
WO 2008/032877 PCT/JP2007/068484  -1 DESCRIPTION
IMAGE PROCESSING APPARATUS, PROGRAM, IMAGE FORMING
APPARATUS, IMAGE FORMING METHOD, AND DITHER MATRIX  5
TECHNICAL FIELD The present invention relates to an
image  processing apparatus, a program, an image
forming apparatus,  an image forming method, and a
dither matrix. 10 BACKGROUND ART Known image forming
apparatuses such as printers,  facsimile machines,
copiers, and multi-function peripherals  thereof
convey a medium (hereinafter referred to as a
"sheet," but it is not limited in material and used 15
synonymously with a "medium to be recorded," a
"recording  medium," a "transfer material," a
"recording paper," or the  like) and have a recording
liquid (hereinafter referred  also to as "ink") as a
liquid adhere to the sheet so as to  perform an image
forming operation ("recording," 20 "printing," and
"photographic printing" are also  synonymously used),
for example, using a liquid ejection  apparatus
including a recording head composed of liquid
ejection heads that eject liquid droplets of the
recording  liquid (liquid). WO 2008/032377
PCT/JP2007/068484  -2 



Note that the image forming apparatuses refer to  an
apparatus that ejects a liquid onto a medium such as a
paper, a thread, a fiber, a cloth, leather, metal,
plastic,  glass, a ceramic so as to perform an image
forming 5 operation. Furthermore, the "image forming"
refers not  only to an operation in which meaningful
images such as  characters and graphics are applied to
a medium, but also  to that in which meaningless
images such as patterns are  applied thereto.
Furthermore, the liquid is not limited to 10 a
recording liquid or ink and not especially limited so
long as it is available to perform an image forming
operation. Furthermore, the liquid ejection apparatus
refers to an apparatus that ejects a liquid from the
liquid  ejection head, and so it is not limited to an
apparatus 15 that form images. Since such image
forming apparatuses separately  print only four types
(four tones) of dots, for example,  "no dots," "small
dots, "medium dots," and "large dots" as the sizes of
recording liquid droplets, they cannot express  20
multiple tones with the dot sizes of recording liquid
droplets. Accordingly, a dither method has been
generally  used as a method for reproducing halftones
by combining an  area density tone (intensity
modulation) of a level lower  than that of an original
image and an area tone (area 25 modulation). WO
2008/032877 PCTIJP2 0 0 710 6 84 84  



_3_ The dither method (binary dither method) uses the
value of each matrix in a dither matrix as a
threshold,  compares it with the density of a pixel of
corresponding  coordinates, determines whether to
output "1" (printing or 5 illumination) or "0" (no
printing or no illumination) to  thereby obtain a
binarized image. With this method, only  the
comparison and calculation of the original image and
the threshold makes it possible to obtain binarized
data  for an area tone and perform calculations at
high speed. 10 Furthermore, the dither method uses not
only a  binary system but also a ternary or more
(multi-valued)  system. For example, when images are
output by an ink jet  recording apparatus that can
control the sizes of ink  droplets at three levels of
"small," "medium," or "large," 15 three types of
dither matrices are prepared to determine  whether to
output "0" (no printing), "1" (printing with  small
droplets), "2" (printing with medium droplets), or
"3" (printing with large droplets) for each processing
pixel. 20 Furthermore, although various methods for
determining the threshold of a dither matrix have been
proposed, Bayer dither, random dither, blue noise
dither,  or the like are widely known. The
characteristic of these  methods is that dots are not
concentrated on a specific 25 area in an area
modulation and are arranged so as to be 



WO 20081032877 PCT/JP2007/068484  -4 uniformly
distributed, and they are classified into a  dispersed
type method. On the other hand, there is also a
concentrated type method in which dots are arranged so
as  to be aggregated in a certain unit. As an example
of the 5 concentrated type method, there has been
known one in which  a dither matrix includes a
sub-matrix so as to possess a  screen angle. As
halftone processing with the dither method,  Patent
Document 1 describes a method in which plural 10
threshold matrices (dither matrices) are prepared and
one  of the threshold matrices is randomly selected
for every  plural halftone image or for every random
time interval so  as to prevent the occurrence of
moire (stripe pattern) in  output images when dot
images and dithered images are 15 processed. Patent
Document 1: JP-A-57-119564 Patent Document 2 also
describes an apparatus  that includes a dither pattern
generator for generating  plural dither patterns and a
random number generator for 20 generating random
numbers and selects a dither pattern  depending on a
random number. Patent Document 2: JP-A-04-250769
Furthermore, an error diffusion method may also  be
used for. pseudo-tone expression, but it is extremely 



25 complicated in processing compared with the dither
method. WO 2008/032877 PC /JP2007/068484  -5_
According to this method, for example, threshold
processing  is performed for every pixel, and the
error caused by the  processing is maintained and
reflected on the subsequent  calculation at a
predetermined ratio, thereby making it 5 possible to
feed back even information that would forcibly  be
discarded in dither processing to an output image and
obtain an image of higher quality than a dithered
image in  terms of resolution or the like. 10
DISCLOSURE OF THE INVENTION Meanwhile, in a
multi-function peripheral  including, for example, an
image scanning apparatus and an  image forming
apparatus, input picture data are all scanned  as
image data in a copy mode in which the image scanning
15 apparatus scans document images and then the image
forming  apparatus prints and outputs the images.
Therefore, it is  required to once separate image
areas of the image data and  apply correction
processing to the separated image areas in  accordance
with each element (a character, a continuous 20 tone,
or a dot) of an input document, so as to obtain high-
quality output images. Furthermore, also in the
halftone  processing in which input image data are
converted into  output dot patterns, error diffusion
processing excellent  in image reproducibility has
been generally used. 



WO 2008/032877 PCT/3P2007/060484  -6 However, it is
required to use an image  processing apparatus (image
processing controller) having  high calculation
performance to separate image areas (image  area
separation) and perform correction processing in 5
accordance with the image area separation at high
speed.  In addition, it is required to use an image
processing  apparatus (image processing controller)
having high  processing performance such as a
capability of ensuring  large amounts of buffers to
maintain a quantization error 10 as described above so
as to perform the error diffusion  processing in the
halftone processing. As a result, costs  for the
entire unit will be greatly increased. Therefore, the
omission of image area separation  and the application
of the dither processing to the 15 halftone processing
enable high speed processing without  the use of an
image processing controller having high image
processing performance. On the other hand, however,
the simplification of  the image processing will cause
the occurrence of the so- 20 called moire. The moire
is caused by synchronism/asynchronism between a
document dot component  and a dither mask pattern
(dither matrix) in such a manner  that partially
lacking pixels appear on an output image as  if they
are patterns, resulting in a remarkable reduction 



WO 2008/032877 PCT/JP2007/068484  -T in image quality.
Furthermore, the lack of dots will also  cause a
reduction in image density itself. Therefore, as
described in Patent Documents 1 and  2, several
threshold matrices (dither matrices) are 5 randomly
selected for every plural halftone image of  halftone
images or for every random time interval to  perform
the halftone processing so as to prevent the
occurrence of moire (stripe pattern). With this
configuration, however, it is required to prepare
plural, 10 types of dither matrices and randomly
select the same,  thereby causing a low processing
speed and a complicated  configuration. The present
invention is made in view of the  above problems and
may provide an image processing 15 apparatus, a
program, an image forming apparatus, an image  forming
method, and a dither matrix capable of enhancing
output image quality by suppressing the occurrence of
moire  without reducing the processing speed. In order
to solve the above problems, the present  20 invention
provides an image processing apparatus that  performs
halftone processing in which input multi-valued
(M-value) tone image data are converted into
lower-valued  (N-value: M > N > 2) image data by using
a dither matrix.  In the image processing apparatus,
the dither matrix is a 



25 matrix where the intensity of a frequency
characteristic of --8  an output image increases from
a lower frequency component,  through an intermediate
frequency component, to a higher  frequency component.
According to the configuration of the present
invention, the dither matrix is an organized dither
matrix  composed of a main matrix having
dispersibility and a sub- matrix having randomness. In
this case, the main matrix  having dispersibiiity is a
Bayer mat ::ix. Furthermore, a  threshold. is assigned
to the sub-matrix based on a  generation rate by a
circumferentially assigned threshold  in accordance
with tone density, and the halftone  processing is
performed using the dither matrix when input  data
contain a dot image and the halftone processing is
performed using a different dither matrix when the
input  data do not contain a dot image. Furthermore,
the present invention provides a  program that causes
computer to perform halftone  processing in which
input multi-valued (N-v lue) tone image  data are
converted into lower--valued (N-value: N > N > 2)
image data using a dither matrix. The program causes
the  computer to perform the halftone processing using
the  dither matrix where the intensity of a frequency
characteristic of an output image increases from a
lower  frequency component, through an intermediate
frequency  



component, to a higher frequency component. --9-
According to the configuration of the present
invention, the dither matri.x is an organized dither
matri  composed of a main matrix having
disper.sibility and a sub- matrix having randomness.
In this case, the main matrix  having
dispers-`_:ilit_y is a Bayer matrix. Furthermore, a
threshold is assigned to the sub-matrix based on a
generation rate by a circumferentially assigned
threshold  in accordance with tone density. Moreover,
the program  causes the halftone processing to be
performed using the  dither matrix when input data
contain a dot image and the  halftone processing to be
performed using a different  dither matrix when the
input data do not contain a dot  image. Furthermore,
the present invention provides an  image forming
apparatus that performs halftone processing  .. in
which input mu..!.t i-~%ai,_tea (ht-;railue) tone
image data are  converted into lower-valued (N-value:
P'_ > N > 2) image data  by using dither matrix and
that forms images with a  liquid ejection head for
ejecting liquid droplets. In the  image forming
apparatus, the dither matrix is a matrix  where the
intensity of a frequency characteristic of an  output
image increases from a lower frequency component,
through an intermediate frequency component, to a
higher  



frequency component. 0 According to the configuration
of the present  invention, the dither matrix is an
organized dither matrix  composed of a main matrix
having dispersi.bis..ity and a sub- matrix having
randomness. in this case, the main matrix  having
dispersibility is a sayer matrix. Furthermore, a
threshold is assigned the sub-matrix based on a
generation rate by a ::ircumferent ially assigned
threshold  in accordance with tone density. Moreover,
the image  forming apparatus comprises a unit that
performs the  halftone processing using the dither
matrix when input data  contain a dot image and half
tone processing using a  different dither mats.:: when
the input data do not contain  a dot image.
Furthermore, the present invention provides an  image
forming method that performs halftone processing in
which input multi-valued (N7--value) tone image data
are  converted into lower-valued (N-value: N > N > 2)
image data  by using a dither matrix and that causes a
liquid ejection  head for ejecting liquid droplets to
eject liquid droplets  so as to form images. in the
image forming method, the  halftone processing is
performed using the dither matrix  where the intensity
of a frequency characteristic of an  output image
increases from a lower frequency component,  through
an. intermediate frequency component, to a higher  



frequency component. -ii- According to the
configuration of the present invention, the dither
matrix is a ma:rix Where the  intensity of a frequency
characteristic of an output image  :increases from a
lower frequency component, through an  intermediate
frequency component, to a higher frequency  component.
According to the image processing apparatus, the
program, the image forming apparatus, and the image
forming  methodof the embodiment of the present
invention, halftone  processing is performed using a
dither matrix where the  intensity of a frequency
characteristic of an output image  increases from a.
Lower frequency component, through an  intermediate
frequency component, to a higher frequency  component,
thereby making A possible to enhance output image
quality by suppressing the occurrence of moire without
reducing processing speed. Furthermore, according to
the  dither matrix of the embodiment of the present.
invention, the  intensity of a frequency
characteristic of an output image  increases from a
lower frequency component, through an  intermediate
frequency component, to a higher frequency  component,
thereby making it possible to perform halftone
processing capable of suppressing the occurrence of
moire  without reducing processing speed. WO
2008/032877 PCT/JP2007/068484  



-12 BRIEF-DESCRIPTION OF THE DRAWINGS FIG. 1 is a side
view for explaining an entire  configuration of a
mechanical section of an image forming  apparatus
according to an embodiment of the present 5 invention,
which includes an image processing apparatus of  the
embodiment of the present invention, a program
thereof,  and a dither matrix thereof and forms images
with an image  forming method thereof; FIG.2 is a plan
view of the mechanical section at  10 its essential
part; FIG. 3 is an enlarged front view of the image
forming apparatus at its essential part; FIG. 4 is a
block diagram showing an outline of a  control section
of the image forming apparatus; 15 FIG. 5 is an
explanatory drawing for explaining a  flow of image
processing in a general copy mode; FIGS. 6A through 6C
are explanatory drawings for  explaining dither
processing; FIGS. 7A and 7B are explanatory drawings
for  20 explaining the occurrence of moire where a dot
image  matches the basic tone of a dither matrix;
FIGS. BA through 8D are explanatory drawings for
explaining the frequency characteristic of the dither
matrix according to the embodiment of the present
invention  25 in different tone levels; 



WO 2008/032877 PCTIJP2007/068484  -13 FIG. 9 is an
explanatory drawing for explaining  the dither matrix
having the blue noise characteristic;  FIG. 20 is an
explanatory drawing for explaining the frequency
characteristic of a dot image; 5 FIGS. 11A and 11B are
explanatory drawings for  explaining the output image
results of dot images when  halftone processing is
performed using the dither matrix  according to the
embodiment of the present invention; FIGS. 12A and 12B
are explanatory drawings for  10 explaining the
characteristic of a general dot image;  FIGS. 13A
through 13C are explanatory drawings for explaining an
example of a configuration of the dither  matrix
according to the embodiment of the present  invention;
15 FIGS. 14A through 14C are explanatory drawings  for
explaining the threshold arrangement of a sub-matrix
of  the dither matrix according to the embodiment of
the  present invention; FIGS. 15A and 15B are
explanatory drawings for  20 explaining an example
when a dither matrix is rotated to be  used; FIGS. 16A
and 16B are explanatory drawings for  explaining a
case where a dither matrix is respectively  arranged
in a forward order and a reverse order to be used; 



WO 2008/032877 PCT/SP2007/068484  -14 FIGS. 17A
through 17D are explanatory drawings  for explaining a
multi-valued dither matrix; FIG. 18 is an explanatory
drawing for explaining  a head in which nozzle arrays
are asymmetrically arranged;  5 FIG. 19 is an
explanatory drawing for explaining  an example of a
head in which nozzle arrays are symmetrically
arranged; FIG. 20 is an explanatory drawing for
explaining  another example of a head in which nozzle
arrays are 10 symmetrically arranged; FIG. 21 is an
explanatory drawing for explaining  still another
example of a head in which nozzle arrays are
symmetrically arranged; and FIG. 22 is a flow chart
for explaining an example  15 in which halftone
processing is switched in accordance with  a mode.
BEST MODE FOR CARRYING OUT THE INVENTION Next,
referring to the accompanying drawings, a  20
description is made of an embodiment of the present
invention. FIGS. 1 through 3 describe an example of an
image forming apparatus according to the embodiment of
the  present invention. Note that FIGS. 1, 2, and 3
are a  schematic view showing an entire configuration
of the image 25 forming apparatus, a plan view of the
engine unit section 



WO 2008/032877 PCT/JP2007/068484  -15 thereof, and an
enlarged front view of the engine unit  section
thereof, respectively. The image forming apparatus
includes an image  forming section (means) 2 that
forms images, a sub-scanning  5 conveying section
(means) 3, and the like inside (in the housing of) an
apparatus main body 1. In the image forming
apparatus, a medium to be recorded (hereinafter
referred to  as a "sheet," but the material of it is
not limited to a  paper) 5 as a member to be conveyed
is individually 10 separated and fed from a sheet
feeding section (means) 4 as  storage means provided
at the bottom of the apparatus main  body 1. Then,
after the image forming section 2 ejects  liquid
droplets onto the sheet 5 to form (record) desired
images thereon as the sheet 5 is intermittently
conveyed at 15 the position opposing the image forming
section 2 by the  sub-scanning conveying section 3,
the sheet 5 is discharged  to a sheet discharging tray
7 formed at the upper surface  of the apparatus main
body 1 through a discharge conveying  section 6. Note
that the image forming section 2 and the 20
sub-scanning conveying section 3 are unitized to be an
engine unit 100 and detachably attached to the
apparatus  main body 1. Furthermore, the image forming
apparatus further  includes, as an input system for
image data (print data)  



25 formed in the image forming section 2, an image
scanning WO 2008/032877 PCTt.JP2007/068 484  -16
section (scanner section) 11 placed at the upper part
of  the apparatus main body 1, i.e., above the sheet
discharging tray 7 to scan images. in the image
scanning  section 11, a scanning optical system 15
including an 5 illumination source 13 and a mirror 14
and a scanning  optical system 18 including mirrors 16
and 17 are moved to  scan a document image placed on a
contact glass 12, and the  scanned image of the
document is read as an image signal by  an image
scanning element 20 arranged in a rearward 10 position
of a lens 19. The read image signal is digitized  and
subjected to image processing, thus allowing the print
data subjected to the image processing to be printed.
Note  that a pressure plate 10 is provided on the
contact glass  to press a document. 1S As shown in
FIG. 2, in the image forming section  2 of the image
forming apparatus, a carriage 23 is movably  held in
the main scanning direction by a carriage guide
(guide rod) 21 laterally provided between a front
plate  101F and a rear plate lOlR and a guide stay
(not shown) 20 provided in a rear stay 101B and is
moved to scan in the  main scanning direction by a
main scanning motor 27 through  a timing belt 29
suspended between a drive pulley 28A and a  driven
pulley 28B. 



The carriage 23 has totally five liquid droplet  25
ejection heads mounted thereon including recording
heads WO 2008/032877 PCT/3P20071068484  -17 24k1 and
24k2 of two liquid droplet ejection heads both of
which eject black (K) ink and recording heads 24c,
24m, and  24y (referred to as a "recording head 24"
when colors are  not differentiated from each other or
when the recording z heads are given a numeric name)
of liquid droplet ejection  heads which eject cyan (C)
ink, magenta (M) ink, and yellow  (Y) ink,
respectively. The image forming apparatus is of a
shuttle-type which moves the carriage 23 in the main
scanning direction and causes liquid droplets to be
ejected  10 from the recording heads 24 to form images
as the sheet 5  is fed in the sheet conveying
direction (sub-scanning  direction) by the
sub-scanning conveying section 3. Furthermore, the
carriage 23 has a sub-tank 25  mounted thereon to
supply required colors of recording 15 liquid to the
respective recording heads 24. On the other  hand, as
shown in FIG. 1, respective colors of ink  cartridges
26 as recording liquid cartridges storing black  (K),
cyan (C) ink, magenta (M) ink, and yellow (Y) ink,
respectively, can be detachably loaded into a
cartridge 20 loading section 26A from the front side
of the apparatus  main body 1, and ink (recording
liquid) is supplied from  the respective colors of ink
cartridges 26 to replenish the  



respective colors of sub-tanks 25 through a tube (not
shown). Note that the black ink is configured to be WO
2008/032877 PCT/JP2007/068484  -18 supplied from the
one ink cartridge 26 to the two sub-tanks  25.
Examples of the recording heads 24 include the
so-called piezoelectric type in which a piezoelectric
5 element as a pressure generator (actuating means)
that  increases the pressure of ink in an ink channel
(pressure  generating chamber) is used to deform a
vibration plate  forming the wall surface of the ink
channel to change the  volume of the ink channel,
thereby ejecting ink droplets. 10 Furthermore, the
so-called thermal type can also be used in  which the
pressure generated by heating ink in an ink  channel
with a heating element to produce air bubbles is  used
to eject ink droplets. Furthermore, an electrostatic
type can also be used in which an electrostatic force
15 generated between a vibrating plate and an
electrode is  used to deform the vibrating plate where
the vibrating  plate forming the wall surface of an
ink channel and the  electrode are arranged to oppose
each other to change the  volume of the ink channel,
thereby ejecting ink droplets. 20 Furthermore, as
shown in FIG. 2, a linear scale  128 having slits is
extended between the front and rear  plates 101F and
1018 along the scanning direction of the  



carriage 23, and an encoder sensor 129 composed of a
transmission-type photosensor that detects the slits
formed 25 in the linear scale 128 is provided in the
carriage 23. WO 2008/032877 PCTfJP2007/068484  -19 The
linear scale 128 and the encoder sensor 129 constitute
a linear encoder sensor that detects the movement of
the  carriage 23. Furthermore, as shown in FIG. 2, a
maintenance  5 and recovery mechanism (apparatus) 121
that maintains and  recovers the state of the nozzles
of the recording heads 24  is arranged in a
non-printing area on one side in the  scanning
direction of the carriage 23. The maintenance and
recovery mechanism 121 includes one suction cap 122a
10 serving also as a moisturizing item and four
moisturizing  caps 122b through 122e as cap members
for capping  respective nozzle surfaces 24a of the
five recording heads  24, a wiper blade 124 as a
wiping member for wiping off the  nozzle surfaces 24a
of the recording heads 24, and an idle 15 ejection
receiver 125 for idle ejection. Furthermore, an idle
ejection receiver 126 for  idle ejection is arranged
in a non-printing area on the  other side in the
scanning direction of the carriage 23.  The idle
ejection receiver 126 has openings 127a through  20
127e formed therein. The sub-scanning conveying
section 3 includes an  



endless conveying belt 31 bridged between a conveying
roller 32 as a drive roller and a driven roller 33 as
a  tension roller to change the conveying direction of
the 25 sheet 5 fed from the lower side of the
apparatus main body WO 2008/032877 PCT/JP20071068484
-20 1 by approximately 90 degrees so as to convey the
sheet 5  in the direction opposing the image forming
section 2; a  charging roller 34 as charging means to
which AC bias  voltage as alternating voltage is
applied to charge the 5 front surface of the conveying
belt 31; a platen guide  member 35 that guides the
conveying belt 31 at the area  opposing the image
forming section 2; a first pressure  roller (entrance
pressure roller) 36 that presses the sheet  5 against
the conveying belt 31 at the position opposing 10 the
conveying roller 32; a second pressure roller (tip-end
pressure roller) 37 that presses the sheet 5 against
the  conveying belt 31 at the position opposing the
platen guide  member 35 between the conveying roller
32 and the recording  head 24 as image forming means;
a pressing guide member 38 15 that presses the sheet 5
where images are formed by the  image forming section
2; and a separating claw 39 that  separates the sheet
5 where images are formed by the image  forming
section 2 from the conveying belt 31. The conveying
belt 31 of the sub-scanning 20 conveying section 3 is
configured to rotate in the sheet  



conveying direction (sub-scanning direction) of FIG. 2
in  such a manner that the conveying roller 32 is
rotated by a  sub-scanning motor 131 through a timing
belt 132 and a  timing roller 133. WO 20081032877
PCT/JP24107/068484  -21 The sheet feeding section 4
includes a sheet  feeding cassette 41 that can be
inserted in and extracted  from the apparatus main
body 1 and serves as storage means  that stores a
multiplicity of the sheets 5 in a stacked 5 manner, a
sheet feeding roller 42 and a friction pad 43  that
individually separate and feed the sheet 5 of the
sheet feeding cassette 41, and a pair of resist
rollers 44  that resist the fed sheet 5. Furthermore,
the sheet feeding section 4 includes  10 a manual
feeding tray 46 that stores a multiplicity of the
sheets 5 in a stacked manner, a manual feeding roller
47  used to individually feed the sheet 5 from the
manual  feeding tray 46, and a vertically conveying
roller 48 used  to convey the sheet 5 fed from a sheet
feeding cassette or 15 a double-sided unit that is
optionally attached on the  bottom side of the
apparatus main body 1. Such members as  the sheet
feeding roller 42, the resist rollers 44, the  manual
feeding roller 47, and the vertically conveying
roller 48, which are used to feed the sheet 5 to the
sub 20 scanning conveying section 3, are driven to
rotate by a  



sheet feeding motor (drive means) 49 composed of a HT3
stepping motor through an electromagnetic clutch (not
shown). The discharge conveying section 6 includes two
25 pairs of discharge conveying rollers 61 and 62 that
convey WO 2008/032877 PCT/JP2007/068484  -22 the sheet
5 where images are formed and a pair of discharge
conveying rollers 63 and a pair of discharge rollers
64  used to discharge the sheet 5 to the sheet
discharging tray  7. 5 Referring next to a block
diagram shown in FIG. 4,  a description is made of the
outline of the control section  of the image forming
apparatus. The control section includes a main control
section 301 composed of a microcomputer containing a
CPU, a  10 ROM, a RAM, a VRAM, an I/O and a print
control section 302 composed of a microcomputer
responsible for controlling a  printing operation. The
program according to the  embodiment of the present
invention is executed by the CPU  stored in the ROM of
the main control section 301. 15 The main control
section 301 controls the driving  of the main scanning
motor 27 and the sub-scanning motor  131 through a
main scanning motor drive circuit 311 and a
sub-scanning motor drive circuit 312 to form images on
the  sheet 5 based on the information for print
processing input 



20 from a communication circuit 300 and controls to
output  print data to the print control section 302.
Furthermore, the detection signal from a carriage
position detection circuit 313 that detects the
position of  the carriage 23 is input to the main
control section 301, 25 and the main control section
301 controls the movement WO 2008/032877
PCT/JP20071068484  -23 position and the movement speed
of the carriage 23 based on  the detection signal. The
carriage position detection  circuit 313 reads the
number of slits of the linear scale  (encoder sheet)
128 arranged in the scanning direction of 5 the
carriage 23 by using the photosensor (encoder sheet)
129 mounted on the carriage 23 and performs
calculations to  detect the position of the carriage
23. The main scanning  motor drive circuit 311 drives
the main scanning motor 27  to rotate in accordance
with an output value based on the  10 carriage
movement amount input from the main control section
301, e.g., a PWM output value for performing PWM
control so as to move the carriage 23 to a prescribed
position at a prescribed speed. Furthermore, the
detection signal from a 15 conveyance amount detection
circuit 314 that detects the  movement amount of the
conveying belt 31 is input to the  main control
section 301, and the main control section 301
controls the movement amount and the movement speed of
the  



conveying belt 31 based on the detection signal. The
20 conveyance amount detection circuit 314 reads the
number of  slits of an encoder wheel attached to the
rotary shaft of  the conveying roller 32 by using the
photosensor (encoder  sensor) and performs
calculations to detect a conveyance  amount. The
sub-scanning motor drive circuit 312 drives 25 the
sub-scanning motor 131 to rotate in accordance with
the WO 2008/032877 PCTIJP2007/068484  _24_ conveyance
amount input from the main scanning section 301,  so
that the conveying roller 32 is driven to rotate to
move  the conveying belt 31 to a prescribed position
at a  prescribed speed. 5 Furthermore, the main
control section 301 applies  an AC bias to the
charging roller 34 through an AC bias  supply section
315 so that the conveying belt 31 is  controlled to be
charged. The main control section 301  drives the
sheet feeding motor 49 to rotate through a sheet 10
feeding motor drive circuit 316. The main control
section  301 drives the motor (not shown) of the
maintenance and  recovery mechanism 121 to rotate
through a circuit 317 for  driving the motor that
drives the maintenance and recovery  mechanism so as
to move the caps 122 and the wiper blade 15 124 up and
down and drive a suction pump (not shown).
Furthermore, the main control section 301  controls
the image scanning section 11 through a scanner  



control section 318. The main control section 301
outputs  required display information to an operations
panel 319 and 20 takes input key information
therefrom. The print control section 302 generates
data for  driving the pressure generator that ejects
liquid droplets  from the recording heads 24 based on
the signal from the  main control section 301 as well
as the carriage position 25 and the conveyance amount
from the carriage position WO 2008/032877
PCT/JP2007/068484  -25 detection circuit 313 and the
conveyance amount detection  circuit 314 so as to
transfer the above image data to a  head drive circuit
321 as serial data and outputs a  transfer clock, a
latch signal, an ink droplet control 5 signal (mask
signal), and the like necessary for  transferring the
image data and determining the transfer,  to the head
drive circuit 321. In addition, the print  control
section 302 includes a drive waveform generation
section composed of a D/A converter by which pattern
data 10 of the drive signal stored in the ROM are
D/A-converted, a  voltage amplifier, a current
amplifier, and the like and  drive waveform selection
means that selects a drive  waveform to be supplied to
the head driver, and generates a  drive waveform
constituted of either one drive pulse (drive 15
signal) or plural drive pulses (drive signals) and
outputs  it/them to the head drive circuit 321. 



Based on the serially-input image data  corresponding
to one line of the recording head 24, the  head drive
circuit 321 selectively applies the drive signal 20
constituting the drive waveform supplied from the
print  control section 302 to a drive element (e.g.,
the  piezoelectric element as described above) that
generates  energy for ejecting liquid droplets from
the recording head  24 so as to drive the recording
head 24. At this time, the 25 head drive circuit 321
can separately eject different sizes WO 2008/032877
PCT/JP2007/068484  -26 of dots such as "large droplets
(large dots)," "medium  droplets (medium dots)," or
"small droplets (small dots)"  by selecting the drive
pulse constituting the drive  waveform. 5 The image
forming apparatus having such a  configuration detects
the rotation amount of the conveying  roller 32 that
drives the conveying belt 31, controls the  driving of
the sub-scanning motor 131 in accordance with  the
detected rotation amount, and applies rectangular-wave
10 high voltage of positive and negative poles as
alternating  voltage to the charging roller 34 from
the AC bias supply  section 315. Accordingly, positive
and negative electric  charges are alternately applied
to the conveying belt 31 in  the conveying direction
thereof in a belt shape, so that 15 the conveying belt
31 is charged in a prescribed charging  



width to generate a non-uniform electric field. When
the sheet 5 is fed from the sheet feeding  section 4,
delivered between the conveying roller 32 and  the
pressure roller 36, and placed on the conveying belt
31 20 where the positive and negative charges are
formed to  generate the non-uniform electric field, it
is  instantaneously polarized to follow the direction
of the  electric field, adhered onto the conveying
belt 31 by an  electrostatic attraction force, and
conveyed along with the 25 movement of the conveying
belt 31. WO 2008/032877 PCT/JP2007/068484  -27 As the
sheet 5 is intermittently conveyed by the  conveying
belt 5, liquid droplets of a recording liquid are
ejected onto the sheet 5 to record (print) images
thereon.  The sheet 5 where printing is performed is
separated from 5 the conveying belt 31 at its tip end
by the separating claw  39 and delivered to the
discharge conveying section 6 by  the conveying roller
38. Furthermore, during standby for performing a
printing (recording) operation, the carriage 23 is
moved to  10 the side of the maintenance and recovery
mechanism 121 where the nozzle surface of the
recording head 24 is capped  by the cap 122 to keep
the nozzles moisturized, thereby  preventing an
ejection failure due to the drying of ink.
Furthermore, a recording liquid is suctioned (this 



.15 operation is called "nozzle suction" or "head
suction")  where the recording head 24 is capped by
the suction and  moisturizing cap 122a, to perform a
recovery operation for  discharging the recording
liquid increased in viscosity or  air bubbles. In the
recovery operation, the wiper blade 20 124 is used to
perform a wiping operation to clean and  remove the
ink adhering on the nozzle surface of the  recording
head 24. Furthermore, idle ejection is performed
before the start of or in the middle of recording
images in  which the ink not used for the recording is
ejected to the WO 2008/032877 PC /JP2007/068484  -28
idle ejection receiver 125, thereby maintaining the
stable  ejection performance of the recording head 24.
Next, descriptions are made of an image  processing
apparatus of the embodiment of the present 5
invention; a program thereof; halftone processing by
the  image forming method thereof; and a dither matrix
thereof,  in the image forming apparatus. First, as
shown in FIG. 5, in a general flow of  image
processing from the scanning of document images by an
10 image scanning apparatus (scanner) up to the output
thereof by an image forming apparatus (printer), the
document image  data scanned by the scanner 11 are
subjected to a scanner y  correction unit 411, an
RGB--+YUV conversion unit 412, a  smoothing unit 413,
an edge enhancement unit 414, a YUV-DRGB 



15 conversion unit 415, a background elimination unit
416, and  an edge amount calculation unit 417 in an
input correction  section 401 so as to be corrected.
More specifically, although input image data are  all
read as "image" data when document images are copied
20 and print-output, they may be read in a more
deteriorated state than the document depending on the
performance of the  scanner, conditions (recording
quality, stain, damage,  surface gloss) of the input
document, or the like.  Accordingly, the input
correction processing section 401 25 corrects the
deteriorated data and enhances characteristics WO
2008/032877 PCT/JP2007/068484  -29 for each object,
thereby aiming to improve the quality of  images when
the images are output. If the input correction
processing section 401  has processing capability, it
causes an image area 5 separation unit 418 to separate
scanning image areas so as  to scan characters and
pictures in an optimal mode and  makes each of the
image areas corrected as described above.  More
specifically, when scanning the document where
characters and pictures exist together, the image area
10 separation unit 418 separates the areas of
characters from  those of pictures so that they are
optimally processed,  because dots may be crushed if
the characters are given a  higher priority while the
characters may blur if the  



pictures are given a higher priority. 15 In an output
processing section 402 to which the  corrected image
data output from the input correction  processing
section 401 are input, required processing is
performed by a CMY processing unit 421 that converts
the  image data into a color space (RGB color system
-3 CMY color 20 system); a BG/[JCR processing unit 422
that generates a  black color and reduces an
undercolor from the value of  CMY; a magnification
processing unit 423 that performs  magnification
processing in accordance with resolution; a  printery
correction unit 424 that performs input/output 25
correction processing reflecting the characteristics
of the WO 20081032877 PCT1JP2007/068484  -30 apparatus
and users' preferences; and a halftone processing
unit 425 including a dither matrix that replaces image
data  with the pattern arrangement of dots ejected
from the image  forming apparatus. Although not shown
in FIG. 5, the dot 5 pattern data as print image data
obtained in the halftone  processing are divided into
data for each scanning,  rasterized to be developed
into data in line with each  nozzle position where
recording is performed, and then  output (printer
output) to the print control section 302. 10 In the
BG/UCR processing unit 422, the printer y  correction
unit 424, and the halftone processing unit 425  of the
output correction section 402, the processing is  



performed in accordance with the separation results by
the  image area separation unit 418. 15 By the way,
the results of image area separation  by the image
area separation unit 418 will become important
information in performing the above-described
processing of  the input correction processing section
401 and the output  processing section 402. As a
result, if the results of 20 image area separation are
wrong, the processing will be  wrongly performed as it
is, resulting in the occurrence of  abnormal images.
Therefore, the unit for image area  separation is
required to have high processing capability  and
performance. WO 2008/032877 PC7'/. P2007/068484  -31
Thus, high-speed and accurate image area  separation
largely depends on the performance of an image
processing controller. If an image processing
controller  having insufficient processing capability
is used, image 5 area separation which makes use of
pattern matching,  frequency analysis, and the like
will have an increased  workload for calculation,
resulting in a remarkable  .reduction in a throughput.
On the other hand, however, the installation of an
image processing controller having 10 sufficient
processing capability will increase costs of an  image
forming apparatus, an image forming apparatus, or the
like. 



Accordingly, the image forming apparatus aiming  to
reduce costs is configured to omit image area
separation  15 and use only minimum correction
processing (such as weak smoothing and background
elimination). Moreover, the  apparatus is required to
use the dither processing, not the  error diffusion
processing, as halftone processing also in  the
halftone processing unit 25 of the output processing
20 section 402. The present invention pertains to the
halftone processing unit 425. As shown in FIGS. 6A
through 6C, the dither  processing compares the input
multi-level image data shown  in FIG. 6A with the
thresholds of the dither matrix shown 25 in FIG. 6B
and replaces them with the arrangement of the WO
2008/032877 PCT/,JP20071068484  -32 dot pattern shown
in FIG. 6C. The dither processing is  extremely light
and uses only a small amount of memory for
calculation, because the ON/OFF of dots is determined
by  paired comparison of a dither matrix and input
data. In 5 the error diffusion processing, on the
other.hand, it is  required to perform calculation
reflecting a peripheral  quantization error so as to
determine the ON/OFF of dots  and ensure a memory for
maintaining an error value even  after the
determination. In terms of image quality, the 10 error
diffusion processing is superior to the dither
processing in resolution, image reproducibility, or
the  



like, but it may not be used in some cases due to its
heavy  workload in calculation and memory cost.
However, if the dither processing is used in the  15
copy mode, the moire caused by interference with the
dot  pattern of a document will occur. More
specifically, as  shown in FIGS. 6A through 6C, even
if data exist on a  document image, dots will never be
generated unless the  data exceed the thresholds of
the dither matrix. If data 20 are regularly
distributed as seen in a dot document, the  lack of
dots by the dither processing will adversely cause
the regularity, which could possibly appear as moire.
For  example, if the dot document data shown in FIG.
7A are  subjected to the dither processing by the
dither matrix 25 having the parallel line basic tone,
the moire caused by Q 3 interference with the parallel
line basic tone will appear,  as shown in FIG. 7B, on
an output image as it is. The dither processing can be
classified into a  concentrated type or a dispersed
type depending on a dot  generation method. However,
moire is likely to occur  particularly when the
concentrated--type dither and a dot  document are used
in combination. This is because the  concentrated-type
dither concentrates dots in accordance  with a
specific arrangement. As a result, regularity is
caused also in synch on'' smi asynchronism parts
between the regularity of the concentrated-type dither
and the dot  



periods of a document, which will be emphasized as
moire.  Accordingly, the dither matrix according co
the embodiment of the present invention has a
configuration in  which the frequency characteristic
of an output image  increases from a lower frequency
component, through an  intermediate frequency
component, to a higher frequency  component in each
tone level (from 0 to 255, 255 representing  a solid
image) so as to reduce the occurrence if moire and
perform the dither processing suitable to the copy
mode by  which good reproducibility is obtained. FIGS.
8A through OD show the frequency  characteristic of
image data (arrangement pattern dots)  relating to
tone levels of 40 (FIG. BA), 80 (FIG. 8B), 120  (FIG,
80. and 160 (FIG. 8D), respectively: a power -34-
spectrum the square of an amplitude):is plotted to
show  frequency in. the horizontal axis and the
intensity of a  frequency component in the ver"tical.
axis. As apparent from FIGS. 8A through 8D, the
frequency characteristic of an  output image subjected
to the halftone processing by the  dither matrix
according to the embodiment of the present  invention
becomes a frequency characteristic in which the
intensity of a frequency component increases from a
lower  frequency component, through an intermediate
frequency  component, to a higher frequency component.
Note that even  if such a frequency characteristic is
not seen in every  



tone level, the effect of the embodiment of the
present  invention can be obtained. Such a frequency
characteristic 'irea'nly differs  from the dither
matrix having the generally-known blue  noise
characteristic, i the frequency characteristic of  an
output image in which the intensity of a frequency
component is smal.l at a low frequency component, but
it  rapidly increases at a high frequency component
with a  certain frequency component as a boundary as
shown in FIG.  9. More specifically, for example, in
the frequency  characteristic of a dot document (65
lines) where the  E~:.ron:inen.t. specific basic tone
pattern is seen, peaks will  be generated at the
frequency bands corresponding to the WO 2008/032877
PCT/JP20071069484  -35 period of the basic tone as
shown in FIG. 10. As opposed  to this, when the dither
matrix having the blue noise  characteristic as a
representative dither matrix having an  increased
dispersibility is used, an output dot is likely 5 to
be easily assigned to a document dot position if the
dither matrix has a frequency component (preferably an
n- fold component: "n" is an integer of 1 or more)
higher than  the frequency characteristic of a dot
document. However,  if the frequency characteristic of
the dither matrix is 10 overconcentrated on the side
of higher frequencies, the  



dither matrix will enhance its characteristic of
uniformly  assigning dots to a unit area.'
Accordingly, the density of  dots for reproducing
document dots existing as a cluster is  reduced. As a
result, the concentration of an output image  15 will
be reduced. on the other hand, the dither matrix
according to  the embodiment of the present invention
has a low frequency  component in some degree (that
corresponds to the so-called  green noise
characteristic when only the part ranging from 20 a
low frequency component to an intermediate frequency
component is considered) as described above, thereby
making  it possible to ensure the reproducibility of
the position  of dots and the density thereof. More
specifically, dots  are caused to be somewhat
concentrated while being WO 2008/032877
PCT/JP20071068484  -36 dispersed, so that the area
modulation characteristic of  dots can also be
reproduced. When the dither matrix having the
frequency  characteristic according to the embodiment
of the present 5 invention is used to reproduce a dot
document, moire hardly  occurs on the reproduced image
shown in FIG. 11B if the dot  document data shown in
FIG. 11A is subjected to the dither  processing,
showing that the image quality of the document  is
remarkably improved compared with the quality of the
10 reproduced image shown in FIG. 7B. 



Referring now to FIGS. 12A and 12B and the  subsequent
figures, a description is made of an example of  a
specific configuration of the dither matrix according
to  the embodiment of the present invention. 15 As
described above, the dither processing  necessarily
causes synchronism/asynchronism with document  image
data according to the threshold arrangement of a
dither matrix. The problem resides in a document where
dots are constantly arranged in the fixed period as
shown 20 in FIGS. 12A and 12B. Note that FIG. 12A
schematically  shows pixel pitches in a document dot
image (input at 600  dpi) (K-plate: screen angle at
45), and FIG. 12B shows  horizontal pixel pitches (dot
pitches when dots are input  at 600 dpi) relative to
the number of lines. 25 As apparent from FIGS. 12A and
123, although the WO 2008/032877 PCT/JP2007/068484
-37 pitches between dots are different from each other
depending on the number of lines, the dots are
constantly  arranged at a predetermined interval based
on a square.  The tones of images can be expressed as
the size of a dot  is increased. Since the generation
coordinates of a dot  are fixed with regularity, even
a slight shift will cause  the occurrence of
interference moire if a dither matrix has  a threshold
arrangement with regularity. In the worst case,  a
total asynchronism with document image data will be 



10 caused. As a result, dots may not be reproduced at
all.  In order to solve the problem, it is required to
have the threshold arrangement including the part that
necessarily synchronizes with a dot document and the
threshold arrangement in which
synthronism/asynchronism 15 parts have no periodicity.
The dither matrix according to  the embodiment of the
present invention solves this problem  with
randomness. However, the dither matrix with simple
randomness causes dots to be overconcentrated,
resulting in  a noisy tone reproduction pattern. 20
Thus, in the dither matrix according to the
embodiment of the present invention, the organized
dither  matrix 500 shown in FIG. 13A is composed of
the main  matrices 501 shown in FIG. 13H and the
sub-matrices 502  shown in FIG. 13 C constituting each
part of the main 25 matrices 501 so that the dither
matrix can have WO 2008/032877 PCT/JP2007/068484  -38
dispersibility in a large sense and randomness in a
local  sense. Thresholds are arranged in the main
matrices 501  based on the rule of the dispersed
dither and randomly  arranged in the sub-matrices 502.
5 In this manner, the dither matrix is configured to
be an organized dither matrix composed of the main
matrices  having dispersibility and the sub-matrices
having  randomness, so that the above-described
frequency  



characteristic can be easily obtained. 10 In this
case, the regularity of Bayer dither or  that of other
dispersed dithers may be applied to the main  matrices
502. However, since a dot document is based on a
square dot arrangement, it is preferable that the
dispersed  dither as a reference for regularity be
also based on the 15 square threshold arrangement for
easy synchronization.  Therefore, the Bayer dither is
preferable in this respect.  Furthermore, if the
sub-matrices 502 are larger in size  than the main
matrices 501, the randomness will become  superior to
the dispersibility. Therefore, it is required 20 to
make the size of the main matrices 501 larger than
that  of the sub-matrices 502. Although thresholds are
randomly assigned to the  sub-matrices 502, complete
randomness may cause dots to be  overconcentrated to
reduce image quality. This is because 25 dots may be
overconcentrated not only in one sub-matrix 502, WO
2008/032877 PGTIJ1'2007/068484  -39 but also between
the adjacent sub-matrices 502. In the  above-described
related art, the random dither is switched  to avoid
the generation of texture. However, it does not
assume the overconcentration of dots caused by the 5
combination of the sub-matrices 502 and does not solve
it  as a matter of course. In order to prevent the
overconcentration of dots  



between the sub-matrices 502, that is, in order to
prevent  the overconcentration of dots straddling over
the sub 10 matrices 502, a threshold is preferably
assigned based on a  generation rate by
circumferentially assigned (e.g., eight
circumferential) thresholds in accordance with tone
density.  However, as described in the comparison with
the dither  matrix having the blue noise
characteristic, the 15 overdispersion of dots is not
preferable as is the case  with the concentration of
dots. This is because the  density of dots for
reproducing document dots existing as a  cluster is
reduced. As a result, the concentration of an  output
image will be reduced. 20 More specifically, where,
for example, the 3 x 3  sub-matrix 502 is arranged in
the individual Bayer main  matrix 501, when a
threshold is assigned to an arbitrary  point Px in the
3 x 3 block, the threshold as to whether a  dot is
caused to be generated at the position of Px (the 25
matrix attached with the mark *) as shown in FIG. 14B
is WO 2008/032877 PCb'/322007/068484  -40 determined
by performing weighting at eight adjacent matrix
positions (e.g., the matrices in the diagonal position
are  weighted by "1" and those in the left, right,
top, and  bottom positions are weighted by "3"). Based
on the sum of 5 the weighting at the position where
the threshold has been  assigned (the left upper
matrix in FIG. FIG. 14B), if a  



generation rate by circumferentially assigned
thresholds is  a given rate proportional to the tone
or smaller, the dot  will be generated (in this
example, the dot is generated, 10 because the sum of
the weighting is "1"). In this case, the generation
rate by  circumferentially assigned thresholds can be
adjustable.  For example, when the 50% tone matrix is
selected, the  maximum of the weighting by the
circumferential matrices is 15 "16" (1 x 4 + 3 x 4) in
the above example. Therefore, if  thresholds to make
thin dots be generated are to be  assigned, it is
required to select matrices whose weighting  sum is
"eight or smaller" on average. In this case,  however,
the matrices where thresholds are assigned are 20
limited. Accordingly, it is possible to allow a
certain  degree, e.g., three out of ten to assign
thresholds to the  matrices whose weighting sum is "10
or smaller." In this manner, the sub-matrix is
configured in  such a manner that the thresholds are
assigned based on the  25 generation rate by the
circumferentially assigned WO 2008/032877
PCT/JP2007/068484  -41 thresholds in accordance with
tone density. In other words,  the sub-matrix is
designed to have a constant prohibited- rule
arrangement (in which the generation rate by the
circumferentially assigned thresholds should be at a 5
predetermined rate or smaller) while having
randomness.  



Thereby, it is possible to prevent the
overconcentration of  dots between the sub-matrices
and easily achieve the above- described frequency
characteristic. When halftone processing is performed
using the  10 dither matrix thus configured according
to the embodiment  of the present invention, the
dither matrix may use a mask  common to each plate of
CMYK where an image is to be output.  However, the
dots after having been subjected to the dither
processing are likely to be overlapped with each other
in 15 the plates of CMYK, which could possibly
generate color  muddiness and reduce granular feeling.
Therefore, it is  preferable to use a different mask
for each color of the  plates. For example, as shown
in FIGS. 15A and 155, the  arrangement order of the
main matrix 501 is changed (here, 20 the matrix of
FIG. 15A is rotated by 90 to obtain the  matrix of
FIG. 155), to thereby make it possible to greatly
differentiate the generation order of dots for each
color.  Particularly, since a print document has an
inherent screen angle for each color of CMYK, the main
25 matrix 501 is rotated in accordance with the screen
angle WO 2008/032877 PCT/JP2007/068484  -42 so that
the reproducibility of dots can be further enhanced
for each color. Furthermore, as shown in FIGS. 16A and
16B, the  normally-ordered matrix shown in FIG. 16A is
combined with  



5 the reversely-ordered matrix shown in FIG. 16B in
which thresholds are reversely assigned, for each
color, whereby  the overlapping of each color of dots
can be reduced.  Particularly, it is preferable to
reverse the order of C and M, the most sensitive to
human eyes, or that of Y and K,  10 sensitive to color
muddiness. Moreover, when the dither matrix according
to the  embodiment of the present invention is applied
to a multi- valued dither, it is possible to set a
reproduction tone  section in accordance with the size
of a droplet (or the 15 density of ink to be used) as
shown in FIG. 17A and  generate a multi-valued dither
matrix for small dots,  medium dots, and large dots to
which values for each tone  section are assigned, as
shown in FIGS. 17B, 17C, and 17D. Furthermore, some
liquid-ejection-type image 20 forming apparatuses have
nozzles at high density to perform  recording at high
quality. Among the apparatuses, there is  one that has
nozzles arranged therein in color symmetry to  perform
bi-directional recording, thereby solving bi
directional color difference and aiming for high-speed
25 printing. The symmetrical arrangement here refers
to a WO 2008/032877 PCT/JP2007/068484  -43
configuration in which plural nozzle arrays composed
of  plural nozzles arranged in the sub-scanning
direction are  arranged in the main scanning
direction, two or more nozzle  



arrays that eject the same color of ink are provided,
one 5 or more nozzle arrays that eject a different
color of ink  are provided between the nozzle arrays
that eject the same  color of ink, and nozzle arrays
that eject the same color  of ink are symmetrically
arranged about an axis orthogonal  to the main
scanning direction. 10 For example, when a head in
which nozzle arrays of  each color are respectively
arranged in the printing  direction (e.g., a head in
which nozzle arrays are arranged  in the order of
YMCK) is used to perform bi-directional  printing,
bi-directional color difference is caused to 15 occur
at a part where plural recording liquids are
overlapped with each other. In ejecting recording
liquids  of yellow and cyan so that they are
overlapped with each  other, color tones are made
different depending on which of  the orders, yellow -4
cyan, cyan -a yellow, the recording 20 liquids will be
ejected. When the recording head in which  the nozzles
of each color are respectively arranged as shown in
FIG. 18 is used to perform bi--directional printing,
droplets will be ejected in the order of yellow -+
cyan for  the forward direction and in the order of
cyan -* yellow for  25 the backward direction, thereby
causing stripe color WO 2008/032877 PCT/JP20071068484
-44 unevenness having a different color tone. In order
to solve the problem, it is required to  



employ a configuration in which plural nozzle arrays
composed of plural nozzles arranged in the
sub-scanning > direction are arranged in the main
scanning direction, two  or more nozzle arrays that
eject the same color of ink are  provided, and one or
more nozzle arrays that eject a  different color of
ink are provided between the nozzle  arrays that eject
the same color of ink. 10 For example, as shown in
FIG. 19, it is possible  to eject the recording
liquids so that they are overlapped  with each other
in the orders of C -3 Y as well as Y -* C  regardless
of the forward and backward directions with the
configuration in which the nozzle arrays that eject
ink of, 15 C and M are arranged between the nozzle
array that ejects  ink of Y. Furthermore, it is
possible to eject the  recording liquids so that they
are overlapped with each  other in the orders of M -*
Y as well as Y -+ M regardless  of the forward and
backward directions. Thereby, it is 20 possible to
perform bi-directional printing while  increasing a
color reproduction area and print out color  printed
matter having a large color reproduction area at  high
speed. Furthermore, it is possible to employ a 25
configuration in which plural nozzle arrays composed
of WO 2008/032877 Pc'T/JP2007/068484  -45 plural
nozzles arranged in the sub-scanning direction are  



arranged in the main scanning direction, two or more
nozzle  arrays that eject the same color of ink are
provided, one  or more nozzle arrays that eject a
different color of ink. u are provided between the
nozzle arrays that eject the same  color of ink, and
nozzle arrays that eject the same color  of ink are
symmetrically arranged about an axis orthogonal  to
the main scanning direction. For example, as shown in
FIG. 20, the nozzle 10 arrays that eject the same
color of ink are symmetrically  arranged about an axis
orthogonal to the main scanning  direction, i.e., the
nozzle arrays are arranged in the  order of C, M, and
Y centering on K, so that two or more  colors of ink
can be ejected so as to be overlapped with 15 each
other in an arbitrary overlapping order regardless of
the forward and backward directions for more colors.
Thereby, it is possible to perform bi-directional
printing  while obtaining a further increased color
reproduction area  and print out color printed matter
having a large color 20 reproduction area at high
speed. Moreover, as shown in FIG. 21, ink of yellow,
magenta, cyan, and black having a low color density,
namely,.  ink of photo yellow (PY), photo magenta
(PM), and photo cyan (PC) can be used, besides normal
ink of yellow (Y),  25 magenta (M), cyan (C), and
black (K). Furthermore, ink of WO 2008/032877
PCTIJP2007/068484  -46 



photo gray (PG) can also be used. The use of ink
having a  low color density makes it possible not only
to increase a  color reproduction area, but also print
out color printed  matter of which granular feeling is
reduced. a The image forming apparatus having such
high  density nozzles and symmetrical nozzle
arrangement will  have an increased calculation
workload because it is  required to process high
density data at high speed.  However, the halftone
processing using the dither matrix 10 according to the
embodiment of the present invention makes  it possible
to reduce the calculation workload, ensure a
processing speed, and achieve high resolution.
Furthermore, the dither processing using the  dither
matrix according to the embodiment of the present  15
invention can be not only installed as hardware, but
also incorporated into a printer driver as a program,
e.g., as  halftone processing for a printer mode as
described above.  Accordingly, the calculation
workload can be reduced.  Particularly, a computer can
be more quickly released from 20 a print task when the
dither processing is applied not only  to the
processing of the image forming apparatus having the
copy mode as described in the embodiment, but also to
the  image forming apparatus that prints and outputs
the image  data from the host. Moreover, it can also
be applied to an 25 information processing apparatus
that outputs print data to WO 2008/032877
PCT/3P20071068484  



-47 the image forming apparatus (the information
processing  apparatus here also refers to the image
processing  apparatus according to the embodiment of
the present  invention). 5 Furthermore, it is also
possible to switch the  halftone processing using the
dither matrix according to  the embodiment of the
present invention from halftone  processing using a
different dither matrix. That is, there  is halftone
processing enabling a higher quality output 10 with
respect to continuous tone document images, although
it is inferior in reduction of moire for dot document
images and calculation workload. For example, as shown
in  FIG. 22, the halftone processing (first halftone
processing) using the dither matrix according to the
15 embodiment of the present invention is selected for
a copy  mode (and a facsimile mode) in which use
frequency of a dot  document is high, while the other
halftone processing  (second halftone processing) is
selected for a printer mode  in which the continuous
tone document is mainly used. 20 Accordingly, it is
possible to perform high-quality image  reproduction.
These processing can be switched  automatically in
response to the mode selection or in  accordance with
users' instructions. Further, the present invention is
not limited to  25 the embodiment, but variations and
modifications may be 



WO 2008/032877 PCT/JP20071068484  -49 made without
departing from the scope of the present  invention.
The present application is based on Japanese  Priority
Application No. 2006-251949, filed on September 16,  5
2006, with the Japanese Patent Office, the entire
contents of which are hereby incorporated by
reference. 1. An image processing apparatus that
performs  halftone processing in which input
multi-valued (N-value)  tone image data are converted
into lower-valued (N-value: N  > N > 2) image data by
using a dither matrix, wherein the dither matrix is a
matrix where an -intensity  of a frequency
characteristic of an output image increases  from a
lower frequency component, through an intermediate
frequency component, to a higher frequency component.
2. The image processing apparatus according to  claim
1, wherein the dither matrix is an organized dither
matrix  composed of a main matrix having
dispersibility and a sub- matrix having randomness. 3,
The image processing apparatus according to  claim 2,
wherein the main matrix having dispersibility is a
Bayer  na't.cix. 4. The image processing apparatus
according to  



claim 2, wherein a threshold is assigned to the
sub-el.atr._LX based  on a generation: by a
circumferentially assigned  ::hreshol, in accordance
with tone density. 5. The istage processing
al:)paratus acccrdinq to  claim 1, wherein, the
halftone processing is performed using the  dither
marix when input data contain a dc-)L image and the
halftone ; :or;essin is Performed using a different
dither  matrix when the input data do not contain dot
image. 6. A program that causes a computer to perform
halftone processing in which input mu _t .- cilue:d
:M-value)  tone image data are converted into lower.
valued hi value: M fJ > 2) image data using a dither
matrix, the program  c.us-i.r,o the computer to
perform the halftone process:i.no  using the dither
matrix where an intensity of a frequency
characteristic of an  output image :Lncreases from a
lower frequency component,  through an intermediate
frequency c..rt =or:e.^. , to a higher.  frequency
,comp-orent. The program according to claim o, wherein
WO 2008/032877 PCTJJP2007/068484  -51 the dither
matrix is an organized dither matrix  composed of a
main matrix having dispersibility and ,a sub- matrix
having randomness. 



5 9. The program according to claim 7, wherein  the
main matrix having dispersibility is a Bayer  matrix.
9. The program according to claim 7, wherein 10 a
threshold is assigned to the sub-matrix based  on a
generation rate by a circumferentially assigned
threshold in accordance with tone density. 10. The
program according to claim 6, causing 15 the halftone
processing to be performed using the  dither matrix
when input data contain a dot image and the  halftone
processing to be performed using a different  dither
matrix when the input data do not contain a dot
image. 20 11. An image forming method that performs
halftone processing in which input multi-valued
(M-value)  tone image data are converted into
lower-valued (N-value: M  > N> 2) image data by using
a dither matrix and that causes a liquid ejection head
for ejecting liquid droplets  to elect l :quid
droplets so as to form irrm:ages, wherein the halftone
processing is performed using the  tYer matrix where
an intensity of a frequency  characteristic of an
output image increases from a lower  frequency
component, through an intermediate frequency
component, t. a. h.:i.roher frequency component. 12. A
dither matrix that converts input mu ti.-- 



va-lued ;ii-value; tone image data into lower-valued
value. M > N > 2) image data, .wherein the dither
matrix Is a matrix cr rr- r an intensity  of a
frequency characteristic of an output image increases
f.rom a. lower frequency comoontn::, through an
intermediate  frequency com`onent, to a higher
frequency ,.om.ponent. 


