
1 DESCRIPTION Printer, Printing Method, and Printing System 22 May 2006
Technical Field The present invention relates to a printer and a print
method which  have multi-valued representation ability per one pixel, and
relates to a printer,  a print method and a print system which can obtain
printed matter of high  picture quality by less data quantity. This
application claims priority of Japanese Patent Application No.
2001-356527, filed on November, 2001, the entirety of which is incorporated
herein. Background Art Picture quality of printed result (printed matter)
required for printer  becomes high year by year, and realization of high
resolution and realization  of multi-valued data are advanced in accordance
therewith. On the other hand, correspondingly thereto, print data becomes
vast  more and more. For example, data quantity of A4 full size 600dpi CMYK
(cyan, magenta, yellow, black) respective pixel 8 bit becomes equal to as
far  as about 140 MB. Under such circumstances, it takes much time in data
transfer. In view of the above, compression is implemented to such data, or
8 2 



22 May 2006 bits are changed into 4 bits or 3 bits to thereby reduce data
quantity. However, even if data quantity is halved by compression and is
further  changed into 3 bits so that it becomes equal to 3/8, there still
exists data  quantity of about 26 MB. As a result, it took much time in
data transfer. In view of the above, when respective pixels are caused to
be changed  into 1 bit so that data quantity is further halved by
compression, data quantity  is held down to about 9 MB. Accordingly, it is
possible to shorten data transfer  time down to satisfactory degree.
However, since respective pixels are  represented by binary number, it
becomes difficult to obtain printed matter of  high picture quality.
Disclosure of the Invention Example embodiments may provide a printer which
can obtain printed  matter of high picture quality from print data which
has been transferred in the  state changed into 1 bit for the purpose of
shortening data transfer time. Example embodiments may provide a print
method of obtaining  printed matter of high picture quality from print data
transmitted in the state  where data quantity is caused to be 1 bit for the
purpose of shortening data  transfer time. A further object of the present
invention is to provide a print system  which performs data transfer in the
state where data quantities of respective 3 



22 May 2006 to be 1 bit, and which can obtain printed matter of high
picture quality from  data of 1 bit of respective pixels which have been
caused to undergo data  transfer. According to a first aspect of the
present invention, there is provided a  printer which can make
representation of three gradations or more by one  pixel, the printer
comprising: multi-value conversion means for converting data of two
gradations of  a remarked pixel into data of multi-gradation including the
three gradations or  more on the basis of data of pixels around the
remarked pixel; and recording head means for performing print operation
based on the data  of multi-gradation from the multi-value conversion
means. In the printer, values that the remarked pixel may take, which may
be  based on data of surrounding pixels, may be set in advance in a table
where  values in which two gradation data (0, 1) of plural n (n is integer
of three or  more) pixels around the remarked pixel may be assigned to
respective digits  of binary number of n figures and two gradation data (0,
1) of the remarked  pixel may be taken as parameter. Thus, the multi-value
conversion means may  make reference to this table to thereby convert two
gradation data into  multi-gradation data. For example, n is 8, and eight
pixels positioned in upper  and lower directions, in left and right
directions and in oblique direction of the 



4 22 May 2006 remarked pixel are caused to be pixels to be converted.
According to a second aspect of the present invention, there is  provided a
print method applied to a printer which can make representation of  three
gradations or more by one pixel, the print method comprising: a multi-value
conversion step of converting data of two gradations of  a remarked pixel
into data of multi-gradation including the three gradations or  more on the
basis of data of pixels around the remarked pixel; and a recording step of
performing print operation based on the data of  multi-gradation from the
multi-value conversion step. In the print method, values that the remarked
pixel may take, which  may be based on data of surrounding pixels, may be
set in advance in a table  where values in which two gradation data (0,1)
of plural n (n is integer of 3 or  more) around the remarked pixel may be
assigned to respective digits of  binary number of n figures and two
gradation data (0, 1) of the remarked pixel  may be taken as parameter to
make reference to the table at the multi-value  conversion step to thereby
convert two gradation data into multi-gradation  data. For example, n is 8,
and 8 pixels positioned in the upper and lower  directions, in the left and
right directions and in oblique direction of the  remarked pixel may be
assumed to be pixels to be converted. 



According to a third aspect of the present invention, there is provided 5
22 May 2006 a printer adapted for receiving data based on image transferred
through  transfer means to perform print operation in conformity with the
data, the printer comprising: multi-value conversion means for converting
data of two gradations of  a remarked pixel which has been transferred
through the transfer means into  data of multi-gradation including three
gradations or more on the basis of data  of pixels around the remarked
pixel; and recording head means for performing print operation based on
data of  multi-gradation from the multi-value conversion means. According
to a fourth aspect of the present invention, there is provided  a print
method applied to a printer adapted for receiving data based on image
which has been transferred through transfer means to perform print
operation  in conformity with the data, the print method comprising: a
multi-value conversion step of converting data of two gradations of  a
remarked pixel which has been transferred through the transfer means into
data of multi-gradation including three gradations or more on the basis of
data  of pixels around the remarked pixel; and a recording step of
performing print operation based on the data of  



multi-gradation from the multi-value conversion step. 6 22 May 2006
According to a fifth aspect of the present invention, there is provided a
print system adapted for transferring data based on image to a printer
through  transfer means to perform print operation in conformity with the
data at the  printer, wherein the image is caused to be data of two
gradations per one pixel,  and is then transferred to the printer through
the transfer means, and wherein the printer converts data of two gradations
of a remarked  pixel into data of multi-gradation including three
gradations or more on the  basis of data of pixels around the remarked
pixel. In this print system, values that the remarked pixel may take, which
may be based on data of surrounding pixels, may be set in advance in a
table  where values in which two gradation data (0, 1) of plural n (n is
integer of 3 or  more) pixels around the remarked pixel may be assigned to
respective digits  of binary number of n figures and two gradation data (0,
1) of the remarked  pixel may be taken as parameter, whereby multi-value
conversion means may  make reference to the table to thereby convert two
gradation data into  multi-gradation data. In the print system in
transmitting recording image data from, e.g.,  computer device to a printer
which can record multi-valued (trinary or more)  



data, the recording image data may be converted into CMYK data on the
computer device thereafter to convert it into binary (1 bit) data of
respective 7 22 May 2006 colors by using error diffusion method, etc. to
compress this data or add other  information thereto as occasion demand to
send the data thus obtained to the printer. Further, in the multi-value
recordable printer, conversion of binary ->  multi-value may be performed
by dot arrangement around pixels desired to be  recorded to thereby permit
multi-value recording. By using the print method even if original image is
data of RGB  respective colors 8 bits, such data may result in data of CMYK
respective  colors 1 bit. Accordingly, data quantity can be reduced to much
degree. In  addition, in performing print operation by printer, there may
result  multi-valued image in place of binary image. Accordingly, print
quality can be  extremely improved as compared to simple binary image. In
the printer, in conversion of binary -* multi-value, values that  remarked
pixel may take, which may correspond to circumstances of  surrounding
pixels, may be set in table where binary data (0, 1) of the  remarked pixel
and values in which binary data (0, 1) of eight pixels around  (positioned
in the upper and lower directions, in left and right directions and  in
oblique direction) of the remarked pixel may be assigned to respective  



digits of binary number of eight figures may be taken as parameter to make
reference to this table to thereby convert binary data into multi-valued
data,  thus making it possible to simplify processing, and making it
possible to make 7a 22 May 2006 setting of high degree of freedom
corresponding to surrounding pixels. As a result, not only conversion of
binary -, multi-value may be  performed, but also edge processing such that
density is lowered at the  contour portion of the solid portion, etc. can
be simultaneously performed. Still further objects of the example
embodiments and practical merits  obtained by the example embodiments may
become more apparent from the 22 May 2006 8 description of the embodiments
which will be given below with reference to the attached drawings. Brief
Description of the Drawings Fig. 1 is a block diagram showing a print
system to which the present  invention has been applied. Fig. 2 is a block
diagram of a computer device constituting the print system. Fig. 3 is a
functional block diagram of printer constituting the print system. 



Figs. 4A and 4B are views for explaining preparation of multi-valued  data
in conformity with multi-value conversion method which constitutes  basis
of multi value conversion processing that multi value conversion unit of
the printer performs. Figs. 5 to 28 are views showing a portion of first
practical example of  table in which data prepared as the result of
preparation of multi valued data  are stored. Figs. 29 to 37 are views for
explaining practical example of  multi-value conversion processing that the
multi value processing unit of the  printer performs with reference to the
first practical example of the table. Fig. 38 is a view showing a second
practical example of table in which 22 May 2006 9 data prepared as the
result of preparation of multi valued data are stored. Figs. 39 to 44 are
views for explaining practical example of  multi-value conversion
processing that the multi-value conversion unit of the  printer performs
with reference to the second practical example of the table. Fig. 45 is a
view in which processing performed in the print system  are collected. Fig.
46 is a view in which processing performed in the conventional  print
system are collected. Fig. 47 is a cross sectional perspective view of
practical example of  



ink jet printer using line head. Fig. 48 is a cross sectional side view of
practical example of ink jet printer. Fig. 49 is a block diagram of
electric circuit unit of the ink jet printer.  Fig. 50 is an exploded
perspective view of head chip module provided  at the line head. Fig. 51 is
a schematic plan view showing, in an enlarged manner, the  essential part
of head chip module provided at the line head. Fig. 52 is an exploded
perspective view showing, in an enlarged  manner, the essential part of
head chip module provided at the line head. Fig. 53 is a schematic cross
sectional view showing, in an enlarged  manner, the essential part of head
chip module provided at the line head. 22 May 2006 10 Fig. 54 is a
schematic cross sectional view showing line head. Fig. 55 is a perspective
view of another practical example of the line head. Fig. 56 is a cross
sectional view showing one structure example of the  line head. Fig. 57 is
a cross sectional view showing a further structure example  of the line
head. Fig. 58 is an outer appearance perspective view of other practical  



example of ink jet printer. Figs. 59A to 59C are views showing printed
result obtained by the  print system. Figs. 60A and 60B are views showing
printed result relating to  blurring obtained by the print system. Best
Mode for Carrying Out the Invention Explanation will now be given with
reference to the attached drawings  in connection with embodiments of the
present invention. In the embodiments, the present invention is applied to
a print system  using printer which can represent three gradations or more
by one pixel as  practical example of a printer and a print method to which
the present  invention has been applied. 22 May 2006 11 As shown in Fig. 1,
this print system 1 comprises a storage unit 2 in  which image file 2a
consisting of RGB image data, etc. are stored, a computer  device 10 for
implementing color conversion or y-correction to the RGB  image data of the
image file 2a of the storage unit 2, and for implementing  binarization
data processing, etc. to the color-converted image data, and a  printer 20
for converting binary (1 bit) data of respective colors into  multi valued
data to have ability to represent three gradations or more per one  pixel. 



The storage unit 2 is composed of, e.g., hard disc unit or optical disc
unit, and serves to read out image file 2a consisting of data of R
component, G  component and B component (RGB image data) which are recorded
on the  hard disc or the optical disc, etc. to deliver it to the computer
device 10 as  original image. It is a matter of course that there may be
employed an  approach to read out image file from memory means, e.g.,
memory such as  RAM, etc., hard disc or optical disc, etc. included within
the computer device  10 in place of the storage unit 2 to reproduce it.
Namely, it should be noted  that the form of the storage unit 2 in which
the image file is preserved is not  limited by Fig. 1. The computer device
10 is composed of, e.g., personal computer (PC).  When user gives an
instruction to print original image on the computer device  10, the
computer device 10 converts the original image from data of RGB 22 May 2006
12 respective 256 values into data of CMYK (cyan, magenta, yellow, black)
respective 256 values by using three-dimensional look-up table, etc. In
this  instance, y-correction is also implemented in conformity with the
characteristic of the printer. Data of CMYK 256 respective values are
converted into CMYK respective binary data by using well known half-toning
technology (error diffusion method, or pattern Dither method, etc.). The
computer device 10 compresses the binarized data in order to  



further improve transfer efficiency to add information required for
performing  print operation (information such as the number of papers to be
printed,  resolution at the time of printing, start position, end of data,
and/or new page  signal, etc.) to generate print data. The printer 20
receives the print data which has been caused to  undergo data transfer
from the computer device 10 to take out information  necessary for
performing print operation from the print data, and to expand  the
compressed image data to change it back into CMYK respective binary  data.
The printer 20 further converts this binary (binarized) data into, e.g.,
quinary data on the basis of multi value conversion method which will be
described later. These data are sorted in drive order of the printer head
to send  it to the printer head to perform print operation. As interface
between the computer device 10 and the printer 20, there 13 22 May 2006 may
be used, e.g., IEEE Std. 1284 (popularly speaking "Centronics",
Bi-Centronics, Small Computer System Interface (popularly speaking
"SCSI"), RS 232C or RS-422A, IEEE 1394, Ethernet (registered trade mark),
Bluetooth, IEEE 802.11a, IEEE 802.11b, and/or USB (Universal Serial Bus),
etc. The functional block diagram of the computer device 10 is shown in  



Fig. 2. The computer device. 10 comprises a color conversion + y-correction
unit 11 for implementing color conversion processing and y-correction to
RGB image data of image file 2a, a half-toning processing unit 12 for
implementing half-toning processing to CMYK respective 8 bits delivered
from the color conversion + y-correction unit 11, and a header, etc.
addition &  compression unit 13 for adding header, etc. to the CMYK
respective binary  data from the half-toning processing unit 12 to compress
the binary data thus  obtained. The color conversion + y-correction unit 11
converts RGB image data  of respective 8 bit 256 values of image file 2a
into data of cyan (C)  component, data of magenta (M) component and data .
of yellow (Y)  component respectively consisting of 8 bits which are
complementary colors  of three primary colors (red, green, blue) by using,
e.g., three-dimensional  look-up table, etc. to further generate data of
black (K) component of 8 bits  from data of these components. In addition,
the color conversion + 22 May 2006 14 y-correction unit 11 implements
signal processing such as color correction  and/or y-correction, etc. to
data of cyan (C) component, data of magenta (M),  data of yellow (Y)
component. The half-toning processing unit 12 converts the data of cyan (C)
component, the data of magenta (M) component, the data of yellow (Y)  



component and the data of black (K) component into binary data of
respective  1 bits by using the half-toning technology, e.g., error
diffusion method or  pattern Dither method, etc. The header, etc. addition
& compression unit 13 compresses CMYK  respective binary data from the
half-toning processing unit 12 in order to  further improve transfer
efficiency to add information necessary for  performing the print thereto
as header to generate print data DPR. Then, the functional block diagram of
the printer 20 is shown in Fig. 3.  The printer 20 comprises an expansion
unit 22 for expanding compressed  image data included in the print data
DPR, a multi-value conversion unit 23 for  allowing CMYK respective 1 bit
binary data which are outputs from the  expansion unit 22 to be
multi-valued data, a sorting unit 24 for sorting CMYK  respective
multi-valued data from the multi-value conversion unit 23, and  printer
head 21 driven by head drive data DHD which is output from the  sorting
unit 24. The expansion unit 22 receives print data OPR which has been
caused 22 May 2006 15 to undergo data transfer from the computer device 10
to take out information  necessary for performing print operation from the
print data DPR, and to  expand the compressed image data to change it back
into CMYK respective 1  bit binary data. 



The multi-value conversion unit 23 converts CMYK respective I bit  binary
data from the expansion unit 22 into, e.g., quinary or sexenary data on
the basis of multi-value conversion method which will be described later.
In  the multi value conversion method, values that remarked pixel should
take,  which corresponds to circumstances of surrounding pixels, are set in
table  where two gradation data (0, 1) of the remarked pixel and values in
which two  gradation data of pixels around the remarked pixel, e.g., eight
pixels  positioned in the upper and lower directions, in the left and right
directions  and in oblique direction are assigned to respective digits of
binary number of  8 figures are taken as parameter to make reference to
this table to thereby  convert two gradation data into quinary data. This
multi-value conversion  method will be described later in detail. The
sorting unit 24 sorts CMYK respective multi-valued data from the
multi-value conversion unit 23 in drive order of the print head 21 to
generate  head drive data DHDto send it to the print head 21. The print
head 21 receives the head drive data DHD to print, onto a  predetermined
recording paper, image that user has designated at the computer 22 May 2006
16 device 10. Then, the detail of the multi-value conversion method which
constitutes basis of multi value conversion processing that the multi value



conversion unit 23 performs will be explained. In image binarized by the
error  diffusion method, etc., since isolated dots are printed at the
portion where  density is low, and density of dot is increased according as
density becomes  high, it is possible to allow remarked pixel to have multi
value in accordance  with dot density and bit arrangement around the
remarked pixel. Let assume that value of binary remarked pixel is A and
values of  eight pixels therearound (positioned in upper and lower
directions, in left and  right directions and in oblique direction) are B1,
B2, B3, B4, B5, B6, B7, B8  as shown in Fig. 4A. Here, B is binary number
and Bs are arranged as shown  in Fig. 4B. Further, T[A] [B] is caused to be
remarked pixel after multi value  processing, and values suitable for
combination of respective AB with respect  to value B of 8 pixels around
the binary (binarized) remark pixel A is set at  table to thereby determine
multi-valued remarked pixel A' as follows. A'=T [A] [B] As stated above,
since the multi value conversion unit 23 performs  multi-value conversion
processing using table in this way, it is possible to  convert binary
remarked pixel into multi-value without complicated  conditional branch. 22
May 2006 17 Here, binary (two gradations) data of the remarked pixel and
the  surrounding pixels are compared with each other to represent high
density/low  



density. Hereinafter, for brevity of explanation, high density is changed
into  black as expression and low density is changed into white as
expression as  occasion demands. It is to be noted that, in the case of C,
M, Y, there result C  of high density, M of high density and Y of high
density. In Figs. 5 to 28, there are shown first practical examples of
tables  where binarized A, value B of eight pixels therearound, binary
number of B  (corresponding to Fig. 4B), and value of multi valued remarked
pixel T [A]  [B] which has been set are stored. It is to be noted that this
table is merely one  example, and it is therefore desirable to individually
prepare optimum tables  by binarization processing method and/or
specification of the printer (size of  dot, density of dot, resolution,
etc.). In this example, value of the multi-valued  remarked pixel T [A] [B]
is set to quinary data from 0 to 4. This is because the  value of the multi
valued remarked pixel is caused to be in correspondence  with gradation
representation ability, i.e., quinary data here of the printer 20. Figs. 5
to 16 show values of multi-valued remarked pixel T [A] [B]  when values of
surrounding eight pixels B are 0 to 255 (00000000 to  11111111) with
respect to the fact that value of binarized remarked pixel A is  0. When
the value of the binarized remarked pixel A is 0, value of  multi-valued
remarked pixel T [A] [B] is caused to be equal to zero in most 22 May 2006
18 cases. However, in this example, at "90, 91, 94, 95, 122, 123, 126, 127,
218,  



219, 222, 223, 250, 251, 254, 255" where at least upper and lower, and left
and right four values (B2, B4, B5, B7) of the value B of the surrounding
eight  pixels are 1, value of the A is set to 1. Figs. 17 to 28 show value
of multi valued remarked pixel T [A] [B]  when values of the surrounding
eight pixels B are 0 to 255 (00000000 to  11111111) with respect to the
fact that value of binarized remarked pixel A is  1. In this case, there
exits feature as recited below. First, when A = 1 and B =  0, i.e., when
value of remarked pixel A is black (1) size of two gradations and  all of
surrounding pixels are white (00000000) side, the value of remarked  pixel
T [A] [B] is caused to be value (1) in the vicinity of the minimum value
of multi-gradation. In addition, that value may be set to minimum value
(0). When A = 1 and B = 255, i.e., when value of the remarked pixel is
black (1) side of two gradations and all of surrounding pixels are black
(11111111) side, value of the remarked pixel T [A] [B] is set to the
maximum  value (4) of multi-gradation. In addition, that value may be set
to value (3) in  the vicinity of the maximum value. At 90, 91, 94, 95, 122,
123, 126, 127, 218, 219, 222, 223, 250, 251,  254, 255" where A = 1 and at
least upper and lower, and left and right four  values (B2, B4, B5, B7) of
value B of surrounding eight pixels are 1, value of  the remarked pixel T
[A] [B] is set to value (3) in the vicinity of the maximum 22 May 2006 19 



value of multi-gradation. In addition, that value may be set to the maximum
value (4). A practical example of multi value conversion processing that
the  multi-value conversion unit 23 performs when value of the binary
remarked  pixel A is equal to zero and that value is equal to 1 is shown
below. First, the practical example when A is equal to zero will be
explained  by using Figs. 29, 30, 31 and 32. This processing is a
processing such that, e.g., binary data of C (cyan)  is delivered from the
expansion unit 22 to the multi-value conversion unit 23  in Fig. 3 to make
reference to the table at the multi-value conversion unit 23 to  convert
binary data of C (cyan) into quinary data. When A is 0 and B is 10 (binary
number : 00001010) as shown in Fig.  29, the multi value conversion unit 23
takes out T [1][10] from the table  shown in Fig. 5 to allow remarked pixel
A' to be equal to 0. When A is 0 and B is 63 (binary number:00111111) as
shown in Fig.  30, the multi-value conversion unit 23 takes out T [0][63]
from the table  shown in Fig. 7 to allow remarked pixel A' to be equal to
0. When A is 0 and B is 95 (binary number : 01011111) as shown in Fig.  31,
the multi value conversion unit 23 takes out T [0][95] from the table
shown in Fig. 9 to allow remarked pixel A' to be equal tol. When A is 0 and
B is 255 (binary number : 11111111) as shown in Fig. 22 May 2006 



20 32, the multi-value conversion unit 23 takes out T [0][255] from the
table  shown in Fig. 15 to allow remarked pixel A' to be equal to1. This is
because  the case where thin pixel (1) exists at the solid portion is more
natural than the  case where 0 exists thereat in dependency upon image.
Then, practical example when A=1 will be explained by using Figs.  33, 34
and 35. This.processing is also a processing such that, e.g., binary data
of C  (cyan) is delivered from the expansion unit 22 to the multi-value
conversion  unit 23 in Fig. 3 to make reference to the table at the multi
value conversion  unit 23 to convert binary data of C (cyan) into quinary
data. When A is 1 and B is 0 (binary number : 00000000) as shown in Fig.
33, the multi value conversion unit 23 takes out T [A][B] from the table
shown in Fig. 17 to allow remarked pixel A' to be equal to 1. When A is 1
and B is 255 (binary number : 11111111) as shown in Fig.  34, the multi
value conversion unit 23 takes out T[A][B] from the table shown  in Fig. 28
to allow remarked pixel A' to be equal to 4. When A is 1 and B is 90
(binary number : 01011010) as shown in Fig.  35, the multi value conversion
unit 23 takes out T[A][B] from the table shown  in Fig. 21 to allow
remarked pixel A' to be equal to 3. Methods of determining value of T[A][B]
in setting of table are  variously conceivable. In this case, if there is
employed such an approach 



22 May 2006 21 that when there are many values of 1 as values of
surrounding pixels  (positioned in upper and lower directions, in left and
right directions and in  oblique direction), large number is set, and when
there are less values of 1 as  such value, small value is set, the portion
where density is low is permitted to  be thinner and the portion where the
density is high is permitted to be thicker.  Thus, it is possible to
increase gradation as compared to the case of binary  data. Moreover, when
the distance between dots is apart from each other,  even in the case of a
pattern such that values of surrounding eight pixels are  similar to each
other, there are instances where it is preferable to take number  smaller
than that of the distance between dots is narrow. This is the case as
shown in Fig. 36. When A is 1 and B is 165 (10100101), the portion
positioned obliquely with respect to A among values of surrounding eight
pixels is 1. This is similar to the case of T[1][90] shown in Fig. 35 as
pattern.  In the case of T[1][90], values of 1 exist at upper and lower
positions and at  left and right positions, and that value is therefore set
to 3. However, at the  time of T[1][165] shown in Fig. 36, since values of
1 exist at oblique positions.  Accordingly, the distance between dots is
apart from each other. Thus, when  there is employed a method in which that
value is rather set to the same value  as T[1][0] shown in Fig. 33, or
value in the vicinity thereof, gradation change 



becomes natural. 22 May 2006 22 The multi value conversion method performed
at the multi-value  conversion unit 23 is also characterized in that in the
case where value of  remarked pixel is black (1) side of two gradations and
is positioned at the  boundary between black area and white area, value of
remarked pixel is set to  the minimum value (0) of multi-gradation or the
minimum neighboring value  (1 or 2 here). For example, T[1][214] when A = 1
and B = 214, i.e., value of  remarked pixel is black (1) side of two
gradations and surrounding eight  pixels are (11010110) are set to 2 as
shown in Fig. 27. When the remarked pixel is 1 and the surrounding eight
pixels are  (11010110) as shown in Fig. 37, since the surrounding
successive three pixels  are 0 and the remaining pixels are 1, it is judged
that corresponding pixels are  pixels on the boundary to set that value to
2, etc. Thus, it is possible to set  density at the boundary portion of
image to value different from other portion.  As a result, it is possible
to provide the effects/advantages of blurring  prevention at the boundary
between solid portions of different colors and/or  blurring prevention of
edge of character. While table example where value of multi-valued T[A][B]
is set to  quinary data (value) from 0 to 4 is shown in Figs. 5 to 28,
table example in the  case where that value is set to sexenary data (value)
from 0 to 5 can be also  



prepared as shown in Fig. 38 on the basis of the previously described
multi. value conversion method. Here, when, e.g., A = 1 and B = 1, i.e.,
when 22 May 2006 23 value of the remarked pixel A is black (1) side of two
gradations and the  surrounding pixels are (00000001), value of T[A][B] is
set to (2) of  multi-gradation. In addition, when A = 1 and B = 255, value
of T[A][B] is set  to the maximum value (5) of multi-gradation. The
practical example for converting binary data into sexenary data  will be
described below by using Figs. 39 to 44. This processing is a  processing
such that, e.g., binary data of C (cyan) is delivered from the  expansion
unit 22 to the multi value conversion unit 23 in Fig. 3 to convert  binary
data of C (cyan) into sexenary data with reference to the table shown in
Fig. 38 at the multi value conversion unit 23. When A is 1 and B is 0
(binary number : 00000000) as shown in Fig.  39, the multi-value conversion
unit 23 takes out T[A][B] from the table shown  in Fig. 38 to allow
remarked pixel A' to be equal to 1. When A is I and B is 255 (binary number
: 11111111) as shown in Fig.  40, the multi value conversion unit 23 takes
out T[A][B] from the table shown  in Fig. 38 to allow remarked pixel A' to
be equal to 5. When A is 1 and B is 1 (binary number : 00000001) as shown
in Fig.  41, the multi-value conversion unit 23 takes out T[A][B] from the
table shown  



in Fig. 38 to allow remarked pixel A' to be equal to 2. When A is 1 and B
is 90 (binary number : 01011010) as shown in Fig.  42, the multi value
conversion unit 23 takes out T[A][B] from the table shown 22 May 2006 24 in
Fig. 38 to allow remarked pixel A' to be equal to 3. When A is 1 and B is
248 (binary number : 11111000) as shown in Fig.  43, the multi-value
conversion unit 23 takes out T[A][B] from the table shown  in Fig. 38 to
allow remarked pixel A' to be equal to 3. When A is I and B is 244 (binary
number : 11110100) as shown in Fig.  44, the multi-value conversion unit 23
takes out T[A][B] from the table shown  in Fig. 38 to allow remarked pixel
A' to be equal to 3. The reason why the picture quality of binary data is
poor is that dots  of high density are thinly printed particularly at the
highlight portion. In view  of the above, if printer 20 which permits,
e.g., print of quinary or sexenary  data is used to set conversion table as
shown in Figs. 5 to 28 or Fig. 38, e.g.,  in the case of isolated dot,
conversion into 1 is made. As a result, since dots of  low density are
printed, granular feeling is lowered so that picture quality can  be
improved. Moreover, since in the case where dots exist at all surrounding
portions, conversion into 4 or 5 of high density can be made, and in the
case  where dots thinly exist at the surrounding portion, conversion into 2
or 3 can  be made, print in conformity with gradation can be made. Further,
in the case  



where value of remarked pixel is black (1) side of two gradations, and
exists  at the boundary between black area and white area, value of the
remarked  pixel is set to the minimum value (0) or value in the vicinity of
the minimum  value (1, 2 or 3) of multi-gradation, thereby also making it
possible to lower 25 22 May 2006 level of the edge portion. This is
effective particularly for ink jet printer, and  permits elimination of
blurring of the edge portion of character, etc., or  reduction in color
bleed taking place at the boundary portion between solid  portions of
different colors. The processing performed in the print system 1 which has
been  explained above are collectively shown in Fig. 45. This includes
practical  example of print method of the present invention. First,
processing performed at the computer device 10 are shown at  steps Si to
S3. The computer device 10 converts, at step S1, RGB image data  of
respective 8 bit 256 values of image file 2a into data of cyan (C)
component, data of magenta (M) component and data of yellow (Y)  component,
e.g., respectively consisting of 8 bits which complementary colors  of
three primary colors (red, green, blue) by using, e.g., three-dimensional
look-up table, etc. to further generate data of black (K) component of 8
bits  from data of these components. In addition, signal processing such as
color  correction or y-correction, etc. is implemented to data of cyan (C)
component,  



data of magenta (M) component and data of yellow (Y) component. Then, the
computer device 10 converts, at step S2, data of the cyan  (C) component,
data of magenta (M) component, data of yellow (Y)  component, data of black
(K) component into binary data of respective 1 bits  by using the
half-toning technology, e.g., error diffusion method or pattern 22 May 2006
26 Dither method, etc. At step S3, CMYK respective binary data to which
half-toning  processing has been implemented are compressed in order to
further improve  transfer efficiency to add information necessary for
performing the print as  header to generate print data DPR. The step S4 is
processing for data transfer. Meanwhile, in the conventional processing, as
shown in Fig. 46,  conversion into data of CMYK respective quinary data is
performed at  half-toning processing of step S 12 after color conversion +
y-correction  processing of step S1 I to compress the data thus obtained at
step S13 to allow  it to be print data DPR. Accordingly, it took much time
in data transfer  processing of step S 14. On the contrary, in the data
transfer of step S4, since image data is  converted into binary data at the
step S2, data quantity can be reduced to  much degree. Thus, data transfer
time can be shortened. 



At the printer 20 side, when print operation is performed under the  state
of binary data, only printed result of low picture quality can be obtained.
In view of the above, in the print system 1, at the printer 20, binary data
is  converted into multi-valued, e.g., quinary or sexenary data in a manner
previously described. The processing in Fig. 45 is processing of step S6.
First, at step S5, the printer 20 receives print data DPR which has been 22
May 2006 27 caused to undergo data transfer (step S4) to take out
information necessary for  performing print operation from the print data
DPR, and to expand compressed  image data to change it back into CMYK
respective 1 bit binary data. Then, at the step S6, the expanded CMYK
respective 1 bit binary data  are converted into, e.g., quinary or sexenary
data on the basis of the  previously described multi-value conversion
method. The CMYK respective multi-valued data which are multi valued are
sorted at step S7 in drive order of the printer head 21 to generate head
drive  data DHD. In the conventional processing example shown in Fig. 46,
since data  transfer at step S14 is performed by quinary data, CMYK
respective quinary  data are obtained after expansion is performed at step
S 15. As a result,  multi-value conversion processing like the step S6 of
Fig. 45 becomes  unnecessary. Thus, it is possible to shift to sort
processing of step S16. The  



time required for step S6 which is data processing at the printer side is
extremely smaller than data transfer time. The printer system 1 of this
embodiment can shorten total printing time to more degree. Further, in the
print system 1, since binary data is converted into  multi valued data, it
is possible to obtain printed matter of high picture quality  as compared
to simple binary data. That picture quality is not particularly so
inferior as compared to printed matter of the print system of the
conventional 22 May 2006 28 example which performs processing shown in Fig.
46. The effects or advantages of the print system I of this embodiment
which has been explained are summarized below. First, in accordance with
the print system 1, since data sent from the  computer device 10 to the
printer 20 is binary data, there are many merits that  data quantity is
reduced so that data transfer time becomes short, and traffic  on the
network can be lessened, etc. In addition, since printed result is
obtained as multi-valued data, printed result of which picture quality is
higher  than that of binary image can be obtained. At the printer 20, since
gradation can be changed in dependency upon  how dots around the remarked
pixel are printed, it is possible to freely make  setting such that in the
case where the number of dots is low at the periphery,  the density is
lowered, or density is caused to be high at portions where  



peripheral dots are many, and/or the density of the edge portion of image
is  caused to be high or low. At the printer 20, conversion processing from
binary data to  multi valued data is caused to be table in advance to
thereby eliminate the  necessity of performing classification of various
cases. Thus, processing can  be performed at a high speed, and processing
can be performed without  conducting conditional branch in performing
parallel processing by DSP, etc. At the computer device 10, since matrix
Dither or error diffusion is 22 May 2006 29 used in binarizing original
data, dots are thinly printed at highlight portion. In  such case, since
density of isolated dots can be set to low value at the printer  20 side,
it is possible to obtain printed matter having less granular feeling. At
the computer device 10, when matrix Dither or error diffusion is  used in
binarizing original data, dots are thickly printed at high density portion.
In such a case, since density of successive dots is permitted to be high at
the  printer 20 side, density of the portion for which high density is
required is  caused to be high, At the printer 20, it is possible to change
level of edge portion of  image. Particularly, in the case of ink jet
printer, since ink quantity of the edge  portion can be reduced by changing
the level, it becomes possible to reduce  blurring between colors and
blurring onto paper. 



At the printer 20, since level can be changed in accordance with the
number of dots printed onto pixels around the remarked pixel, conversion
into  low level can be made at low gradation where dots are thinly printed,
and  conversion into high level can be made at high gradation where dots
are  printed large number of times at the peripheral portions. A practical
example of the printer 20 will be explained below. First, there is
mentioned ink jet printer using line head in which a  large number of
nozzles are arranged in a direction perpendicular to paper  feed direction
when recording paper of A4 size is printed in the longitudinal 22 May 2006
30 direction as print head. As shown in Figs. 47 and 48, this ink jet
printer 100 comprises a line  head 120 including heat element which will be
described later as a drive  element which discharges droplets of ink, and
having recording range of  substantially width size of paper P and having
modulation function of the  so-called PNM (Pulse Number Modulation) system
which performs  modulation of diameter and density of dot by the number of
droplets of ink. It  is to be noted that the number of droplets printed
with respect to 1 dot is set to  eight (8) at the maximum per one color for
explanation in this case. The ink jet printer 100 is caused to be of the
configuration in which  line head 120, a paper feed unit 130, a paper
delivery unit 140, a paper tray  



150 and an electric circuit unit 160, etc. are disposed within a casing
100. The casing 100 is formed so as to take parallelepiped shape, wherein a
paper eject hole 111 for paper P is provided at one end terminal side
surface  and a tray exit/entrance 112 for the paper tray 150 is provided at
the other end  side. The line head 120 comprises head portions
corresponding to four colors  of CMYK (cyan, magenta, yellow, black),
wherein an ink discharge portion  which discharges ink droplets is disposed
at the end side upper portion of the  paper eject hole 111 side in such a
manner directed downwardly. Namely, as described later, this line head 120
is caused to be of the  configuration in which four (in this case) ink
discharge means in long form 22 May 2006 31 which are formed every
respective colors as described later are arranged in  feed direction of
paper. The paper feed unit 130 comprises a paper feed guide 131, paper feed
rollers 132, 133, a paper feed motor 134, pulleys 135, 136, and belts 137,
138,  and is disposed at the end portion lower direction of the paper eject
hole 111  side. The paper feed guide 131 is formed so as to take flat plate
shape, and is  disposed at the lower direction of the line head 120 with a
predetermined  spacing. The respective paper feed rollers 132, 133 are
comprised of a pair of  rollers which are in contact with each other, and
are disposed at both sides of  the paper feed guide 131, i.e., the tray
exit/entrance 112 side and the paper  



eject hole 111 side. The paper feed motor 134 is disposed at the lower
portion  of the paper feed guide 131, and is connected to the respective
paper feed  rollers 132, 133 through pulleys 135, 136 and belts 137, 138.
The paper delivery unit 140 comprises a paper delivery roller 141, a  paper
delivery motor 142 and gears 143, and is disposed at the tray
exit/entrance 112 side with respect to the paper feed unit 130. The paper
delivery roller 141 is formed so as to take substantially semi-cylindrical
shape,  and is disposed in the state close to the paper feed roller 132 of
the tray  exit/entrance 112 side. The paper delivery motor 142 is disposed
above the  paper delivery roller 141, and is connected to the paper
delivery roller 141  through the gears 143. 22 May 2006  32 The paper tray
150 is formed so as to take box shape such that papers  P of, e.g., A4 size
can be accommodated in the state where plural papers are  stacked, wherein
a paper support 152 held by a spring 151 is provided at one  end surface of
the bottom surface, and is disposed in a manner extending from  the lower
portion of the paper delivery unit 140 toward the tray exit/entrance  112.
The electric circuit unit 160 is a portion for controlling drives of
respective components, and is disposed above the paper tray 150. In such
configuration, its operation example will be explained.. User draws the
paper tray 150 from the tray exit/entrance 112 to  



accommodate a predetermined number of papers P within the paper tray 150
to push (thrust) it thereinto. Thus, the paper support 152 raises one end
portion  of paper P by action of the spring 151 to push (thrust) it toward
the paper  delivery roller 141. When print start signal is given, the paper
delivery roller  141 is rotated by drive of the paper delivery motor 142 to
send out one paper  P from the paper tray 150 to the paper feed roller 132.
Subsequently,  respective paper feed rollers 132, 133 are rotated by drive
of the paper feed  motor 134. As a result, the paper feed roller 132 sends
out the paper P which  has been sent out to the paper feed guide 131. Thus,
the line head 120  becomes operative at a predetermined timing in
accordance with data to be  printed to discharge droplets of ink from the
ink discharge portion to get down  them onto the paper P to record
characters or images consisting of dots, etc. 22 May 2006 33 Further, the
paper feed roller 133 ejects, from the paper eject hole 111, the  paper
which has been sent out. Then, the internal configuration of the electric
circuit unit 160 and the  block configuration of the peripheral portion
thereof will be explained by  using Fig. 49. The electric circuit unit 160
comprises a printer side data processing  section 161, a head controller
162, a head position and paper feed controller  163, and a system
controller 164. 



The printer side data processing section 161 executes the steps S5 to  S7
of Fig. 4 in order to realize the expansion unit 22, the multi-value
conversion unit 22 and the sorting unit 24 which are respective functional
blocks shown in the previously described Fig. 3. Namely, the printer side
data  processing section 161 receives print data DPR which has been caused
to  undergo data transfer to take out, from this print data DPR,
information  necessary for performing print operation, and to expand
compressed image  data to change it into CMYK respective 1 bit binary data.
Then, the expanded  CMYK respective 1 bit binary data are converted into,
e.g., quinary or  sexenary data on the basis of the previously described
multi-value conversion  method. The CMYK respective multi-valued data which
have been  multi valued at step S7 are sorted in drive order of the line
head 120 to  generate head drive data DHD. 22 May 2006 34 The head
controller 162 controls ink droplet discharge operation of the  line head
120. The head position and paper feed controller 163 controls  position of
the line head 120 and paper feed of the recording paper P. The system
controller 164 controls the printer side data processing  section 161, the
head controller 162, and the head position and paper feed  controller 163.
Then, the detail of the line head 120 will be explained by using Figs.  



50 to 54. The line head 120 comprises a head chip module 201a and a relay
board 201b of which structures are shown in Fig. 54. First, the head chip
module 201a will be explained below. In this case, Fig. 50 is an exploded
perspective view of the head chip module 201a. The head chip module 201a
comprises, as shown in Figs. 50 and 51, a  nozzle formation member 202
formed so as to take substantially flat plate  shape, which constitutes ink
discharge surface. At the nozzle formation member 202, there are formed a
large number  of ink discharge nozzles 203. In this example, several
hundreds of ink  discharge nozzles 203 are respectively formed in line at
positions where head  chips which will be described later are disposed. The
nozzle formation  member 202 is formed so as to take sheet shape having
thickness of about  15m to 20m by using various electro-casting
technologies with, e.g., nickel 22 May 2006 35 or material including nickel
being as material. Further, diameter of each ink  discharge nozzle 203 is
caused to be, e.g., about 20 pm. In addition, the  nozzle formation member
202 in which ink discharge nozzles 203 are formed  is attached to a head
frame 204. The head frame 204 is adapted so that, e.g., three beam members
204b  are equidistantly bridged across short sides of an outer frame 204a
caused to  



have rectangular shape, and the outer frame 204a and the beam members 204b
are integrally formed. Namely, at the head frame 204, four rectangular
spaces  205 in which the outer frame 204a is separated by the beam members
204b are  constituted in parallel. Here, in the case where the head chip
module 201a is  used for line head 120 which simultaneously prints one line
with respect to  paper, the length of the space 205 is caused to be nearly
equal to the length of  one line printed at the same time. For example, in
the case where the head  chip module 201a is used for line head 120 which
performs printing onto  paper of A4 size in longitudinal direction, the
length of the space 205 is  caused to be the length corresponding to
lateral width of paper of A4 size, i.e.,  about 21 cm. This head frame 204
may be formed by, e.g., silicon nitride, or may be  formed by alumina,
mullite, alimunum nitride, ceramic metal such as silicon  carbide, etc. In
addition, the head frame 204 may be formed by glass material  such as
quartz (SiO2), etc., or metallic material such as invarsteel, etc. 22 May
2006 36 The head frame 204 has thickness of, e.g., about 5 mm, and has
rigidity sufficient to support the nozzle formation member 202. The head
frame 204 and the nozzle formation member 202 are stuck to each other by,
e.g., heat hardening type sheet-shaped adhesive agent. At the nozzle
formation member 202, there are disposed a large  



number of head chips 206. As shown in Fig. 52, the head chip 206 is adapted
so that plural heat resistors 208 are formed, by various thin film
formation  technologies, on the principal surface of a base (substrate) 207
formed by, e.g.,  silicon, etc. This heat resistor 208 is caused to be of
square shape in which one  side is, e.g., about 18 gm. On the base 207, a
barrier layer 210 constituting the wall portion of an  ink pressure
application chamber 209 is laminated on the surface where the  heat
resistors 208 have been formed. The barrier layer 210 is formed by, e.g.,
dry film resist having light hardening property, and is formed as the
result of  the fact that after the resist is laminated on the entire
surface of the base 207,  unnecessary portions are removed by the
photilithographic process. This  barrier layer 210 is caused to have
thickness of about 12 pm, and width of  each ink pressure application
chamber 204 is caused to be about 25 gm. Here, when the case where the head
chip module 201a according to  this example is used in the state mounted on
line head having resolution 600  dpi which prints paper of A4 size in
longitudinal direction is assumed, the 22 May 2006 37 number of ink
discharge nozzles 203 formed at the nozzle formation member  202 every area
of respective spaces 205 of the head frame 204 approximately  becomes equal
to 5000. When the number of head chips 206 disposed at the  nozzle
formation member 202 in this area is assumed to be, e.g., 16, the  



number of ink discharge nozzles 203 corresponding to one chip 206 becomes
equal to about 310. It is to be noted that the numbers and sizes of
respective  components are indicated in exaggerated or omitted manner for
convenience  of explanation in Figs. 50 and 51. At the head chip module
201a, flow path plates 212 are attached to  respective spaces 205 formed at
the head frame 204 with respect to the nozzle  formation member 202 where
the head chip 202 is disposed. As the flow path plate 212, there are four
flow path plates in  correspondence with respective colors of inks. The
flow path plate 212 is  formed by material having sufficient rigidity and
ink resistance characteristic.  The flow formation plate 212 is adapted so
that a chamber portion 213 fitted  into the space 205 of the head frame 204
and a flange portion 214 formed in a  manner projected toward one end
portion of the chamber portion 213 are  integrally formed. The A -A' cross
section in Fig. 51 is shown in Fig. 53. The head chip  module 201a will be
further explained by using Figs. 51 and 53. The flange  portion 214 is
formed in a manner to take plane shape larger than plane shape 22 May 2006
38 of space 205 of the head frame 204. The chamber portion 213 includes a
space  215 shown in Fig. 51 opened to the end surface of the side opposite
to the side  where the flange portion 214 is formed. At the wall portion
which limits both  



sides of the space. 215, there is formed a cut recessed portion 216 shown
in  Figs. 51 and 53 for the purpose of positioning the head chip 206 in a
manner  communicating with the space 215. In addition, at the flange
portion 214, an  ink supply tube 217 is projected from the surface of the
side opposite to the  surface where the chamber portion 213 is extended.
This ink supply tube 217  communicates with the space 215. The flow path
plate 212 is connected to the head frame 204 in the state  where the
chamber portion 213 is fitted into the space 205 of the head frame  204,
and the flange portion 214 is in contact with the beam portion 204b of  the
head frame 204. The head chip 206 disposed at the nozzle formation  member
202 is positioned within the cut recessed portion 216 formed at the
chamber portion 213 of the flow path plate 212, and is bonded to the
chamber  portion 213. Thus, closed space surrounded by the chamber portion
213 of the flow  path plate 212 and the nozzle formation member 202 is
formed. This closed  space communicates with the external through only the
ink supply tube 217  and the ink discharge nozzle 203. Within the closed
space, ink flow paths 218  are formed at the portions between rows of head
chip 206 in such a manner 22 May 2006 39 that they are alternately arranged
(so called in zigzag form) while adjacent  ones overlap with each other.
The respective ink pressure chambers 209  



shown in Figs. 51 to 53 are placed in communicating state by the ink flow
paths 218. Ink supply tubes 217 provided at the flow path plates 212 are
respectively connected to ink tanks (not shown) where inks of color
different  from each other are contained. Thus, inks are filled within the
respective ink  flow paths 218 and the ink pressure application chamber
209. In the head chip module 201a constituted as described above, in
performing printing with respect to paper, current pulses are delivered for
a  short time period, e.g., about 1 to 3 micro seconds with respect to the
selected  heat resistor 208 by command from the head controller 162 (see
Fig. 49). As a  result, this heat resistor 208 is rapidly heated. Thus, ink
bubbles take place at  the portion in contact with the heat resistor 208.
By expansion/contraction of  the ink bubbles, ink droplets are discharged
from the ink discharge nozzle 203,  and are attached onto paper. In
addition, ink is supplemented, through the ink  flow path 218, within the
ink pressure application chamber 209 from which  ink droplets have been
discharged. In a manner as described above, printing  with respect to paper
is performed. It is to be noted that while heat element is used as drive
element for  discharging ink from the nozzle in the line head 120,
piezo-electric element 22 May 2006 40 represented by piezo element may be
used to discharge ink from the nozzle. A  



practical example of line head 120' using piezo-electric element will be
described below by using Figs. 55 to 57. Fig. 55 shows a perspective cross
sectional structure of the line head  120', Fig. 56 shows a cross sectional
structure when the line head 120' in Fig.  55 is viewed from direction
indicated by arrow Z in Fig. 55, and Fig. 57  shows a cross sectional
structure when the line head 120' in Fig. 55 is viewed  from the direction
indicated by arrow W in Fig. 55. As shown in these figures,  the line head
120' is caused to be of the configuration comprising a thin  nozzle plate
121, a flow path plate 122 laminated on the nozzle plate 121, and  a
vibration plate 123 laminated on the flow path plate 122. These respective
plates are stuck to each other by, e.g., adhesive agent (not shown). At the
upper surface side of the flow path plate 122, there are  selectively
formed recessed portions. By these recessed portions and the  vibration
plate 123, plural ink chambers 124 and a common flow path 125
communicating with these ink chambers are constituted. The communicating
portion where the common flow path 125 and the respective ink chambers 124
communicate with each other is narrow. There is employed structure such
that  the flow path width becomes broader in accordance with shift toward
the  direction of respective ink chambers 124 from the communicating
portion. On  vibration plates 123 immediately above the respective ink
chambers 124, 22 May 2006 41 



piezo-electric elements 126 comprised of piezo element, etc. are
respectively  fixed. On respective piezo-electric elements 126, electrodes
(not shown) are  respectively laminated and arranged. By applying a drive
signal from the head  controller 162 to these electrodes, it is possible to
bend respective  piezo-electric elements, vibration plates in its turn, in
the direction indicated  by arrow E in Fig. 57 to increase (expand) or
decrease (contract) capacity of  the ink chamber 124. The portion of the
side opposite to the side communicating with the  common flow path 125 at
respective ink chambers 124 has the structure in  which the flow path width
gradually becomes narrow as shown in Fig. 55. At  the flow path plate 122
of the terminating portion thereof, there is provided a  flow path hole
127. As shown in Fig. 56, this flow path hole 127  communicates with a very
small nozzle 128 formed at the nozzle plate 121 of  the lowermost layer so
that ink droplets are discharged from the nozzle 128.  At the line head
120, as shown in Fig. 55, there are formed plural nozzles 128  in line
equidistantly along the direction X perpendicular to the paper feed
direction Y of recording paper P. The common flow path 125 communicates
with an ink cartridge 120a  (see Fig. 49). Further, ink is delivered from
the ink cartridge 120a to  respective ink chambers 124 via the common flow
path 125. While this suply  of ink can be performed by making use of the
capillary phenomenon, a 22 May 2006 



42 predetermined pressure application mechanism may be provided at the ink
cartridge 120a to apply pressure to perform such supply in place of the
above. Then, another practical example of the printer 20 will be explained.
Here, ink jet printer using print head reciprocating in the main  scanning
direction is mentioned as the print head. This jet printer 170 comprises,
as shown in Fig. 58, print heads 171K, 171c, 171M, 171y which respectively
discharge inks of black (K), cyan (C),  magenta (M), yellow (Y), a
cartridge unit 173 to which the print heads 171K,  171c, 171M, l7ly are
attached and serving to move these print heads 171K,  171c, 171M, 171y in
the main scanning direction, a flexible printed board 174  which supplies a
drive signal for driving the print heads 171K, 171c, 171M,  171y, a guide
rail 175 for guiding the cartridge unit 173, and a group of ink  tanks 177
for supplying ink to respective print heads through the ink supply  pipe
176. The group of ink tanks 177 supply inks of black (K), cyan (C),
magenta (M), yellow (Y) to respective print heads through the ink supply
pipe  176. The print heads 171K, 171c, 171M, lily are print heads of the
ink jet  type using, e.g., piezo element or heat element. In order to
perform high speed  print, plural nozzles which discharge ink are provided
similarly to the line  head 120 shown in Figs 55 to 57. These print heads
171K, 171c, 171M, l7ly  respectively selectively discharge, onto recording
paper P, inks of black (K), 



22 May 2006 43 cyan (C), magenta (M), yellow (Y) on the basis of drive
signal delivered  through the flexible printed board 174 to perform print
operation. Three kinds of ink jet printers have been mentioned above as
practical  example and other practical example of the printer 20. In the
ink jet printer,  blurring, etc. may take place at edge portion of
charcter, etc. in dependency  upon the characteristic of paper. However, in
accordance with the printer 20,  since level of the edge portion can be
lowered, it is possible to eliminate  blurring. Namely, the present
invention is effective when applied to the ink jet  printer. It is to be
noted that while the example where binary data is converted  into quinary
or sexenary data at the multi value conversion unit 23 of the  printer has
been mentioned, it is possible to convert binary data into  multi valued
data such as trinary, quartary (4-ary), and septary (7ary) or more  data in
conformity with ability of the printer 20. Moreover, value of multi-value
conversion may be selected in  conformity with the characteristic of
recording paper. Further, there may be  employed print system capable of
performing both processing from binary  data to multi-valued data shown in
Fig. 45 and the conventional processing  shown in Fig. 46 and adapted to
selectively perform either one of them by  instruction of user. 



While eight pixels positioned in upper and lower directions, in left and 22
May 2006 44 right directions and in oblique direction are caused to be
object pixels in the  above-described embodiments with respect to the
number n of pixels around  the remarked pixel, n may be integer of 3 or
more, e.g., 4, 5 , 12 16 24  --32. Finally, printed results obtained by the
print system 1 to which the  present invention is applied are shown in
Figs. 59A to 59C, Figs 60A and 60B  while making comparison to the
conventional example. Fig. 59A is printed matter by data transfer in the
state of multi-valued  data which is obtained by the conventional
processing example shown in Fig.  46. Fig. 59B is printed matter directly
obtained by binary data after data  transfer is performed at binary data.
As a result, only printed matter having  strong granular feeling and low
picture quality can be obtained. Fig. 59C is  printed matter obtained by
the print system 1. Printed result having small  granular feeling when
compared to Fig. 59B and which is not so inferior even  if comparison with
Fig. 59A is made. Figs. 60A and 60B are results in which character of 6
points is printed  onto ordinary paper by the ink jet printer. Even if
corresponding data is  multi valued data or binary data, blurring is
conspicuous as shown in Fig. 60A  in the conventional method. However, in
accordance with the print system 1,  



blurring can be reduced as shown in Fig. 60B. It is to be noted that while
the invention has been described in 22 May 2006 45 accordance with
preferred embodiments thereof illustrated in the  accompanying drawings and
described in the above description in detail, it  should be understood by
those ordinarily skilled in the art that the invention is  not limited to
embodiments, but various modifications, alternative  constructions or
equivalents can be implemented without departing from the  scope and spirit
of the present invention as set forth and defined by appended  claims.
Industrial Applicability In the printer and the print method according to
the present invention,  conversion into data of multi-gradation including
three gradations or more is  performed on the basis of data of pixels
around the remarked pixel at the time  of print operation with respect to
data of two gradations per one pixel.  Accordingly, it is possible to
obtain printed matter of high picture quality from  print data which has
been transferred in the state changed into 1 bit for the  purpose of
shortening data transfer time. The print system according to the present
invention converts  multi valued data into binary data to transfer it to
printer to convert binary  data into multi valued data by using table at
the printer. Accordingly, it is  



possible to perform data transfer in the state where data quantities of
respective pixels are caused to have I bit to obtain printed matter of high
22 May 2006 46 picture quality from data of 1 bit of respective pixels
which have been caused to undergo data transfer. 22 May 2006 CLAIMS  1 A
printer which can make representation of three gradations or more  by one
pixel, the printer comprising: multi value conversion means for converting
data of two gradations of  a remarked pixel into data of multi-gradation
including the three gradations or  more on the basis of data of pixels
around the remarked pixel; and recording head means for performing print
operation based on the data  of multi-gradation from the multi-value
conversion means. 2 The printer as set forth in claim 1, wherein values
that remarked pixel should take, which is based on  data of surrounding
pixels, are set in advance in a table where values in which  two gradation
data (0, 1) of plural n (n is integer of 3 or more) around the  remarked
pixel are assigned to respective digits of binary number of n figures  and
two gradation data (0, 1) of the remarked pixel are taken as parameter,  



whereby the multi-value conversion means makes reference to this table to
thereby convert two gradation data into multi-gradation data. The printer
as set forth in claim 1 or 2, wherein the two gradation data of the
remarked pixel and the 22 May 2006 surrounding pixels are compared with
each other to represent high density/low  density, whereby when value of
the remarked pixel has high density and  values of all of the surrounding
pixels have low density, the multi-value  conversion means allows value of
the remarked pixel to be the minimum  value or value in the vicinity of the
minimum value of multi-gradation. 4 The printer as set forth in claim 1 or
2, wherein the two gradation data of the remarked pixel and the
surrounding pixels are compared with each other to represent high
density/low  density, whereby when value of the remarked pixel has high
density and  values of all of the surrounding pixels have high density, the
multi-value  conversion means allows the value of the remarked pixel to be
the maximum  value or value in the vicinity of the maximum value of
multi-gradation. 5 The printer as set forth in claim 1 or 2, wherein the
two gradation data of the remarked pixel and the  surrounding pixels are
compared with each other to represent high density/low  density, whereby
when the value of the remarked pixel and values of upper  and lower, and
left and right surrounding pixels also have high density, the  



multi-value conversion means allows the value of the remarked pixel to be
the  maximum value or value in the vicinity of the maximum value of 22 May
2006 multi-gradation. 6 The printer as set forth in claim 1 or 2, wherein
the two gradation data of the remarked pixel and the  surrounding pixels
are compared with each other to represent high density/low  density,
whereby when value of the remarked pixel is high density side, and  the
surrounding pixels thereof are either one of upper and lower, left and
right  and oblique pixels including the remarked pixel and their values are
value at  the boundary between high density area and low density area, the
multi value  conversion means allows the value of the remarked pixel to be
minimum  value or value in the vicinity of the minimum value of
multi-gradation. 7 The printer as set forth in claim 1 or 2, wherein the
two gradation data of the remarked pixel and the  surrounding pixels are
compared with each other to represent high density/low  density, whereby
when value of the remarked pixel has high density, the  multi-value
conversion means sets value of the remarked pixel in accordance  with the
number of pixels of high density among eight upper and lower, left  and
right and oblique eight pixels of the surrounding pixels. The printer as
set forth in claim 1 or 2. 22 May 2006 



wherein the two gradation data of the remarked pixel and the  surrounding
pixels are compared with each other to represent high density/low  density,
whereby value of the remarked pixel has high density and values of  upper
and lower, and left and right four pixels of the surrounding pixels have
low density, the multi-value conversion means allows the value of the
remarked pixel to be the minimum value or value in the vicinity of the
minimum value. 9 A print method applied to a printer which can make
representation of  three gradations or more by one pixel, the print method
comprising: a multi-value conversion step of converting data of two
gradations of  a remarked pixel into data of multi-gradation including the
three gradations or  more on the basis of data of pixels around the
remarked pixel; and a recording step of performing print operation based on
the data of  multi-gradation from the multi value conversion step. 10 The
print method as set forth in claim 9, wherein values that the remarked
pixel should take, which is based on  data of the surrounding pixels, are
set in advance in a table where values in  which two gradation data (0, 1)
of plural n (n is integer of three or more) 22 May 2006 51 around the
remarked pixel are assigned to respective digits of binary number  



of n figures and two gradation data (0, 1) of the remarked pixel are taken
as  parameter, whereby reference is made to this table at the multi value
conversion step to thereby convert two gradation data into multi-gradation
data. 11 The print method as set forth in claim 9 or 10, wherein the two
gradation data of the remarked pixel and the  surrounding pixels are
compared with each other to represent high density/low  density, whereby
when value of the remarked pixel has high density and  values of all of
surrounding pixels have low density, value of the remarked  pixel is
converted into the minimum value or value in the vicinity of the  minimum
value at the multi value conversion step. 12 The print method as set forth
in claim 9 or 10, wherein the two gradation data of the remarked pixel and
the  surrounding pixels are compared with each other to represent high
density/low  .density, whereby when value of the remarked pixel has high
density and  values of all of surrounding pixels also have high density,
value of the  remarked pixel is converted into the maximum value or value
in the vicinity  of the maximum value of multi-gradation at the multi value
conversion step. 22 May 2006 13 The print method as set forth in claim 9 or
10, wherein the two gradation data of the remarked pixel and the
surrounding pixels are compared with each other to represent high
density/low  



density, whereby when value of the remarked pixel has high density and
values of upper and lower, and left and right surrounding pixels also have
high  density, value of the remarked pixel is converted into the maximum
value or  value in the vicinity of the maximum value of multi-gradation at
the  multi value conversion step. 14 The print method as set forth in claim
9 or 10, wherein the two gradation data of the remarked pixel and the
surrounding pixels are compared with each other to represent high
density/low  density, whereby the value of the remarked pixel is the high
density side and  the surrounding pixels are either one of upper and lower,
left and right and  oblique pixels including the remarked pixel and their
values are value at the  boundary between high density area and low density
area, value of the  remarked pixel is converted into the minimum value or
value in the vicinity of  the minimum value of multi-gradation at the multi
value conversion step. 15 The print method as set forth in claim 9 or 10,
22 May 2006 wherein the two gradation data of the remarked pixel and the
surrounding pixels are compared with each other to represent high
density/low  density, whereby when the value of the remarked pixel has high
density, value  of the remarked pixel is set in accordance with the number
of pixels having  high density of upper and lower, left and right and
oblique eight pixels of the  surrounding pixels at the multi-gradation
conversion step. 



16 The print method as set forth in claim 9 or 10, wherein the two
gradation data of the remarked pixel and the  surrounding pixels are
compared with each other to represent high density/low  density, whereby
when value of the remarked pixel has high density, and  values of upper and
lower and left and right four pixels of the surrounding  pixels have low
density, value of the remarked pixel is set to the minimum  value or value
in the vicinity of the minimum value at the multi value  conversion step.
17 A printer adapted for receiving data based on image transferred  through
transfer means to perform print operation in conformity with the data,  the
printer comprising: multi-value conversion means for converting data of two
gradations of a remarked pixel which has been transferred through the
transfer 22 May 2006 54 means into data of multi-gradation including three
gradations or more on the  basis of data of pixels around the remarked
pixel; and recording head means for performing print operation based on
data of  multi-gradation from the multi-value conversion means. 18 The
printer as set forth in claim 17, wherein values that the remarked pixel
should take, which are based  on 



surrounding pixels, are set in advance in a table where values in which two
gradation data (0, 1) of plural n (n is integer of 3 or more) around the
remarked pixel are assigned to respective digits of binary number of n
figures  and two gradation data (0, 1) of the remarked pixel are taken as
parameter,  whereby the multi value conversion means makes reference to
this table to  thereby convert two gradation data into multi-gradation
data. 19 A print method applied to a printer adapted for receiving data
based  on image which has been transferred through transfer means to
perform print  operation in conformity with the data, the print method
comprising: a multi-value conversion step of converting data of two
gradations of  a remarked pixel which has been transferred through the
transfer means into 22 May 2006 55 data of multi-gradation including three
gradations or more on the basis of data  of pixels around the remarked
pixel; and a recording step of performing print operation based on the data
of  multi-gradation from the multi value conversion step. 20 The print
method as set forth in claim 19, wherein values that the remarked value
should take, which are based  on data of surrounding pixels, are set in
advance in a table where values in which  



two gradation data (0, 1) of plural n (n is integer of 3 or more) around
the  remarked pixel are assigned to respective digits of binary number of n
figures  and two gradation data (0, 1) of the remarked pixel are taken as
parameter to  make reference to this table at the multi value conversion
step to thereby  convert two gradation data into multi-gradation data. 21 A
print system adapted for transferring data based on image to a  printer
through transfer means to perform print operation in conformity with  the
data at the printer, wherein the image is caused to be data of two
gradations per one  pixel, and is then transferred to the printer through
the transfer means, and  wherein the printer converts data of two
gradations of a remarked 22 May 2006 r 56 pixel into data of
multi-gradation including three gradations or more on the basis of data of
pixels around the remarked pixel. 22 The print system as set forth in claim
21, wherein the printer sets, in advance, values that the remarked pixel
should take, which are based on data of surrounding pixels, in a table
where  values in which two gradation data (0, 1) of plural n (n is integer
of 3 or more)  pixels around the remarked pixels are assigned to respective
digits of binary  number of n figures and two gradation data (0, 1) of the
remarked pixel are  



taken as parameter, whereby the multi value conversion means makes
reference to this table to thereby convert two gradation data into
multi-gradation data. 22 May 2006 57 ABSTRACT  A printer is permitted to
obtain printed matter of high picture quality from print data transferred
in the state changed into I bit for the purpose of  shortening data
transfer time. A multi value conversion unit (23) converts  CMYK respective
1 bit binary data from an expansion unit (22) into  multi-valued data. The
multi-value conversion unit sets values that a remarked  pixel should take,
which corresponds to circumstances of surrounding pixels,  in a table where
two gradation data (0, 1) of the remarked pixel and two  gradation data of
pixels around the remarked pixel,, e.g., upper and lower, left  and right
and oblique eight pixels are assigned to respective digits of binary
number of eight figures are taken as parameter to make reference to this
table  to thereby convert two gradation data into multi-valued data. 




