- CHAPTER I
THEORETICAL AND LITERATURE REVIEW

Printing Industry today classifies image data as continuous tone image and
bi-level image. Usually, continuous tone image is found on digital process by
computer while bi-level image is found on conventional printing. The continuous tone

image, which an element of the image i e to generate the richness of color or

shade, supports photograph. In contrastDiflevel image, which an element can

Aine AT and pair-text

‘-Hc from bi-level tone image
‘Q\

though halftone proe€ss. Haltiont is a pro *ax slates images from continuous

generate only two tong leve

However,

tone to  bi-level to though output devices. The principle

of halftone is that ea thered for demonstrating various

tone levels observed an eyes. As the human visual system has low-pass filter
characteristics, the gyes thus. 104 e tone a region, which depicts various
tone level.!"?
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Figure 2-1Eyes MTF of human characteristic as low-pass filter



Human eyes will be characterized as a low pass filter, which is limited in the
high frequency perception. This makes human eyes cannot separate the resolution

over 8-10 cycle/degree, as shown in the Figure 2-1. The observers will see the small

disperse black dots as the gray. As result, halftone image will adjust the limitation by
G4

creating the variety tone reproduction from bi-level processing (see Figure 2-2).

The two plates wr:q- _te bond > that th- rooves of one plate were
situated at right anglea; g those of the other, forming a crosshatched screen. The grids
form tra i i i s of lines per inch
(pi). m@lﬂmmﬁ Hﬁﬂ:ﬂﬁm ﬁ;‘in of the classical
halftoning that provided sharp-edged dots. % 2 /s
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§  2.1.3 Digital Halftone

Digital halftone started around the 1920s and was used to display images on
digital bi-level devices and to reduce the transmitting bandwidth. The printing
industry adopted digital halftone much later, gaining momentum after the introduction

of the electronic proofing and desktop publication. e



Tones gradation generated from digital halftone processing is resulted by the
arrangement of halftone dot, which is separated in 2 types, cluster dot and disperse
dot. ®

2.1.3.1 Cluster dot or AM screen generates screen dots on the grid line

by linking each element, or pixel, to vary dot size. Highlight would be represented by

f/e replaced by larger dots.

of each pixel on .gmi _ f rent. arrangement. Highlight has a sparse

the tiny dot; while midtone a
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dispersion, while
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2.1.5 AM Screen
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screen t; iff eprod can be enlarged their

size by plotting the image elemeiit together. In addition, the screep dot will be set on
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The terminology involving halftone method has their relation as shown in
Figure 2-3. One of the vital parameters is the size of cell, which is related to dpi value
of input image and Ipi value of output image. The cell size is related to the numerical
tone reproduction, which is created by halftone algorithm shown in Equation 2-2. If

the tone reproduction of screen is inadequate in creating output image, the result is



called Posterize, which is the major cause of discontinuous tone reproduction
perceived by human eyes. Normally, the visibility of human eyes cannot distinguish

the tone reproduction more than 100 shade.
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The lpi 1§ 1ty = the limitation of screen
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can support the fre - e high frequency input
image is processed.by the low Ipi, the quality of image-is dropped. Usually the lpi
parameter is set to thé maximum as it possible. However, the means to changing lpi
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parameter &flinput image. Due to gus lxmltatlon, the recommended dp1/1p1 values can
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Number of shades = - + 1 (2-3)
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The arrangement of the dots creates image pattern, when 4-colors printing is
employed. However it should be note that the pattern may brings to occur moiré, To
reduce this effect, it can be done by rotation, each color plane as different angle. L
2.1.6 FM Screen
FM screen is the technique of processing halftone image through the

arrangement of dispersed pixe!&_ small dots. The dense dots populations

represent shadow reprod ts population represent highlight.

Tone reproduction, thu M’im QP distribution technique and dot size as shown

inFigure 2-4 =y ——
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reproductlon becomes more serious compared with that of AM scregns Accordmgly, it
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inkjet which have high performance with uniformity of dot size.

creeEiin highlight area disappears

Through using the dot dispersing of FM screen representing color
reproduction, the dot randomness is effective because the screen don’t have moiré

when composition color component. Wy



2.1.7 Halftone Processing

2.1.7.1 Basic Algorithm
Sub-Image processing is a technique, which processes an image divided into
sections, and processes each section as non-overlapping. The essential parameter used

in sub-image processing is the size of sub-image of which the unit is pixel. The

dimension of sub-image is square
Line-scan is the p '-__..."‘::
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Figure 2-5Threshold‘ctﬂparison with Al\a}lgorithm
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is a %&: for storing the code \lglue, which resglts in tone reproduétion. Since, the
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valtie from the center extending to the edge of the matrix decline, the possibility of

cluster dot is high, the shape and size of comparative result are also characterized by

threshold matrix. '?



Based on sub-image processing, AM screen processes each part in the cell
which has the same size. The sub-image will be compared with threshold matrix one

by one as shown in Figure 2-5.

2.1.7.3 FM Algorithm

The code value of each pixel is converted to binary by comparing with

50 % threshold, usually setting at 1 8 ixel has the value less than the threshold
value, the data would be cle ar to be 0. ﬁ hand, if the pixel has value more
than 128, the data would be'set to be i w from binary coding would be
computed, and dispeis Adja . 3 swisiFigure 2-6. Sisan
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2.2 Literature Rel'i

Fﬂdwgem&m\djlmf]:ﬂ @atlve feedback of an

error, Whl& received from the &epresentatlon of continuous tone data by bi-level
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image composed of many isolated dots. The result shows that the screen responds to
fine detail ('"'¥
Masaki and Hiroaki modified error diffusion method, regarding the weight

of ED filter, like Floyd and Steinberg’s algorithm. The periodic noise then is applied



10

to get uniformly dispersed dots at highlight and shadow. The result shows that wormy
pattern disappears in highlight and shadow area.'”

Hoshino and Yanaka created algorithm that reproduces continuous tone
image on bi-level output device by using the optimum screen pattern. Based on sub-
image processing, the optimum binary pattern which gives the reproduced image most

similar to original image is selecte low pass filter, simulating human visual

system, is a criterion for choosi attern. The result shows that the

appearance of artifact efféets ed However, it is found that such
possibly algorithm ,@a ullar texture pattern especially
in flat area.®”

Zhigang Stemberg s technique over

the group of dots I et from the representation
of dot group will bé di : vixel, that reason, the screen can
generate more shadesgthan onig hal AM orithr | n the other hand, a dot in Floyd

and Steinberg’s tec t. Furthermore, abundant of

shade can be created ift limited resoluti an out put device. *"
Kitakubo et al rg»‘@ m ,, prove the image quality from a

device with a relative low
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halftone cell ttﬁ were driven in blﬂﬁi’y ' ; ithm uses error diffusion

method, based ofi-cluster-dots;-wiis Ch consist OF 1,4, and 25 pixels respectively.

cvel by using look up table
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The original imag

|
method. Then, otal sum of an error in one group ©

pixel was distributed to the
neighboring group. PhéFesult shows that false contours are diminished.*?
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convennoﬂll printing. Smoothly °shade reproductlon can be created usmg FM screen
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naked eyes. el
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