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Abstract

This paper describes an efficient algorithm for inverse halftoning of scanned document images to resolve problems with
interference patterns such as moiré and graininess when the images are displayed or printed out. The algorithm is suitable
for software implementation and useful for high quality printing or display of scanned document images delivered via
networks from unknown scanners. A multi-resolution approach is used to achieve practical processing speed under software
implementation. Through data-driven, adaptive, multi-scale processing, the algorithm can cope with a variety of input devices
and requires no information on the halftoning method or properties (such as coefficients in dither matrices, filter coefficients
of error diffusion kernels, screen angles, or dot frequencies). Effectiveness of the new algorithm is demonstrated through real
examples of scanned document images, as well as quantitative evaluations with synthetic data.
© 2004 Pattern Recognition Society. Published by Elsevier Ltd. All rights reserved.
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1. Introduction patterns is usually referred to as/erse halftoningIn de-
signing inverse halftoning algorithms for scanned document
When we display or print out scanned document images images, we require that characters, graphics such as line
(obtained through image input devices) without applying drawings, and significant edges be preserved without being
any image processing operations to them or after scaling blurred.
or rotating them, we often observe image distortions or ~ Such processing for improving image quality has been
degradations such as moiré phenomena and graininess.embedded into imaging devices such as copiers. In par-
Halftone areas on printed document images consist of dot ticular, there have been a number of methods for inverse
patterns generated by screening methods or error-diffusion halftoning. Methods applicable to halftone patterns gener-
algorithms. Such dot patterns often interact with image pro- ated by screening methods and error-diffusion algorithms
cessing operations (halftoning, scaling, etc.) performed by are nonlinear permutation filterfl], a combination of
output devices such as printers or displays. This problem of Gaussian filters, median filters, and edge enhancef@gnt
image degradation can be resolved if halftone areas com- and a wavelet-based methdd]. Statistical approaches
posed of dot patterns are transformed to ideal continuous- include a convex-projection method using knowledge on
tone representations. Such an operation of restoring error-diffusion kernels and nonlinear optimizatidd],
ideal continuous-tone representations from halftone dot MAP projection and estimation of error-diffusion kernels
using a modified LMS method5], Bayesian estimation
*Tel.: +813 6801 1450; fax: +81 36801 1493. with nonlinear optimizatiorj6], and MAP projection using
E-mail addresshn@src.ricoh.co.jigH. Nishida). wavelet[7]. However, they require expensive computation

0031-3203/$30.0® 2004 Pattern Recognition Society. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.patcog.2004.08.003


http://www.elsevier.com/locate/patcog
mailto:hn@src.ricoh.co.jp

252 H. Nishida / Pattern Recognition 38 (2005) 251—-260

because iterative computations are involved. Kite ef&}]. ficients of error diffusion kernels, screen angles, and dot
Roetling[9,10], Miceli and Parkefl1], and Chen and Hang  frequencies). However, our targets are scanned images of
[12] employ space-variant linear filters along with multi-  books, magazines, journals, and newspapers that have been
scale gradient information. A hybrid LMS-MMSE method printed through unknown printing processes. Furthermore,
[13] and an LUT-based methdd4] are computationally characteristics of halftone dot patterns cannot be extracted
inexpensive. when the input device has a poor response to high frequen-
In network and Internet environments, digital image data cies or the image resolution is inadequate. Therefore, blind
acquired with any input device can be transmitted to remote methods are required without depending on the type or prop-
sites over networks, and the recipient can display or print erties of halftoning processes.
out the image data delivered via networks from unknown In this paper, we describe an efficient algorithm for in-
input devices. Under these conditions, image data must be verse halftoning of scanned document images to resolve
processed with software on individual PCs so that images problems of interference patterns such as moiré and grain-
can be printed or displayed in adequate quality without an- iness when the images are displayed or printed out. The
noying distortions or degradations. Now, new technical re- algorithm is suitable for software implementation and use-
quirements have emerged as follows: ful for high quality printing or display of scanned docu-
ment images delivered via networks from unknown scan-
(1) Practical processing speed must be achieved under soft-ners. A multi-resolution approach is used to achieve practical
ware implementation. processing speed under software implementation. Through
data-driven, adaptive, multi-scale processing, the algorithm
Under network environments, image data delivered via can cope with a variety of input devices and requires no
network from remotely located input devices are often pro- information on the halftoning method or properties (such
cessed on individual PCs for improving image quality when as coefficients in dither matrices, filter coefficients of error
the data are displayed or printed out. Practical process- diffusion kernels, screen angles, or dot frequencies). Effec-
ing speed must be achieved under software implementa- tiveness of the new algorithm is demonstrated through real
tion on PCs. If space-variant linear filters or wavelet-based examples of scanned document images, as well as quantita-
inverse halftoning algorithms are implemented with soft- tive evaluations with synthetic data.
ware, computation time is not acceptable when they are  This paper is organized as follows: An overview of the
applied to scanned color document images of A4 or letter proposed algorithm is given in Section 2. The details of the
size. algorithm are presented in Section 3. Examples and experi-
mental results are shown in Section 4. Section 5 is the con-
(2) Image processing systems and algorithms must easily clusion.
adapt to a variety of input devices.

In image processing systems embedded into stand-alone2. Outline
imaging devices where input and output media are inte-
grated into single devices, algorithms and parameters are We outline the approach to resolving the three problems
designed so that they fit the color characteristics, resolution, mentioned in Section 1. The overall architecture is shown in
and frequency characteristics (MTF) of particular devices. Fig. 1 A multi-resolution approach is used to achieve prac-
However, image-processing systems optimal for a particular tical processing speed under software implementation. In
imaging device are not necessarily effective for other de- each resolution, through data-driven, adaptive, multi-scale
vices with different characteristics. Under network environ- processing, the algorithm can cope with a variety of in-
ments, there are large variations in characteristics of imag- put devices and requires no information on the halftoning
ing devices, and the characteristics are even unknown whenmethod or properties.
image data are transmitted from a remote site. Therefore,
image-processing systems and algorithms must easily adapt2.1. Multi-resolution analysis
to a variety of input devices. For instance, satisfactory image
quality should be achieved for image data obtained through  According to the mixed raster content (MRC) imaging
an unknown scanner just by setting a few, simple parame- model, a document image is composed of the following two
ters. components:

(3) Information on the halftoning methods or properties is e Foreground: texts, graphics (line drawings, in particular),
not required. and significant edges
e Background: other areas (continuous tone areas).
Specific methods for inverse halftoning can be employed
if information is available on the halftoning method or prop- There are few significant edges in the background, which
erties (such as coefficients in dither matrices, filter coef- can be compressed to low resolution such as 100 dpi with-
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