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Research on High-quality and High-speed Digital Image Processing for Document
Image Processing Apparatus

Toshiaki Nakamura

Currently some kinds of document image processing apparatus such as image scanner,
facsimile, printer, copier and multifunction printer which integrates with them are in
widespread use in the world. Due to the promotion of digitization of existing documents
for information sharing and popularization of desktop publishing, the demand for the
document image processing apparatus consistently increases and forms a worldwide
big market. Since the document image processing apparatus is mostly used for a
business purpose, it is strongly expected to provide further processing capacity and
transaction speed. Therefore the image processing carried out in the document image

processing apparatus should be implemented in onboard hardware.

The purpose of this study is to address the problem about the image processing in the
reading system of the facsimile and the record system of the color laser printer and to
develop high-speed image processing methods suitable for hardware implementation.
The final goal of this study is to offer document image processing apparatus equipped
with the research deliverables widely to society. To this end, the author developed
image processing algorithms suitable for implementation in digital circuits and

incorporated them into image processing LSIs designed for products on the market.
This thesis consists of eight chapters. The following is the summary of each chapter.

In Chapter 1, the background and the purpose of the study are described. The
worldwide market of the document image processing apparatus, specially of
multi-function printer, continues growing up with the trend of electronic
computerization of the documents. Thus the needs for the research in this field is
consistently high. This thesis deals with the problems around the image processing in
facsimile and color laser printer. The aim of the research is to develop high-speed image
processing methods which can be easily realized by digital circuit and implemented as
LSI for a product.

In Chapter 2, the outline of the image processing functions which constitute a
document image processing apparatus and related problems are explained. First, the
inner process of image scanner, facsimile, color laser printer, multi-function printer are
described. Then, the problems about moire and notch arising from binarization, color
gap appeared on printed result, the processing time of the color correction and

indistinct edge image are described. In addition, the problems to be addressed for



practical application of the study results to document image processing apparatus are
also described.

In Chapter 3, using moire-suppression edge-enhancement filter is proposed. This filter
suppresses moire appeared on binarized dot image while it enhances edge of letter
image. First, the cause of the moire yielded by the conventional edge enhancement
filter is clarified. Next, design of the filter which indicates high amplitude gain along
with the horizontal and vertical axes in the spatial frequency domain while low
amplitude gain along with the slant direction will be shown. This filter effectively
suppress the moire of dot image and enhances the clearness of the letter binarized by

an error diffusion method.

In Chapter 4, a simple binarization method called edge-detection notches-removal
binarization is proposed. This method reduces the notches arising from the horizontal
and vertical edges of letters or thin lines in a binarized document image. In this method,
horizontal and vertical edges of document image are detected at first. Then, the binary
output of each pixel in the detected edge part is decided by using the binarization
threshold controlled so that the same binary output are easy to continue. It is shown
that the notches at the horizontal and vertical edge in the output image of this method
are remarkably reduced.

In Chapter 5, a method of color correction with color information discrimination is
proposed. This method aims to speed up color correction, which corrects input image
data (RGB level) and improves color reproducibility of the printer. In this method,
interpolation arithmetic circuit is combined with look-up table and the color correction
hardware for color data after the image compression is developed. It is shown that this
method can reduce the color correction time furthermore by adding a function to bypass

the interpolation operation depending on the original color information.

In Chapter 6, a method of UCR with image area separation is proposed. This method
aims to reduce a color skid of the color laser beam printer. First, It is decided whether
the target pixel is a black edge or not. When the pixel is on the black edge, UCR from
the color information of target pixel is carried out and then the process proceeds to the
next pixel. When the pixel is not on the black edge, conventional UCR from the color
information of the single pixel is carried out. It is shown that this method can largely

reduce the color skid which is outstanding conspicuously in a black edge part.

In Chapter 7, a method of multiple-valued dithering according to the image area is
developed. This method aims to balance high definition with high gradation
reproduction in an output image of color laser beam printer. In this method, each pixel
in the input image is discriminated in an edge part, a next edge part and the image



part except them. Then, one of the three types of dithering method, density pattern, dot
dispersion and dot concentration, is applied according to the result of discrimination. It
1s shown by some printing outputs that the method able to cope with the high definition

in letter area and the high gradation reproduction in natural image area.

In Chapter 8, Summary of this thesis is described and forthcoming challenges in this

study and further development are discussed.



