and nimble as 
a regular DjVu file. Used by companies like Nast Publications, 
BAE Systems, Nikon and most recently the National Archives of 
Singapore, SDjVu is an appealing option for large organizations 
which must make high-value or time-sensitive content very 
accessible. It is a known issue that with exponential growth of 
mobile phones segment djvu files may seen as option of choice 
for documents.”SDjVu” may be named as the open source DjVu 
viewer for the Symbian cellphone OS.

V. Programs That Manipulate DjVu Files [3]
DjVuLibre is an open source library and a collection of 1. 
some standard command line tools (decoders, encoders, and 
utilities). It works on Unix, Mac, Windows.
Djview4 is the current viewer for djvu files (Unix, Mac, 2. 
Windows). Open source under GNU license.
djvusmooth, by Jakub Wilk, is a GUI (graphical user interface) 3. 
that allows one to add hyperlinks within a djvu file, and edit 
table of contents (Unix, Mac, Windows). Open source under 
GNU license.
pdf2djvu, hosted on Google code, is able to convert PDF files 4. 
to djvu, keeping the text layer (Unix, Mac, Windows). Open 
source under GNU license.
SumatraPDF (Windows)5. 
CuneiDjVu[30] is GUI frontend to create an OCR layer in 6. 
DjVu files thus adding text search capability
Document Express Editor[31] scans single/multipage 7. 
documents into djvu, performs OCR to enable text search 
within documents, converts BMP/JPEG/TIFF/PNM/GIF and 
PICT images into DjVu format 
DjVuToy[25]: A handy toolkit to merge, split and analyze 8. 
DjVu files.

VI. Djvu Creators
Djvu solo[5] is a tool without OCR capabilities and is capable 1. 
of encoding images
Djvu small[6] is a package for the batch encoding/decoding 2. 

in/from DjVu (OS Windows)
MiniDjvu plus[7] can encode black-and-white raster images 3. 
to DjVu using a console utility
CuneiDjVu[8] is a graphical frontend to a set of the Windows 4. 
console utilities

VII. Djvu/PDF Converters
Universal document converter[9] is for conversion of 1. 
documents into PDF,JPEG,TIFF or other graphical files
PDF2DJVU GUI[10] is used to convert PDF file into 2. 
corresponding DjVu document
Flip PDF to DjVu[11] converter is a free PDF to DjVu 3. 
converter
Boxoft Free Djvu to Pdf converter[13] is used to convert 4. 
image rich DjVu document to its PDF equivalent
novaPDF[14] is used to convert djvu to PDF documents5. 
ABBYY finereader[15] a powerful OCR encoder to make 6. 
text layer searchable in a formatted document 

VIII. Djvu Viewers/Plugins
Djview [16] is an application for distributing documents and 
images. DjVu can replace PDF, PS, TIFF, JPEG, and GIF for 
distributing scanned documents, digital documents, or high-
resolution pictures
Wi n d j v i e w [ 1 7 ]  d e c o d e s  D j Vu  f i l e s  i n 
a l l  vers ions  of  Windows f rom 98  to  7 . 
DjVuReader[18]is a program to view and read the DjVu file 
format. It requires no installation
STDviewer[19] STDU Viewer is a document viewer for multiple 
file formats 
DjVu Viewer[20] is a small .djvu file reader, to zoom in and zoom 
out enabling export of images to other format image files, such as 
JPEG, PNG, GIF, TIFF and BMP formats. This program supports 
batch conversion.
Evince[21] is a document viewer for multiple document formats 
including support for djvu files.
Celartem[27]
OperatingSystem:Windows,Solaris,MacOSX,MacOS9,Linux 
Browser: Internet Explorer, Netscape Navigator.
DjVuLibre[27]
OperatingSystem:Linux,Unix
Browser: Netscape Navigator, Mozilla, Galeon, Konqueror, 
Opera. 

IX. Format Licensing 
DjVu is an open file format.[3] The file format specification 
is published as well as source code for the reference library. 
The original authors distribute an open source implementation 
named “DjVuLibre” under the GNU General Public License. The 
ownership rights to the commercial development of the encoding 
software have been transferred to different companies over the 
years, including AT&T Corporation, LizardTech, Celartem and 
Caminova.In 2002, the DjVu file format was chosen by the 
Internet Archive as the format in which its Million Book Project 
provides scanned public domain books online (along with TIFF 
and PDF). 

X. Creating OCRed Text Layer in Djvu[23]
When a page image is scanned, it just contains the image of text, 
and does not contain any text content that can be searched or 
copied. The searchable text is generated from an image of a page 
using a technology called Optical Character Recognition (OCR).
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Thus, there are number of products that encode Djvu documents 
encoding images to enable copy/search operations on them. As 
OCR is not a simple operation, and there are relatively few OCR 
software vendors. Often, OCR engines from one company are used 
in products from other companies. Different OCR engines are: 

A. OCR Engines [24]

XI. Re-Encoding Dilemma
Djvu image formatted documents are separately compressed to 
save file storage size/volume. With present technology these may 
follow high image compression algorithms (JB2). Djvu storage 
format documents are scanned image files which are encoded into 
new lossy compression file format. It is a natural consequence 
that multiple scans may not affect clarity of document by not 
incurring further losses to its image format. Yet scanning a scanned 
document will develop loss of image clarity. This may be seen 
as the result of re-encoding an image formatted document. The 
necessity of this operation may be unavoidable due to number 
of reasons within or without document such as physical wear of 
original formatted document, conversion losses of digital media 
etc. To circumvent the trouble of re-encoding documents, part 
of format controlling routines of this scanned image(s) may be 
contained in Djvu application and part in djvu library. Doubtlessly 
this technique works to benefit majority of all users when djvu 
application base and its controlling library base has sole copyrights 
that are not violated across applications. 

XII. Massive Image Compression for Data Distribution 
Image file formats are typically characterized as “lossy” or 
“lossless” [26] depending on whether their output is exactly the 
same as their input. Lossy formats discard some degree of exact 
reproduction in pursuit of more aggressive compression. While 
it would seem that lossy compression would be unacceptable in 
geoscience, it turns out that in many situations focused on visual 
interpretation, some loss is permissible in exchange for better 
storage convenience. However, image data for use in quantitative 
analysis should be preserved in a lossless format to avoid 
contaminating the results of the calculations. Lossy compression 
is done in jpeg, ECW (enhanced compression wavelet) and MG4 
(MrSID generation 4) while png, geotiff are lossless compression 
formats.jp2, MrSID formats are combination of both the above 
two formats using high image compression technology. The 
MrSID® wavelet-based technology offers efficient compression 
without loss of image quality. Color information at 24 bits per 
pixel can be preserved for an average file size of only 6MB in 
MrSID format, whereas the same file would measure 100MB 
uncompressed. Similarly, grayscale images preserved at the full 

8 bits per pixel go from an average of 33MB uncompressed to 
just 2MB as MrSID files.
Geospatial professionals work with massive sets of aerial and 
satellite imagery data. Commercial products in the market enable 
users to compress, manipulate, and distribute high-resolution 
geospatial data such as aerial, satellite imagery and LiDAR data. 
The multi-resolution image data (MrSID) format is now seen as 
an important compressed image format for geospatial applications 
and is supported in virtually all GIS software products. LiDAR 
compressor is a geospacial application to enable users of elevation 
data to turn point clouds, which can be very large, into MrSID 
files that retain 100 percent of the quantized raw data at just 25 
percent of the file size through lossless compression. The product 
achieves reduction of LiDAR file sizes by 90 percent or more 
through lossy compression, in which a higher compression ratio is 
used to reduce point accuracy and reach a desired file size. LiDAR 
files compressed to MrSID can be used as resources from which 
subsequent derivatives can be extracted. Finally, distributing and 
viewing massive, high resolution digital content such as aerial 
photos and satellite imagery can be quickly and easily performed 
with LizardTech’s MrSID image compression technology.

XIII. Conclusion 
Djvu has unique real time decompression technology that allows 
images that normally utilize 25MB of RAM to be decompressed 
to require only 2MB of RAM[28] . Conventional image viewing 
software decompresses images in their entirety before displaying 
them. DjVu, on the other hand, never decompresses the entire 
image, but instead keeps the image in memory in a compact form, 
and decompresses the piece displayed on the screen in real time as 
the user views the image. The DjVu format display is progressive. 
Users get an initial version of the page very quickly, and the 
visual quality of the page progressively improves as more bits 
arrive[29]. Then, after a few more seconds, the final full-quality 
version of the page is completed. Thus, djvu file data storage 
and transfer is implemented with efficiency and flexibility using 
high compression technologies. Unlike Traditional image formats 
Djvu storage format optimization relies on separate compression 
for the text mask layer and image layers. The bulk of storage is 
due to mask layer that uses jb2 compression. The key to the JB2 
compression algorithm is a method for making use of information 
found in previously encountered characters without risking the 
introduction of character substitution errors that is inherent in 
the use of OCR[1]. On the other hand massive data compression 
is best achieved by judicious selection of image compression 
technology (jp2/MG2/MG3/MG4 format) considering parameters 
such as speed of compression, file size limitation, lossy/lossless 
encoding and optimization techniques that are realized in satellite 
imagery data.
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