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DESCRIPTICN

IMAGE FORMING APPARATUS, IMAGE FORMING PROGRAM, IMAGE FORMING
METHOD, DATA GENERATING APPARATUS, DATA GENERATING PROGRAM,
DATA GENERATING METHOD, AND RECORDING MEDIUM WITH THE PROGRAM

RECORDED THEREIN

TECHNICAL FIELD

The present invention relates .to an image forming

apparatus such as. a facsimile apparatus, a copying machine,

and a printer of OA equipment, an image forming program, an
image forming method, a data generating apparatus, a data
generating program, a déta generating method, and a recording
medium with the program ;:ecofded therein. More particularly,
the present invention relates to an image forming apparatus
x}hich can be suitably applied to a so-called inkjet printer,
which forms predetermined letters or images by landing
particles of liquid ink with a plurality of colors on a print
sheet, an image forming program, an image forming method, a
data generating apparatus, a data generéting program, a data
generating method, and a recording medium with the program

recorded therein.

TECHNICAL BACKGROUND

Now, a printing apparatus, which is an example of an
image forming apparatus, pai;ticularly, an inkjet type printing'
apparatus (printer) will be exemplified.

Since printers employing an inkjet technique

(hereinafter, referred to as “inkjet printers”) are generally
1
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low in price and can easily provide color printed matters

With high quality, the inkjet printers are w1dely spread to

o

personal users as well as offices, w1th spread of personal

mip -~

computers digital cameras, and the like.

, Such‘ inkjet printers draw predetermlned ‘letters or

.images on a print sheet by jetting particles of liquid ink in

'thg shape of dots from nozzles of a print head while _

reciprocating a mobile hody, which is generally referred to as

a “carriage” integrally provided with_an,ink cartridge and a .

print head,. in a direction (the width direction of the print .

sheet) perpendicular to the. sheet transfer. direction, thereby.

Tmaking a printed matter. . By providing the carriage with four

color' ink cartridges (yellow, magenta, cyan, and Dblack)
including black and four color print.head, it is possible to-
easily carry out full-color printing in‘which the colors are
combined,~ as well as monochromic printing (six colors, seven
colors,“orleight colors obtained by adding light cyan, light'
magenta, or the like to the four colers are practical).

In this way, ' in the technique that performs the printing

while ~reciproéating the carriage in the direction

'perpendicular to the 'sheet transfer direction, since it is =

‘necessafy to reciprocate the "catriage several tens to hundred -

times Eor printing a whole page, there is a disadvantage that

muchH printing ‘time is required compared with a laser printer

.employing another technique such as an electrophotography

technique as used in copiers. ‘The inkjet printers employing
such a technique are referred to as “multi-pass type printers”

or “serial printers”

on the contrary, in inkjet printers referred to as
2
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“line-head type printers” in which a long print head having a

length equal to the width of the ﬁ}int sheet is disposed in
thg; direction perpendicular» to the sheéf transfer. direction

and the carriage’is not used, it is not necessary to move the

print head in ‘the width diréétié@l‘and. the “printing can be

cérried_ouf by a sinq;e scan Qs;ngiénﬁggs),;théfebyﬁ?arrying
mouf the printing at a éége@ Eighg; than that of Eﬁe gbove—_h
mentioned( techﬁique._ .Iﬁ é@di£ioﬁ, since the éar;iaqg for
n@punting the print head of a driving s?sten for mpving thE:”_
carriage 1is not neqessary,,:there i$~_an advantage Vtﬁat a -
printer case can decrease in size and weight and its. quietness
is improved. The inkjet printer employ}ng sych'a tecpnique’is

referred to as a “line-head type printer”.

Since the print head essential for the inkjet printer . .

has a structure that micro nozzles having a diameter of 10 to
70 um are arranged in series-or in-multi lines in .the printing
direction with a constant pitch, -a-part of the micre nozzles

may be clogged due to production errors or introduction of

dust during manufacturing it. .~
As a resuit, the jetting of ink is not possible and -thus
‘the dots may not be formed at a predetérmined position. In
addition, since the amount‘of-jétted ink may be smaller than a
predetermined amount, printihg féliﬁre referred to as a “white
stripe” (when the print sheet is"white) or a “nozzle omission”
may occur in a portion corréspbnding to the defectiﬁe pozéle;
Specificaily, such as white s%fipe phenoménon can be generéted
more remarkably in tﬁe “line—heéd‘type pripter” in which-the
print head is fixed and the ﬁﬁﬁgér of nozzles is remarkably

great than in the 'above—mentioned. “ﬁulti-pass type printer
3
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(serial printer)”

As a result, in order to prevent the generation of such

a white stripe, research and development in hardware such as

improvement in the technique for manufacturing a print head

and 1mprovement in de51gn have gone on. However, it _is

.dlfflcult to prov1de a print head not generatlng the whlte

stripe at all in view of productlon cost, print quallty, and

techniques.

Therefore, in addition .to improvement in hardware

rdescribed above, a technique that the white .stripe is

invisible to the naked eye by the use of a software technique

‘such as printing control described later 1is -used together

currently.

For example, in Japanese Unexamined Patent Applicatdion
Publication. No. 2003-63043, there is disclosed a technique
that when a so—called nozzle omission occurs in a “b}ackmdot”,
the white stripe is corrected by controlling a-cnlor‘brint
nead so as to jet a different color of ink to the portion.
cortesponding' to the nozzle omiseion and to synthesize thé
“plack dot” or that' when the nozzle omission occurs in-a
“oolor dot” other than black, the white stripe is corfected by
controlling the print head so as to increase the size of color

dots having the same color as the surroundings of the portﬁon

corresponding to the nozzle omission.

In Japanese Unexamined Patent Application Publicdticn No.
2002-331694, there is disclosed a technique that the white
stripe is invisible to the naked eye by Jjetting a different
cclor of ink, which is close to the color of the dote; td.the

portion corresponding to the white stripe, or by deviating the
4
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different color of dots from the original position by half

'éitch.

w

The white stripe phenomenon described above can}resuit

from a reason that a part of nozzles are formed in positions

i. deviated from predeteerQed positions due to production errors

- 40f‘the print head or a reason. (flight bending phenomenon)"fhat
:Ttﬁe jett}ng;_directioq of ink is not vertical to the print
- sheet  but. .oblique ythéreto,‘ Fhereby forming the dots iﬁ
- positions deviated.ﬁrom target positions, in addition to..the
10 djetting fa}lure of ink due to the nozzle clogging. _
Thgre is a- problem that the white stripe generated due
-to .the deviation in position of the nozzles or the flight
bending phenomenon is more visible to the naked eye tﬁan the

white stripé generated due to the nozzle clogging.
15 - ‘That 1is, in the white stripe generated dﬁe to the
~'deviatién. in position of the nozzles or the flight bending
- - phenomenon “can be more emphasized, since the ink that should
be jetted”tq the white stripe portion is Jjetted to come close
~ to dots at normal poéitions'or to overlab a part thereof with
20 fhe“dots,'the color concentration of the portion can increase
and tﬂe”deep—célored stripe can-be simultaneously genefrated in
the %idinity of fhe white stripe. Accordingly, the white

| stripe can be further emphasized.

Oon’ ELéz other hand, it can be considered as in the
25 related art tﬁaf the dots formed by the use of nozzles
. generating the flight bending phenomenon or nozzles adjacent

thereto should be enlarged so as to fill the white stripe

portion. However, in this case, the area in which the enlarged

dots are overlapped with other dots increases and thus the

5
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deep~colored stripe can be visible to the naked eye.

Therefore, the present invention is contrived to solve

4 the above—mentloned problems It is an object of the present

1nventlon to provide a novel 1mage formlng apparatus Wthh can

:remove or :make the whlte strlpe or the deep—colored._strlpe

generated due to the fllght bendlng phenomenon or the

deviation in p081tlon of nozzles 1nv151ble to the naked eye,

an image ,formlng' program, _an image. formlng' method, a data

generating apparatus, . a - data generating program, a data

.generating method, and a recording medium in which the program

is recorded. - ‘ . -

DISCLOSURE OF THE INVENT&ON

[Aspect 1] - _According to. Aspect 1-"of the- present

‘invention, there is provided an image forming apparatus that

forms a predetermined image with N-valued (N22) data on a print
medium by jetting an ink- from a plurality of nozzle modules,

which are arranged in a print head by colors, while moving one

or both of the Pprint medium and the print head, the image

forming apparatus comprising:‘an N-valued data acquiring means
for . acquiring the N-valued | (N=2) data; a print-head
characteristic grasping means for grasping a chafacteristic of
the print head; a data correcting means for correcting the N-
valued (N>2) data based on the characterlstlc of the print head
grasped by the print—head characteristic gtasping means; and a
brinting means fof performing the printing based on the
corrected data output from the data correcting means, wherein

when a dot is formed by the use of a normai nozzle and an

abnormal nozzle detected by the print-head characteristic
6
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grasping means, the data correcting means corrects ~the N-

valued (N>2) data so as not to form a dot by the usé of the

abnormal nozzle and corrécts the N-valued (N22) data so as fo

form a compensation dot, which has a color different from a

color used by the_abﬁgrmal hozzle, in the vicinity of a dot

forming position by the abnormal nozzie{ )
Accordingly, since the dots having a different color are
formed in a . stripe portion (for example, a white stripe .

portion when the print medium is white) generated due to a

flight bending phenomenony or the clogging of a nozzle,

"visibility of the white stripe deteriorates and it is thus

possible to remove the white stripe or to make the white
stripe invisible to the naked eye.

When an ink is jetted from the abnormal nozzle detected.
by the print-head characteristic grasping means and the normal
nozzle adjacent to the abnormal nozéle, the dots are not
formed by the use of the abnormal nozzle, for -example, by
stopping the jetting of the ink from the abnormal nozzle.
Accordingly, since the dots are not formed to overlap the dots
at the normal position adjacent thereto, a deep-colored “stripe-
generated at the overlapping portion can be simultaneously
removed.

As a result, it is possible to obtain a printed matter
with high: quality in which thé white stripe or "the deep-
colored stripe is almost invisible to the nékéa eye, even by
the use of the print head generating the £light Dbending
phenomenon or the deviation in position of the n;zzles.- In
addition, the conventional inkjet printer can be used as the

printing means without any change.

7
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The “dptﬁ,men;igned in this‘aspecpﬂisTaﬁbasic unit for

| b LI P

. — . | SR A
marking letters or shapes of a printed matter and means an

area that an ink jetted from one or plural nozzleé is landed

on the printw medium. The “dot” is not “zero” but has a

predetermined size (area). Of course, dots having wvarious

sizes exist. The shape of the dot is not limited to a circular

~shape, but may include shapes other than the circular shape

such as an elliptical shape. In this case, since its diameter
is not céﬁstant, the size of the dot is determined based on
the area of the dot or the average diameter of the dot (The
same is applicable to Aspects relating to an “image -forming
apparatus”, Aspects relating to an “image forming program”,
Aspects relating to an “image forming method”, Aspects‘
relating to a “data generating apparatus”, and BEST MODE FOR
CARRYING OUT THE INVENTION) . |

More accurately defining the “dot diémeter”, an
equivalent circular dot having an area equal fo the area of a
dot formed by jetting a predetermined amount of ink is
supposed and the diameter of- - the equivalent circular dot 1is
set as the dot diameter. ‘Generally, the absorption rate of ink
varies depending upon print media. Accordingly, when the print
medium is changed, the dot diameter varies variously even with
a constant amount of ink; of course. The “dot” is not limited
to a dot formed by one ink droplet jetted from one nozzle, but
may include a dot formed by: combining the ink dropleté Jetted
from two or more nozzles such as an extremely large dot.

The “flight bending phenomenon” means a phenomenon fhat
some nozzles jet an ink but the jet trajectory of the nozzles

is bent, thereby forming dots at positions deviated from
8
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target landing .positions, wunlike a phenomenon that some

e

~H

nozzles do not jet.an ink (The same is applicable to Aspects
relating to'an “image forming apparatus”, Aspects relating to

an “image forming program”, Aspects relating to an “image

5 Wforming method”, Aquqts reléting to a “data generating

10

15

20

25

apparatus”, and BEST MODE.FOR,CARRY;NG OUT THE INVENTION).

The “white stripe” means a portion (area) in which a
phenomenon that Ehe distance Dbetween adjacent dots Dbecomes
greater than a predetermined distance due to the “flight
bending phenomenon” continuously occurs and thus the color of
the print medium is visible to the naked eye in a stripe shape.
The “deep-colored stripe” means a portion -(area) in which a
phenomenon  that the distance between adjacent dots Dbecomes
smaller than a predetermined distance due to the ™“flight
“bending ‘phenomenon” continuously occurs and thus the color of
the print medium is invisible or a part of the deviated dots
overlap with normal dots, thereby making the overlapping
portion wvisible to the  naked eye in a deep-colored stripe
shape (The same is applicable to Aspects relating to an “image
forming apparatus”, Aspects relating to ‘an “image forming
program”, Aspects reiating to an “image forming method”,
Aspects reléting to a “data generating apparatus”, and BEST

MODE FOR CARRYING OUT THE INVENTION) .

The “N-valued (N>2) déta” include information (binary
rdété) on'existence of dots having éach color in each pixel and
informatioﬁ\on the size of the dots (The same is applicable to
Aspects relating to an “image forming apparatus”, Aspects

relating to an “image forming program”, Aspects relating to an

“image forming method”, Aspects relating to a “data generating
o 9
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apparatus”, and BEST MODE FOR CARRYING OUT THE INVENTION) .

The “characteristic of the print head grasped by the
print-head characteristic grasping means” includes “flight
bending information” indicating to what extent the respective
nozzle generates the flight bending énd “clogging information”
indicating which nozzle cannot jet the ink.

Here, “grasping” mentioned in the present invention
includes tabling the information on the characteristic of the
print head such as the flight bendihg information and the
clogging information and referring to the table.

The “data correcting means” correété the N-valued (N>2)
data based on the characteristic of the print head grasped by
the print-head ' characteristic Agrasping means. Here,
specifically “to correct the N-valued (N=>2) data based on the -
characteristic of the print head” includes: 1. to perform data -
correction to a largely deviated position (specifically, a
position where the distance between two dots is greater than
the dot diameter) based on the flight bending information; 2.
to perform data correction such as dot omission without using
the nozzle corresponding to the largely deviated position; 3.
to perform 'a data correction with using the nozzle
corresponding to the largely deviated position; and 4. to
perform dot omission.

“Detection” includes a meaning of “reference” in
addition to its literal meaning (The same is applicable to
Aspects relating to an “image forming apparatus”, Aspects
relating to an “image forming program”, Aspects relating to an
“image forming method”, Aspects relating to a “data generating

apparatus”, and BEST MODE FOR CARRYING OUT THE INVENTION) .
10
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[Aspect 2] According to Aspect 2 of the present

. —r.e,

»

n@dlum by jettlng an ink from a plurallty of nozzle modules,

pr & ,}

5 .whlch are arranged in a print head by colors, whlleimov1ng one

or, both of -the prlnt medium and the prlnt head, the image

W e e

-formrgg apparatus comprising: a N-valued (N>21 data acquiring
:meansz_for )acquiring the N—valued (N>2) data;»_a> print-head
characteristic grasping means for grasping a eparapteristic of
10 the‘p%int head; a data eorrecting-meahs for correcting the N-
valued. (N22) data'based on the characteristic of the print head
graeﬁéd by the print-head characteristic grasping means; and a
printing means for performing the printing based on the

corrected data output -from the data correcting means, wherein

wetemSrihen a dot is formed by the use of an abnormal nozzle detected. -

by the print-head characteristic grasping means, the data

correEting means corrects the N-valued -(N>2) data so as to

superpositionally form a compensation dot having:a different
. color‘by' the ‘use of a normal nozzle in. a nozzle module for the

20 different color.

Accordingly, similar to Aspect 1, since the dots having
‘a different color are formed in the white stripe portion
generated due to a fllght bendlng phenomenon oOr the clogging

of ai nozzle in the v1c1n1ty of the abnormal dot, the

25 v151b111ty' of the white stripe deterlorates and it is thus

"»

p0551ble to remove the white stripe or to make the whlte

™ P

stripe invisible to the naked eye.

- -

'[Aspect‘ 3] According to Aspect 3 of “the present

invention, there is provided the image forming apparatus

11
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according to Aspect 1 or 2, further comprising a multi-dot
forming means for controllin@ Eﬁé print head so as to form the

compensation dot greater than tée dot formed by the use of a

nozzle module including the abnéﬁmal nozzle.

e =T

In this way, by formingiithe compensation dot greater
than the normal doté by the psélgf the multi—dot forming means,
it’is possible to form thg;ééépensation dot to surely cover
the white stripe portion, even when éhe compensation dot 1is
deviated from the targetrpqsit;on but,nof abnormal, or when
the width of the white stripe i§ great. _As a result, similar
to the above-mentioned aspect;- . the wvisibility of the white
stripe portion deteriorates; thereby making the white stripe
invisible to the naked eye. |

[Aspect 4] According -to Aspect 4 of bthe present
inventionj -~ therer ~is==provided the image forming apparatus
according to any one of Aspects 1 to 3, wherein the data

correcting means -corrects the N-valued (N(2) data so as to

form the compensation dot earlier than dots formed by the use

of the noizle module including-the abnormal nozzle.
| Accordingly, by earlier forming the compensation dot,
the visibility of the white sffipe portion can deteriorate,
thereby maEing:the white stripé invisible to the naked eye.
In addition, since the color of the compensation dot is not
viewed well, it is possible Lto satisfactorily avoid “the
generation of an unnatural colo£ in the white stripe portion.
[Aspect 5] Accokding to Aspect 5 of the present
invention, there 1is pro&ided ;the imagé forming apparatus
according to any one of Aépects 1 to 4, wherein the data

correcting means. corrects the»N?valued (N(2) data so as to

12
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form, as the compensation dot, a dot having a color of

which the concentration value or the brightness value

e

approaches the concentratlon value or the brightness value of

the dot formed by the use of the abnormal nozzle by a

predetermined value or less.

Accordingly, by using the dot having a color close to

the color of the abnormal nozzle as the compensation dot, the

v151b111ty of the whlte stripe can deteriorate, the;eby

making the white stripe invisible to the naked eye. 1In

addition, since the color of the compensation. dot is. not

viewed well, it is possible to further deteriorate - the
visibility of the color stripe resulting.from the correction.

[Aspect 6] According to "Aspect 6 of the present
invention, there is provided the image fofming apparatus
according to any one of Aspects -l -te:-4, -wherein  -the data
correctimg meanslcorrects the N-valued (N(2) data such_that
when the print head can form a plurality of colors of dots
and the color of the dot formed by the use of the abnofmal
nozzle is black, the compensation dot is formed by combining
the plurality of colors.

That ie, in the presentvaspect, when the color of the
dot formed by the use of the abnormal nozzle is black; the
compensation dot has a combination of different colors(
without singly selecting a color having a great difference in
concentration with respect to black, for example, yellow.
Accordingly, since the color having a great difference‘in
concentration with respect to black is not singly selected
for the compensation dot, it is possible to satisfactorily

deteriorate the visibility of the white stripe.
13
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Here, “combination” includes forming dots of a
plurality . of ‘colors (The same is applicable to Aspects
relating to an “image forﬁing apparatus”z‘Aspects relating to
an “image forming program”, Aspects réiating to an “image
forming method”, Aspects relating Mto-_a _“data generating
'aﬁparatus”, and BEST MODE FOR CARRYING A(-DUT THE INVENTION) .

[Aspect 7] According to__Aspect 7 of the present
invention, there .-is provided the imége forming apparatus
according to any one of Aspects 1 to 4, wherein the data
correcting means corrects the N-valued (N>2) data such that
when the print head can form dots having four or more colors
including black, magenta, cyan, and yellow and the color of
the dot formed by the use of the abnormal nozzle is black, a
dot having -a combination of magenta, cyan, and yellow, a
combination -ef magenta and cyan, a combination of magenta and
yellow, a combination of cyan and  yellow, or any one of
magenté and cyan is férmed as the compensation dot.

That is, in the present aspect, when the print head can
form dots having  four or more colors inciuding black, magenta,
cyan, and yellow and the color of the dot formed by the use of
the abnormal nbzzle is black, the compensation dét eﬁploys a
color other than yellow or a combinétion. of yellow and a
different color so as not to singly select yellow having the
largest difference in concentration with respect to black.
Accordingly, since the color having a great difference in.
concentration with respect to black is not singly selected for
the compensation dot, it is possible to satisfactorily
deteriorate the visibility of the white stripe.

[Aspect 8] According to Aspect 8 of the present
14
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invention, there is provided the image forming apparatus
according to any one'“of Aspects 1 to 4, wherein the data
correcting means corrects the N;valueq (N>2) data such that
when the print head c%n form dots having four or more colors
including black, mageﬁta, cyan, and yellow and the color of
the dot formed by the use of the abnormal nozzle is magenta, a
dot having a black color, a cyan color, or a combination of
cyan and yellow is formed as the compensation dot.

That is, in the present aspect, when the print head can
form dots having four of more coloré including black, magenta,
cyan, and yellow and the color of the dot formed by the use of
the abnormal nozzle is magenta, the compensation dot employs a
color other than yellow or a combination of yellow and a
different color so as not to sing;y select yellow having the
largest difference in concentfation with respect to magenta.
Accordingly, similar to Aspect 6, since the color having a
great difference in concentration with respect to ﬁagenta is
not singly selected for  the compensation dot, it is possible
to satisfactorily 'deteriorate the visibility of -the - white
stripe.

[Aspect 9] According to Aspect 9 of the present
inventioﬁ, there 1is provided the iﬁage forming apparatus
according to any one of Aspects 1 to 4, wherein the data
correcting means corrects the N-valued (N22) data such that
when the print head can form dots having four or more colors
including black, magenta, cyan, and yellow and the color of
the dot formed by the use of the abnormal nozzle is cyan, dots
having a black color, a magenta color, or a combination of

magenta and yellow is formed as the compensation dot.
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That is, in the present aspect, when the print head can
form dots having fopr or more colors including black, magenta,
cyan, and yelldw and the color of the dot formed by the use of
the abnormal hozzle,is cyan, the cpﬁpensation aot employs a

color other than yellow or a combination of yellow and a

ydifferent color so as not to singly select yellow having the

largest difference in concentration with respect to cyan.
Accordingly, similar to Aspects 6 and 7, since yellow having a
great difference in concentration with respect to éyan is not
singly ‘'selected for the compensation dot, it is possible to
satisfactorily deteriorate the visibility of the white stripe.
[Aspect 10] According to Aspect 10 of the present
invention, there is provided the image forming apparatus

according to ‘Aspect 7, wherein the data correcting means

corrects the N-valued (N22) data such that when the dot formed

by the abnormal nozzle is continuous in the 'printing direction,
two or more of a dot having\a combination of magenta, cyan,

and yellow, a dot having a combination of magenta and cyan,

and a. dot hdving "one - of magenta and cyan are alternately
formed as the compensation dot.

That is, when the compensation dot is continuously

formed in the printing direction, the compensation dots having

colors other than yellow are alternately formed such that like
color is not éontinuous. Accordingly, in addition to the white
stripe, it is possible to avoid the generation of another
colored stripe instead of the white stripe, thereby preventing
another colored stripe from being visible.

[Aspect 11] According to Aspect 11 of the present

invention, there is provided the image forming apparatus
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according to any one of Aspects 1 to 10, wherein the print-
head characteristic grasping means includes a print-head
characteristic storing unit in which nozzle characteristics of
the print head are stored in advance, and wherein the print-
head characteristic grasping means detects the abnormal nozzle
every nozzlé module of the print head based on the
characteristics of thel print head.'stored. in the print-head
characteristic storing unit.

As described above, when the compensation dot of a
different color is formed in the whitg stripe portion by thé
used of the print head, it is necessary to detect the abnormal
nozzle every nozzle module of the print head, that is, to
accﬁrately grasp which nozzle of which nozzle module is the
abnormal nozzle generating the flight bending phenomenon.

Accordingly, in the present aspect, the print-head
characteristic grasping means is provided with the print-head
characteristic stéring unit for storing the nozzle

characteristics of the print head and the abnormal nozzle

~every. nozzle module of the print head is properly -grasped

based on the characteristic of the print head stored in the
print—head characteristic storing unit.

As a result, since the abnormal nozzle of the print head
can be accurately .grasped, it is possible to optimally form
the compensation dot every print head, similar to the above-
mentioned aspects.

In addition, since the portion of the abnormal dots or
the number of the abnormal dots are different every print head,
it is possible to rapidly cope with the case that the priﬂt

head is used at the first time or the case that the print head
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is replaced, by storing (updating) the nozzle characteristics
of the print head  in the print-head characteristic storing
unit when the print head is newly fitted (at the time of
production) or when the print head is replaced.

[Aspect 12] According to Aspect 12 of the present
invenﬁion, there 1is provided the image forming apparatus
according to any one of Aspects 1 to 10, wherein the print-
head chaéacteristic grasping means includes a print-head
characteristic detecting unit for detecting the characteristic
of the print head from an image formed by the use of the print
head, and wherein the print-head characteristic grasping means
detects the abnormal nozzle every nozzle module of the print
head based on the characteristic of the print head detected by
the print-head characteristic detecting unit.

That is,. although Aspect 11 copes with the difference in.
characteristic of the print head by providing the print—head
charactéristic storing unit for storing the characteristics of .
the print head in advance, the present aspect includes the
print-head characteristic detecting unit }for detecting the
characteristic of the print head from the image formed by the
uée of the print head, instead of the print-head
characteristic storing unit.

Accordingly, similar to Aspect 11, it 1s possible .to
rapidly cope with the areplacément of the print head. In‘
addition, even when the print head varies in characteristic
with use (when a new abnormal nozzle 1is generated), it is
possible to flexibly cope with @he variation in characteristic
with use, by allowing the print-head characteristic detecting

unit to detect the characteristic of the print head from an
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image formed by the use of the print head at a predetermined
point of time.

[Aspect 13] According to Aspect 13 of the present
inveﬁtion, there’ .is provided an image forming program for
forming a predetermined image with N-valued (N>2) data on a
print medium by jetting an ink from a plurality of nozzle
modules, which are arranged in a print head by colorsl, while
moving one or both of the print medium and the print head, the
image forming program allowing a computer to execute: ‘an N-
valued (N>2) data acquiring step of acquiring the N-valued
(N>2) data; a print-head characteristic grasping step of
grasping a characteristic of the print head; a data correcting
step of co;recting the N-valued (N>2) data based on the
characteristie of the print head grasped in the  print-head
characteristic grasping step; and a ©printing step of
performing the printing ba&sed on the corrected data obtained
in the data correcting step, wherein when a dot is formed by
the use of a normal nozzle and an abnormal nozzle detected ‘in
the print-head. characteristic grasping step, the - data
;correcting step serves to correct the N-valued (N22) data so as
not to form a dot by the use of the abnormal nozzle and to
correct the N-valued (N>2) data so as to form a compensation
dot, which has a color different from a color used by the
abnormal nozzle, in the vicinity of a dot forming position by
the abnormal nozzle.

Accordingly, similar to Aspect 1, since the dots having
a different color are formed in a stripe portion (for example,
a white stripe portion when the print medium is white)

generated due to a flight bending phenomenon or the clogging
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of a nozzle, the visibility of the whitey stripe deteriorates
and it is thus possible to remove the white stripe or to make
the white stripe inﬁisible to the naked eye. In addition, when
an ink is Jjetted from the abnormal nozzle detected in the
print-head characteristic grasping step and the normal nozzle
adjacent to the abnormal nozzle, the dots cannot be formed by
the use of the. abnormal nozzle by stdpping the. jetting of the
ink from the abnormal nozzle. ‘Accordingly, since the dots are
not formed to overlap the dots at the normal position adjacent
thereto, the concentration of the color at the overlapping
portion becomes deeper and the disadvantage that the white
stripe 1is émphasized can be avoided, thereby making the white
stripe further invisible.

Since most of image forming apparatuses which currently
come into the market such as inkjet printers include a
éomputer system having a central processing unit (CPU), a
storage (RAM aﬁd RdM), and an input and output unit ahd can
embody the respective means in software by the use of the
computer system,  the respective steps'can be economically and
easily embodied in comparison with the case that the
respective steps are embodied in specific hardware. A general-
purpose computer system such as PC can be used for the data
correcting step other than the printing step.

Furthermore, by rewriting a part of the program, the
version-up due to the change or improvement in functions can
be easily acéoﬁplished.

[Aspect 14] According to Aspect 14 of the present
invention, there 1is provided aﬁ image forming program for

forming a predetermined image with N-valued (N22) data on a
20
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print medium by Jetting an ink from a plurality of'nozzle
modules, which are arranged in a print head by colors, while
moving one or both of the print medium and the print head, the
image forming program allowing a computer to execute: a N-
valued data acquiring step of acquiring the N-valued (N22)
data; a print-head characteristic grasping step of grasping a
characteristic of the print head; a data correcting step of
correcting the N-valued (N>2) data based on the characteristic
of the print head grasped in the print-head characteristic
grasping step; and a priﬁting step of performing the printing
based on the corrected data obtaineq in the data correcting
step, wherein when a dot’is formed by. the use of an abnormal
nozzle detected in the print-head characteristic grasping step,
the data correcting step serves to correct fhe N-valued (N(2)
déta so as to superpositionally form a compensation dot having
a different color by the use of a normal nozzle in a nozzle
module for'the different color.

Accordingly, similar to Aspect 2, since the dots having

‘a different color are formed in-a stripe portion generated due

to the flight bending phenomenon of the deviation in position
of a nozzle, the wvisibility of +the white stripe can
deteriorate and thus the white stripe can be made invisible to
the naked eye. |

Similar to Aspect 12, since the respective means can be

embodied in software by the use of PC or the computer system

"of the image forming apparatus, the respective means can be

economically and easily embodied in comparisoh with the case
that the respective means are embodied in specific hardware.

In addition, by rewriting a part of the program, the version-
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up due to the change or improvement in functions can Dbe
easily accomplished.

| [Aspect 15] According to Aspect 15 of the present
invention, there is provided the image forming program
according to Aspect 13 or 14, the] image forming program
allowing a computer to further execute a multi-dot forming
step of controlling the print héad so as to form the
compensation dot greater than the dot formed by the use of a
nozzle module including the abnormal nozzle.

Accordingly, similar to Aspect 3, by forming the

" compensation dot greater than the normal dots, it is possible

to form the compensation dot to surely cover the white stripe

portion, even when the compensation dot is deviated from the

target position but not abnormal, or when the width of the
white stripe is great. As a result, similar to the above-
mentioned aspect, the visibility of the white stripe portion
deteriorates, théreby making the white stripe invisible to the
naked eye.

Similar to -Aspect 13, since the respective means cén be
embodied in software by the use of PC or the computer system
of the image forming apparatus, the respective means can be
economically and easily embodied in comparison with the case
that - the respective means are embodied in specific hardware.
In addition, by rewriting a part of the program, the version-
up due to the change or improvement in functions can be easily
accomplished.

[Aspect 16] According to Aspect 16 of the present
invention, there is provided the image forming program

according to any one of Aspects 13 to 15, wherein the data
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correcting steps serves to correct the N-valued (N>2) data so

"as to form the compensation dot earlier than dots formed by

the use of the nozzle module including the abnormal nozzle.

Accordingly, similar to Aspect 4, the visibility of the
white stripe portion can deteriorate, thereby making the white
stripe invisible to the naked eye. In addition, since the
color of the compensation dot is not viewed well, it is
possible to satisfactorily avoid the generation of an
unnatural color in the white stripe portion. |

Similar to Aspect 13, since the respective means can be
embodied in software by the use of PC or the computer system
of the image forming apparatus, the respective means can be
economically and easily embodied in comparison. with the case
that the respective means are embodied in specific hardware.
In addition, by rewriting a part of the prégram, the version-
up due to the change or improvement in functions can be easily
accomplished.

[Aspect 17] According to Aspect 17 of the present
invention, there 'is provided the image forming program
according to any one of Aspects 13 to 16, wherein the data
correcting step serves to correct the N-valued (N22) data so as
to form, as the compensation dot, a dot having a color of
which the concentration value or the brightness value
approaches the concentration value or.the brightness wvalue of
the dot formed by the use of the abnormal nozzle by a
predetermined value or less.

Accordingly, similar to Aspect 5, the visibility of the
white stripe can deteriorate, thereby making the white stripe

invisible to the naked eye. 1In addition, since the color of
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the compensation dot 'is not viewed well, it is possible to.
further deteriorate the visibility of the color stripe
resﬁlting from the correction.

Similar ‘to 'Aspecyt 13, since the respective means can be
embodied in software by the use of PC or the computer system
of the image forming apparatus, the respective means can be
economically and easily embodied in compérison with the case
that the respeétive means are embodied in specific hardware.
In addition, by rewriting a‘part of the program, the.version—
up due to the chanée or improvement in functions can be easily
accomplished.

[Aspect 18] According - to .Aspect,le of the present
invention, there 4is provided the image forming program
according to any one of Aspects 13 to 16, wherein the data
cﬁrrecting step serves to correct the N-valued (N>2) data such
that when the print head can form a plurality of colors of
dots and the color of the dot formed by the use of the
abnormal nozzle is black, the compensation dot is formed by
combining the plurality of colors.

Accordingly, similar to Aspect 6, since the color having
a great difference in concentration with respect to black is
not singly selected for the compensation dot, it is possible
to satisfactorily deteriorate the wvisibility of the white
stripe.
| ’Similar to Aspect 13, since the respective means can be
embodied in software by the use of PC or the computer system
of the image forming apparatus, the respective means can be
economically and easily embodied in comparison with the case

that the respective means are embodied in specific hardware.
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In addition, by rewriting a part of the program, the version-
up due to the change or improvement in functions can be easily
acéomplished.

[Aspect 19] According to Aspect 19 of the present
invention, there is provided the image forming program
according to any one of Aspeéts 13 to 16, wherein the data
correcting step serves to correct the N-valued (N>2) data such
that when the print head can form dots héving four or more
colors including black, magenta, cyan, and yellow and the
color of the dot formed by the use of the abnormal nozzle is
blaék, a dot having a combination of'magenta, cyan, and yellow,
a combination of magenta aﬁd cyan, a combination of magenta
and yellow, a combination of cyan and yelldw, or any one of
magenta and cyan is formed as the compensation dot.

- Accordingly, similar to Aspect 7, éince yellow having a
greatest difference in concentration with respect to black is
not singly selected for the'compénsation‘dot, it is possible
to satisfactorily deteriorate the visibility of the whife
stripe.

Similar to Aspect 13, since the respective means can be
émbodied in software by the use of PC or the computer system
of the image forming apparatus, the respective means can be
economically and easily embodied in comparison with the case
that the respective meané are embodied in specific hardware.
In additipn, by rewriting a part of the program, the version-
up due to the change or improvement in functions can be easily
accomplished.

[Aspect 20] According to Aspect 20 of the present

invention, there is provided the image forming program
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according to any one. of Aspects 13 to 16, wherein‘the data

correcting step serves to correct the N-valued (N>2) data such

that when the print head can form dots having four or more

colors including black, magenta,- cyan, and yellow and the

color of the dot formed by the use of the abnormal nozzle is

magenta, a "dot having a black color, a cyan color, .or a
combination of cyan and yellow is formed as the compensation
dot.

Accordingly, similar to Aspect 8, since the color having

a great difference in concentration with respect to magenta is

not singly selected for the compensation dot, it is possible

to satisfactorily deteriorate the visibility of the white
stripe.

Similar to Aspect 13, since the’respective means can be
embodied in software by the use of PC or the computer system
of the image forming apparatus, the respective means can be
economically and easily embodied in comparison with the case
that the respective means are embodied in specific hardware.
In addition, by rewriting a part of the program, the wversion-
up due to the chanée or improvement in functions can ﬁe easily
accomplished.

[Aspect A21] According to Aspect 21 of the present
invention, there is provided the image forming program
according to any one of Aspects 13 to 16, wherein the data
correcting step serves to correct the N-valued (N22) data such
that when the print head can form dots having four or more
colors 'including black, magernita, cyan, and yellow and the
color of the dot formed by the use of the abnormal nozzle is

cyan, dots having a black color, a magenta color, or a
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combination of magenta and yellow 1s formed as the
compensation dot.

Accordingly, similar to Aspects 9, since yellow having a

'great difference’ in concentration with respect to cyan is not

singly selected for the compensation dot, it is possible to

satisfactorily deteriorate the visibility of the white stripe.

Similar to Aspect 13, since the respective means can’ be
embodied in softwarg by the use of PC or the computer system
of the image forming apparatus, the respective means can be
economically and easily embodied in comparison with the case
that the .respective means are embodied in specific hardware.
In addition, by rewriting a part of the program, the version-
up due to the change or improvement in functions can be. easily
accomplished. -

[Aspect 22] According to Aspect 22‘ of the present
invention, there 1s provided the image forming program
according to Aspect 20, wherein the data correcting  step
serves to correct the N-valued (N>2) data such that when the
dot formed by -the abnormal nozzle 1is continuous in the
printing direction, two or more of a dot having a combination
of magenta, cyan, and yellow, a dot having a combination of
magenta and cyan, and a dot having one of magenta and cyan are
alternately formed as the compensation dot.

Accordingly, similar to Aspect 10, it is possible to
avoid the generation of another colored stripe instead of the
white stripe, in addition to the white stripe, thereby
preventing another colored stripe from being visible.

Similar to Aspect 13, since the respective means can be

embodied in software by the use of PC or the computer system
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of the image forming apparatus, the respective means can be
economically and easily embodied in comparison with the case
that the respective means are embodied in specific hardware.
In addition, by rewriting a part of the program, the version-
up due to the change or improvement in functions can be eésily
accomplished. |

[Aspect -23] According to Aspect 23 of the present
invention, there 1is provided the image forming program
according to any one of Aspects 13 to 16, wherein the print-
head characteristic grasping step includes a prij:lt—head
characteristic storing step of storing nozzle characteristics
of the print head in advance, and wherein the print-head
characteristic grasping step serves to detect the abnormal
nozzle every nozzle module of the print head basedl on the
characteristics of the pfint head stored in the print-head
charactéristic storing step.

Accordingly, similar to Aspect 11, since the abnormal
nozzle of the print head can be accurately grasped, it is
possible to optimally form the compensation dot every print
head, similar to the above—‘mentioﬁed aspects.

Similar to Aspect 13, since the respective means can be
embodied in software by the use of PC or the computer system
of the image forming apparatus, the respective means can be
economically and easily‘embodied in comparison with the case
that the respective means are embodied in specific hardware.
In addition, by rewriting a part of the program, the version-
up due to the change or improvement in functions can be easily
accomplished.

[Aspect 24] According to Aspect 24 of the present
28
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inVention, there 1s provided the image forming program
according to any one of Aspects 13 to 23, wherein the print-
head characteristic grasping step 1includes a print-head
char'acteristié détecting step of detecting the characteristic
of the print heéd from an image formed by the use of the print
head, and wherein the print-head characteristic grasping step
serves to detect the abnormal nozzle every hozzle module of
the print head based on the characteristic of the print head
detected in the print-head characteristic detecting step.

Accordingly, similar to Aspect 11, it is possible to
rapidly cope with the replacement of the print head. In
addition, even when the print head varies in characteristic
with use (when a new abnormal nozzle is generated), it is
possible to flexibly cope with the variation in characteristic
with use, by allowing the print-head characteristic detecting
step to serve to detect the characteristic of the print head
from an image formed by the use of the print head at a
predetermined point of time.

Similar to- Aspect 12, since the respective means can be
embodied in software by the use of PC or the computer system
of the Aimage forming apparatus, the respective means can be
economically and easily embodied in comparison with the case
that the respective means are embodied in specific hardware.
In addition, by rewriting a part of the program, the version-
up due to the change or improvément in functions can be easily
accomplished.

[Aspect 25] According to Aspect 25 of the present
invention, there is provided an image forming method of

forming a predetermined image with N-valued (N(2) data on a
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print medium by Jetting an‘ ink from a plurality of nozzle

modules, which are arranged in a print head by colors, while
moving one or both of the Vprint medium and the print head, the
image forming method comprising: a N-valued data acquiring
step of acquiring the N-valued (N(2) data; a print-head
characteristic grasping step of grasping a characteristic of
the print head; a data cdrrecting step of correcting the N—
valued (N(2) data based on the characteristic of the print
head grasped in the print-head ‘characteristic grasping step;
and a printing step of performing the printing based on the
corrected data obtained in the data correcting step, wherein
when a dot is formed by the use of a normal nozzle and an
abnormal nozzle detected in the print-head characteristic
grasping step, the data correcting step serves to correct the
N-valued (N(Z) data so as not to form a dot by the use of the
ebnormal, nozzle end to correct the N-valued (N(2) data so as
to form a compensation dot, which has a color different from a
color used by the abnormal nozzie, in the wvicinity of a dot
forming position by the abnormal nozzle.

.Substantially, the image forming method according to
Aspect 25 is an image forming method of forming a
predetermined image with N-valued (N(2) data on a print medium
by jetting an ink from a plurality -of nozzle modules, which
are arranged in a print head by colors, while moving one or
both of the print medium and the print head, the image forming
method comprising: a N-valued data acquiring step of acquiring
the N-valued (N(2) data from an input wunit; a print-head
characteristic grasping step of grasping a characteristic of

the print head from a storage unit (such as ROM or RAM); a
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data correcting step of allowing a central processing unit
(CPU) to correct the N-valued (N(2) data based on the
characteristic of the print head grasped in the print-head
characteristic grasping step; and a'printing step of allowing
an output unit to perform the printing based on the corrécted
data obtained in the data correcting step, wherein when a dot
is formed by the use of a normal nozzle and an abnormal nozzle
detected in the print-head characteristic grasping step, the
data correcting step serves to correct the N-valued (N(2) data

so as not to form a dot by the use of the abnormal nozzle and

to correct the N-valued (N(2) data so as. to form a

compensation dot, which has a color different from a color
used by the abnormal nozzle, in the &icinity of a dot-forming
position by the abnormal nozzle.

Accordingly, similar to Aspect 1, since the dots having
a different color are formed in a stripe portion (for example,
a white st;ipe portion when the print medium is white)
generated due to a flight bending phenomenon or £he cloggiﬁg
of a nozzle, the visibility of the white stripe deteriorates
and.it is thus possible to remove the white étripe or to make
the white stripe invisible to the naked eye. In addition, when
an ink is Jjetted from the abnormal nozzle detected in the
print-head characteristic grasping step and the normal nozzle
adjécent to the abnormal nozzle, the dots are not formed to
overlap the dots at the normal position adjacent thereto by
stopping the Jjetting of the ink from the abnormal nozzle.
Accordingly, the concentration of'the color at the overlapping
portion becomes deeper and the disadvantage that the white

stripe is emphasized can be avoided, thereby making the white
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stripe further invisible.
[Aspect 26] According to Aspect 26 lof the present
invention, there is provided an image forming method of
Jforming a predetermined image with N-valued (N(2) data on a
print medium by jetting an ink from a plurality of hézzle
modules, which are arranged in a print head by colors, while
moving one or both of the print medium and the print head, tﬁe
image forming method comprising: a N-valued (N(2) data
acquiring step of acquiring the N-valued (N(2) data; a print-
head characteristic grasping step of grasping a characteristic
of the print head; a data correcting step of correcting the N-
valued (N(2) data based on the characteristic of the print
"head grasped ih the print-head characteristic grasping step;
and a printing step of performing the printing based on the
corrected data obtained in the data correcting step, wherein
when a dot is formed by the use of an.abnormal nozzle detected
in the print—head characteristic grasping step, the data
correcting step serves to correct the N-valued (N(2) data so
as to superpositionally form a compensation -dot having a
different color by the use of a normal nozzle in a nozzle
module for the different color.

Substantially, the image forming method according to
Aspect 26 is. an image forming method of formihg a
predetermined image with N-valued (N2>2) data on a print medium
by jetting an ink from a plurality of nozzle modules, which
are arranged in a print head by colors, while moving one or
both of the print medium and the print head, the image forming
method comprising: a N-valued (N22) data acquiring step of

acquiring the N-valued (N>2) data from an input unit; a print-
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head characteristic grasping’ step of grasping a
characteristic of the print head from a storage unit (such as
ROM or RAM); a déta correcting step of allowing a central
processing unit (CPU) to correct the N-valued (N>2) data based
on the characteristic of the print head grasped in the pfint—
head characteristic grasping step; and a printing step of
allowing an output unit to perform the printing based on the
corrected data obtained in the data correcting ;tep, wherein
when a dot is formed‘by the‘use of an abnormal nozzle detected
in the print-head characteristic graéping step, the data
correcting step serves to correct the N-valued (N=22) data so as
to superpositionally form a compensation dot having a
different color by the use of a normal nozzle in a nozzle
module for the different color. °

Accordingly, similar to Aspect 2, since the dots having
a different color are formed in a stripe portion generated due
to the flight bending phenomenon or the deviation in position
of a nozzle, the visibility of the white stripe can
deteriorate énd~thus the white stripe can be made invisible to
the naked eye.

[Aspect 27] [According to Aspect 27 of the present
invention, there is provided the image forming method
according to Aspect 25 or 26, further comprising a multi-dot
forming step of controlling the print head so as to form the
compensation dot greater than the dot formed by the use of a
nozzle module including the abnormal.nozzle.

Accordingly, similar to Aspect 3, by  forming the
compensation dot greater than the normal dots, it is possible

to form the compensation dot to surely cover the white stripe
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portion, even when the compensation dot is deviated from the
target position but not abnormal, or when the width of the
white stripe is great. As a result, similar to the above-
mentioned aspect, the visibility of the white stripe portion
deteriorates, thereby making the white stripe invisible té the
naked eye.

[Aspect 28] According to Aspect 28 of the present
invéntion,' there 1is provided the image forming method
according to any one of Aspects 25 to 27, wherein the data
correcting steps serves to correct the N-valued (N(2) data so
as to form the compensation dot eariier than dots formed by
the use of the nozzle module including the abnormal nozzle.

Accordingly, similar to Aspect 4, the visibility of the
white stripe portion‘can deteriorate, thereby making the white
stripe invisible to the naked eye. In addition, since the
color of the compensation dot is, not viewed well, it is
possible to satisfactorily avoid the géneration of an
unnatural color in the white stripe portion. |

[Aspect 29] °© According to .Aspect. 29 of‘ the present
invention, there is provided the image forming method
according to any one of Aspects 25 to 28, whérein the data
correcting step serves to correct the N-valued (N(2) data so
as to form, as the compensation dot, a dot having a color of
which the concentration . value or the Dbrightness value
approaches the concentration value or the brightness wvalue of
the dot formed by the use of the abnormal nozzle by a
predetermined value or less.

Accordingly, similar to Aspect 5, the visibility of the

white stripe can deteriorate, thereby making the white stripe
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invisible to the naked eye. . In addition; since the qolor of
the compensation dot is not viewed well, it is possible to
further deteriorate the wvisibility of -the color stripe
resulting from the correction.

[Aspect 30] According to Aspect 30 of the present
invention, there is provided the image forming method
according to any one of Aspects 25 to 28, wherein the data
correcting step serves to correct the N-valued (N>2) data such
that when the print head can form a plurality of colors of
dots and the color of the dot formed by the use of the
abnormal nozzle is Dblack, the compensafion dot is formed by
combining the plurality of colors.

Accordingly, similar to Aspect 6, since the color having
a great difference in concentration with respect to black is
not.singly selected for the compensation dot, it is possible-
to satisfactorily deteriorate the visibility of the white
stripe.

[Aspect 31] According to Aspect 31 of the present
invention, there ' is. provided the image forming method
aécording to any one of Aspects 25 to 28,.wherein the data
correcting step serves to correct the N-valued (N22) data such
that when the print head can form dots having four or more
colors inéluding black, magenta, cyan, and yellow and the
color of the dot formed by the use of the abnormal nozzle.is
black, a dot having a combination of magenta, cyan, and yellow,
a combination of magenta and cyan, a combination‘of magenta
and yelloﬁ, a combination of cyan and yellow, or any one of
magenta and cyan is formed as the compensation dot.

Accordingly, similar to Aspect 7, since yellow having a
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gfeatest difference in concentration with respect to black is
not singly selected for the compensation dot, it is possible
to satisfactorily deteriorate. the visibility of the white
stripe. '

[Aspect 32] According to Aspect 32 of the present
invention, there is provided the image forming method
according to any one of Aspects 25 to 28, wherein the data
correcting step serves to correct the N-valued (N22) data such
that when the print head can form dots having four or more
colors including black, magenta, cyan, and yeliow and the
color of the dot formed by the use of the abnormal nozzle is
magenta, a dot having a black color, a cyan color, or a
combination of cyan and yellow is formed as the compensation
dot.

Accordingly, similar to Aspect 8, since the color having
a great difference in concentration with respect'to magenta is
not singly selected for the compensation dot, it is possible’
to satisfactorily deteriorate the visibility of the white
stripe.

[Aspect 33] According to Aspect 33 of the present
invention, there is provided the ' image forming method
according to any one of Aspects 25 to 28, wherein the data
correcting step serves to correct the N-valued (N22) data such
that when the print head can form dots having four or more
colors including black, magenta, cyan, and yellow and the
color of the dot formed by the use of the abnofmal nozzle i;
cyan, dots having a black color, a magenta. color, or a
combination of magenta and yellow is formed as the

compensation dot.
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Accordingly, similar to Aspects 9, since yellow having
a great difference in concentration with respect to cyan is
nﬁt singly selected for the compensation dot, it is possible
to satisfactorily deteriorate the ﬁisibility of the white
stripe.

[Aspect 34] According to Aspect 34 of the present
invention, there 1is provided the image forming method
according to Aspebt 31, wherein the data correcting step

A

serves to correct the N-valued (N>2) data such that when the
dot formed by the abnormal nozzle 1is continuous in the
printing direction, two or more of a dot having a combination
of magenta, cyan, and yellow, a dot having a combination of
magenta and cyan, and a dot having one of magenta and cyan are
alternately formed as the compensation. dot.

Accordingly, similar to .Aspecf 10, it is possible to
avoid the generation of another colored stripe instead of the
white stripe, in addition to the white stripe, thereby
preventing another colored stripe from being visible.

[Aspect 35] © According to Aspect 35 pf the present
invention, there is provided the image forming method
according to any one of Aspects 25 to 34, wherein the print-
head characteristic grasping step includes a print-head
characteristic storing step of storing nozzle characteristics
of the print head in advance, and wherein the print-head
characteristic grasping step serves to detect the abnormal
nozzle every nozzle module of the print head based on the
characteristics of the print head stored in the print-head
characteristic storing step.

Accordingly, similar to Aspect 11, since the abnormal
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nozzle of the print héad can be accurately grasped, it is
possible to optimally form the compensation dot every print
head, similar to the abové—mentioned aspects.

[Aspecf 367 According to Aspect 36 of the present
invention, there 1s provided the imége forming method
according to any one of Aspects 25 to 34, wherein the print-
head characteristic grasping step includes a pfint—head
characteristic detecting step of detecting the characteristic
of the print head froﬁ an image formed by the use of the print
head, and wherein the print-head characteristic grasping step
serves to detect the abnormal‘nozzle‘every nozzle module of
the print head based on the characteristic of the print head
detected in the print-head characteristic detecting step.

Accordingly, similar to Aspect 12, it is possible to
rapidly cope with the replacement of the print head. In
addition, even when the print head varies in characteristic
with use (when a new abnormal nozzle 1is generated), it 1is
possible to flexibly cope with the variation in characteristic
with use, by allowing the print—head'characteristic detecting
step to serve to detect the characteristic of the print head
from 'an image formed by the use of the print head at a
predetermined point of time.

[Aspect 37] According to Aspect 37 of the present
invention, there is provided a data generating apparatﬁs for
generating N-valued (N22) data used for a printer that forms a
predetermined image on a print medium by jetting an ink from a
plurality of nozzle modules, which are arranged in a print
head by colors, while moving one or both of the print medium

and the print head, the data generating apparatus comprising:
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a N-valued data acquiring means for acquirind the N-valued
(N=2) »data; a print-head characteristic grasping means for
grasping a characteristic of the print head; and a data
correcting means for correcting the N-valued (N>2) dafa based
on the characteristic of the print head grasped by the print-
head characteristic grasping means, wherein when a dot 1is
formed by the use of a normal nozzle and an abnormal nozzle
detected by the print-head characteristic grasping means, the
data correcting means corrects the N-valued (N22) data so as
not to form a dot by the use of the abnormal nozzle and
corrects the N—vélued (N>2) data so as to form a compensation
dot, which has a color different from a color used by the

abnormal nozzle, in the wvicinity of a dot forming position. by

‘“the abnormal nozzle.

‘'That is, the present aspect provides an apparatﬁs for
generating only correction data without the prinfing means of
the image forming apparatusrdescribed above. Accordingly, in
the apparatus according to the present aspect, only by
transmitting the -generated correction data to a printer, the.
conventional inkjet printer can be used as it is. In addition,
similar to Aspect 1, it is possible to easily obfain a printed
matter with high quality in which the white stripe or the
deep-colored stripe is almost invisible.

[Aspect 38] According to Aspect 38 of the present
invention, there is provided a data generating apparatus for
generating N-valued (N(2) data used for a printer that forms a
predetermined image on a print medium by jetting an ink from a
plurality of nozzle modules, which are arranged in a print

head by colors, while moving one or both of the print medium
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and the print head, the data generating apparatus comprising:

a N-valued data acquiring means for acquiring the N-valued
(N(2) data; a print-head characteristic grasping means for
grasping a characteristic of the print head; and a data
correcting means for correcting the N-valued (N(2) data 5ased
on the characteristic of the print head grasped by the print-
head ‘characteristic graéping means, wherein when a dot is
formed by the use of an'abnormal nozzle detected by the print-
head charaéteristic grasping means, the data correcting means
corrects the N-valued (N(2) data so as to superpositionally
form a compensation dot having a different color by the use of
a normal nozzle in a nozzle module for the different color.

Accordingly, similar to Aspect 34, the conventional
inkjet printer can be used as it is. 1In addition, siﬁilar to
Aspect 2, it is possible to easily obtain a printed matter
with high éuality in which the white stripe or the deep-
colored stripe is almost invisible.

[Aspect 39] According to Aspect 39 of the present
invention, there is provided a computer-readable recording
medium in which the image forming program according to any one
of Aspects 13 to 24 is recorded.

Accordingly, the computer program according to any one
of Aspects 13 to 24 can be easily and surely provided‘to users
through the computer—réadable recording medium such as CD-ROM,
DVD-ROM, FD, a semiconductor chip.

[Aspect 41] According to Aspect 41 of the present
invention, there is provided a data generating program for
generating N-valued (N(2) data used for a printer that forms a

predetermined image on a print medium by jetting an ink from a
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plurality of nozzle modules, which are arranged in a print
head by colors, while moving one or both of the print medium
and the print head, the data generating program allowing a
computer to serve as: a N-valued data acquiring means for
acquiring the N-valued (N=2) data; a print-head characteristic
grasping means for grasping a characteristic of the print
head; and a da’;a correcting means for correcting the N-valued
(N>2) data based on the characteristic of the print head
grasped by the print-head characteristic grasping means,
wherein when a dot is formed. by the use of a normal nozzle and
an abnormal nozzle detected by the print-head characteristic
grasping means, the data correcting means serves to correct
the N-valued (N>2) data so as not to form a dot by the use of

the abnormal nozzle and to correct the N-valued (N>2) data so

as to form a compensation dot, which has a color different

from a color used by the abnormal nozzle, in the vicinity of a
dot forming position.by the abnormal nozzle.

Accordingly, it is possible to generate the N-valued
(N>2) data in which the dots having a different color are not
formed in the stripe portion (for example, a white stripe
portion when the print medium is white) ‘generated due to a
flight b‘ending phenomenon or the clogging of a nozzle.

Since the respective means can be embodied in software
by the use of PC or a general-purpose computer system, the
respective means can be economically and easily embodied in
comparison with the case that the respective means are
embodied in specific hardware. In addition, by rewriting a
part of the program, the version-up due to the change or

improvement in functions can be easily accomplished.
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[Aspect 42] According to Aspect 42 of the present
invention, .there is provided a data generating program for
generating N-valued (N22) daﬁa used for a printer that forms a
predetermined image on a print medium by jetting an ink from a
plurality of nozzle modules, which are arranged in a brint
head by colors, while moving one or both of the print medium
and the ’print head, the data generatiﬁg program allowing a
computer to serve as: a N-valued data acquiring means for
acquiring the N-valued (N22) data; a brint—head characteristic
grasping means for dgrasping a characteristic of the print
head; and a data correcting means for correcting the N—valued
(N>2) data based on the characteristic of the print head
grasped by the print-head characteristic grasping means,
wherein when a dot is formed by the use of an abnormal nozzle
detected by the print-head characteristic grasping means, the
data correcting means serves to correct the N-valued (N22) data
so as té superpositionally form a compensation dot having a
different color by the use of a normal nozzle in a nozzle
module for the di~ffe£ent color.

Accordingly, it 1is possible to generate the N-valued
(N>2) data in which the dots having a aifferent colof are not
formed in the stripe portion (for example, a white stripe
portion when the print medium is white) generated dué to a
flight bending phenomenon or the clogging of a nozzle.

Since the respec;cive means can be embodied in software
by the use of PC or a general-purpose computer system, the
respective means can be economically and easily embodied in
comparison with ‘the case that the respective means are

embodied in specific hardware. In addition, by rewriting a
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part of the program, the version-up due to the change or
improvement in functions can be easily accomplished.

[Aspect 43] ‘According to Aspect 43 of the present
invention, there is provided the data generating program
according to Aspect 41 or 42, the data generating prégram
allowing a computer to further execute a multi-dot forming
step of controlling the print head so as to form the
compensation dot greater than the dot formed by the use of ‘a
nozzle module including the abnormal nozzle.

Accordingly, it is possible to generate the N-valued
(N>2) data in which the white stripe is invisible to the naked
éye.

Since the respective means can be embodied in software
by the use of PC or the general-purpose computer “system, the
respective means can be economically and easily embodied in
comparison with the case that the respective means are
embodied in specific hardware. In addition, by rewriting a
part of the program, the version-up due to the change or
improvement in functions can be easily accomplished.

[Aspect 44] According to Aspect 44 of the present
invention, there 1s provided the data generating program
according to any one of Aspects 41 to 43, wherein the data
correcting steps serves to correct the N-valued (N22) data so
as to form the compensation dot earlier than dbts formed by
the use of the nozzle module including the abnormal nozzle.

Accordingly, the visibility of the white stripe portion
can deteriorateﬁ thereby making the white stripe invisible to
the naked eye. In addition, since the color of the

compensation dot is not viewed well, it is possible to
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satisfactorily avbid the geﬁeration of an unnatural color in
the white stripe portion.

Since the respective means can be embodied in software
by the use of PC or the general-purpose computer system, the
respective means can be economically ;nd easily embodied in
comparison with the case that the respectivé means are
embodied in specific hardware. In addition, by rewriting a
part of the program, the version-up due to the change or
improvement in functions can be easily accomplished.

[Aspect 45] = According to Aspect 45 of the present

invention, there is provided the data generating program

_according to any one of Aspects 41 to 44, wherein the data

correcting step serves to correct the N-valued (N22) data so as
to form, as the COﬁpensation. dot, a dot having a color of
which the concentration value or the Dbrightness value
approaches the éoncentration value or the brightness value of
the dot formed by the use of the abnormal nozzle by a
predetermined value of less.

Accordingly, the visibility‘ of the white stripe can
deteriorate, thereby making the white stripe invisible to the
naked eye. In addition, siqce the color of the compensation
dot is not viewed well, it ié possible to further deteriorate
the visibility of the color stripe resulting from the
corfection.

Since the respective means can be embodied in software
by the use of PC or the géneral—purpose computer system, the
respective means can be economically and easily embodied in
comparison with the case that the respective means are

embodied in specific hardware. In addition, by rewriting a
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part of the program, the version-up due to the change or
improﬁement in' functions can be easily accomplished.

[Aspect 46] According to Aspect 46 of the present
invention, there is provided the data generating program
according to any one of Aspects 41 to 44, wherein the data
correcting step serves to correct the N-valued (N>2) data such
thaf when the print head can form a plurality of colors of
dots and the color of the dot formed by the use of the
abnorma; nozzle is black, the compensation dot is formed by
combining the plurality of coioré. |

Accordingly, since the color having a great difference
in concentration with respect to black is not singly selected
for the compensation dot, it 1is possible to satisfactorily
deteriorate the visibility of the white stripe..

Since the respective means can be embodied in software
by the use of PC or the general-purpose computer system, the
respective means can be economically and easily embodied in
comparison with the .case that the respective means are
embodied in épecific hardware. In addition, by rewriting a-
part of the program, the version-up due to the change or
improvement in functions can be easily accomplished.

[Aspect 47] According to ‘Aspecf 47 of the present
invention, there 1s provided the data generating program
according to any one of Aspects 41 to 44, wherein the data
correcting step serves to correct the N-valued (N22) data such
that when the print head can form dots having four or more
colors including black, magenta, cyan, and yellow and the
color of the dot formed by the use of the abnormal nozzle is

black, a dot having a combination of magenta, cyan, and yellow,
45
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a combination of magenta and cyan, a combination of magenta
and yellow, a combination of dyan and yellow, or any oné of
magenta and cyan -is formed as the compensation dot.

Accordingly, since yellow having a greatest difference
in concentration with‘ respect to black is not singly selected
for the compensation dot, it is possible to satisfactorily
deteriorate the visibility of the‘white stripe.

Since the respective means can be embodied in software
by the use of PC or the general-purpose computer system, the
respective means can be economically and easily embodied in
comparison with the case that the respective means are
embodied in specific hardware. In addition, by rewriting a
part of the program, the version-up due to the change or
improvement in functions can be easily accomplished. |

[Aspect 48] According to Aspect 48 of the present

'invention, there is provided the data generating program

according to any one of Aspects 41 to 44, wherein the data

. correcting step serves to correct the N-valued ' (N22) data such

that when the print head can form dots having four—or more
colors including black, magenta, cyan, and yellow and t‘he
color of the dot formed by the use of the abnormal nozzle is
magenta, a dot having a black ‘color, a cyan color, or a
combination of cyan and yellow is formed as the compensation
dot . \

Accordingly, since the color having a great difference
in concentration with Trespect to magenta 1s not singly
selected for the compensation dot, it is possible to
satisfactorily deteriorate the visibility of the white stripe.

Since the respective means can be embodied in software
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by the use of PC or the general-purpose computer system, the
respective means can be economically and easily embodied in
comparison with the case that the respective means are
embodied in épecific hardware. In addition, by rewriting a
parf of the' program, the version-up due to the change or
improvement in functions can be‘easily aécomplished.

[Aspect 49] According to Aspect 49 of the present
invention, theie is provided the data generating program
according to any one of Aspects 41 to 44, wherein the data
correcting step serves to correct the N-valued (N=>2) data such
that when the pript head can form dots having four or more
colors including black, magenta, cyan,  and yellOW' and the
color of the dot formed by the use of the abnormal nozzle is
cyan, dots having a black color, a magenta color, or a
combination of magenta and yellow is formed as the
compensation dot.

Accordingly, since yellowlhaving a great difference in
concentration with respect to cyan is not singly selected for
the compensation ‘dot, it is possible to satisfactorily
deteriorate the visibility of the white stripe.

Since the respective means can be embodied in software
by the use of PC or the general-purpose computer system, the
respective means can' be economiéally and easily embodied in
comparison with the case that the respective means are
embodied in specific hardware. In addition, by rewriting a
part of the program, the version-up due to . the change or
improvement in functions can be easily accomplished.

[Aspect 50] According to Aspect 50 of the present

invention, there is provided the data generating program
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according to Aspect 49, wherein the data correcting step
serves to correct the N-valued (N=2) data such that when the
dot formed by the abnormal nozzle is continuous in the
printing direction, fwo or more of a dot having a combination
of magenta, cyan, and yellow, a dot having a combination of
magenta and cyan, and a dot having one of magenta and cyan are
alternately formed as the compensation dot.

Accordingly, it is possible to avoid the generation of
another colored stripe instead of the - white stripe, in
addition to the white stripe, thereby preventing another
colored stripe from being visible.

.Since the respective means can be embodied in software
by the use of PC or the general-purpose computer system, the
respective means can be economically and easily embodied in
comparison with the case that the respective means are
embodied in specific hardware. In addition, by rewriting a
part of the prégram, the version-up due to the change or
improvement in functions can be easily accomplished.

[Aspect 51] ° According to Aspect 51 of the present
invention, there is provided the data generating program
according to any one of Aspects 41 to 50, wherein the print-
head characteristic grasping step includes a print-head
characteristic storing step of storing nozzle characteristics
of the print head in advance, and wherein the print-head
characteristic grasping step serves to detect the abnormal
nozzle every nozzle module of the print head based on the

characteristics of the print head stored in the print-head

‘characteristic storing step.

Accordingly, since the abnormal nozzle of the print head
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can be accurately grasped, it is possible to optimally form
the compensation dot every print head, similar to the above-
mentioned aspects.

Since the respective means can be embodied in software
by the use of PC or the general—purﬁose computer system, the
respective means can be economically and easily embodied in
comparison with the «case that the respective means are
embodied in specific hardware. In addition, by rewriting a
part of the program, the version-up due to the change or
improvement in functions can be easily accomplished.

[Aspect 52] According to Aspect 52 of the present
invention, there 1is provided the data Qenerating program
according to any one of Aspects 41 to 51, wherein the print-
head characteristic " grasping step includes a  print-head
characteristic detecting step of detectiné the characteristic
of the print head from an image formed by the use of the print
head, and wherein the print-head characteristic grasping step
serves to detect the abnormal nozzle every nozzle module of
the print head based on the characteristic of the print head
detected in the print-head characteristic detecting step.

Accordinglyy it is possible to rapidly cope with the
replacement of the print head. In addition, even when the
print head varies in characteristic with wuse (whén a new
abnormal nozzle is generated), it is possible to flexibly cope
with the variation in characteristic with use, by allowing the
print-head characteristic detecting step to serve to detect
the characteristic of the print head from an image formed by
the use of the print head at a predetermined point of time.

Since the respective means can be embodied in software
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by the use of PC or the general-purpose computer system, the

respective means can be economically and easily embodied in
comparison with the case that the respective means are
embodied in specific hardware. In addition, by rewriting a
part of the program, the version-up due to the change or
improvement in functions can be easily accomplished. '

[Aspect 53] According to Aspect 53 of the present
invention, there 1is provided a computer-readable recording
medium in which the data generating program according to any
one of Aspects 41 to 52 is recorded.

Accordingly, the printing program according to any one
of Aspects 41 to 52 can be easily and surely pro'vided to users
through the computer-readable recording medium: such as CD-ROM,
DVD-ROM, FD, a semitconductor chip.

[Aspect 54] According to Aspect 54 of the present
invention, there is provided a data generating method of
generating N-valued (N22) data used for a printer that forms a
predetermined image on a'print‘medium by jetting an ink from a
pluralify of nozzle modules, which are arranged in a print
head by colors, while moving one or both of the print medium
and the print head, the data generating method comprising: a
N-valued data acquiring step of acquifing the N-valued (N=2)
data; a print-head characteristic grasping step of grasping a
éharacteristic of the print head; and a data corr’ecting step
of correcting the N-valued (N=>2) data based on the
characteristic of the print head grasped in the print-head
characteristic grasping step, wherein when a dot is formed by
the use of a normal nozzle and an abnormal nozzle detected in

the print—head characteristic grasping step, the data
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correcting step serves to correét the N-valued (N>2) data so
as not to form a dot by the use of the abnormal nozzle and to
correct the N-valued (N>2) data so as to form a compensation
dot, which hés a8 color different from a color used by the
abnormal nozzle, in the vicinity of a dot forming positién by
the abnormal nozzle.

Accordingly, it is possible to generate the N-valued
(N>2) data in which the dots having a different color are not
formed in the stripe portion (for example, a white stripe
portion when the print medium is whitef generated due to a
flight bending phenomenon or the clogging of a nozzle.

[Aspect 55] According to Aspect{255 of the present
invention, there is provided a data generating method of
generating N-valued (N>2) data used for a printer that forms ab
predetermined image on a print medium by Jjetting an ink from a
plurality of nozzle modules, which are arranged in a print
head by colors, while moving one or both of the print medium
and the print head, the data generating method comprising: a
N-valued data acquiring step of acquiring the binary data; a
print-head characteristic grasping step of grasping a
characteristic of the print head; and a data correcting step
of correcting the N-valued (N>2) data based on the
characteristic of the print head grasped in the print-head
characteristic grasping step, wherein when a dot is formed by
the use of an abnormal nozzle detected by‘ the print-head
characteristic grasping step, the data correcting step serves
to correct the N-valued (N>2) data so as to superpositionally
form a compensation dot having a different color by the use of

a normal nozzle in a nozzle module for the different color.
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Accordingly, it is possible to generate the N-valued
(N>2) data in which the dots having a different color are not
formed in the stripe portion (for example, a.white stripe
portion when the print medium is white) generated due to a
flight bending phenomenon or the clogging of a nozzle.

[Aspect 56] According to Aspect 56 of the present
invention, there is provided the data generating method
according to Aspect 54 or 55, wherein the compensation dot is
formed greater than the dot formed by the use of a nozzle
module including the abnormal nozzle.

Accordingly, it is possible to generate the ﬁ—valued
(N>2) data in which.the white stripe is invisible to the naked
eye.

[Aspect 57] According to Aspect 57 of the present
iﬂventién, there 1s provided the data generating method'
according to any one of As?ects 54 to 56, wherein the data
correcting steps serves to correct the N-valued (N=2) data so
as to form the compensaticn dot earlier than dots formed by
the use of the nozzle module including the abnormal nozzle.

Accordingly, the visibility of the white stripe portion
can deteriorate, thereby making the white stripe invisible to
the naked eye; In addition, since the <color of the
compensation dot is not viewed well, it is possible to
satisfactorily avoid the generation of an unnatural color in
the white stripe portion.

[Aspéct 58] According to Aspect 58 of the present

invention, there is provided the data generating method

" according to any one of Aspects 54 to 57, wherein the data

correcting step serves to correct the N-valued (N22) data so as
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to form, as the compensation dot, a dot having a color of

‘which the concentration value or the brightness value

approaches the concentration value or the brightness value of
the dot formed by the use of the abnormal nozzle by a
predetermined value or less.

Accordingly, the visibility of the white stripe can
deteriorate, thereby makiﬁg the white stripe invisible to the
naked eye. In addition, since the color of the compensation
dot is not viewed well, it is possible to further deteriorate
the wvisibility of- the color stripe resulting from the
correction.

[Aspect 59] According to Aspect 59 of the present
invention( there is provided the data generating method
according to any one'of Aspects 54 to 57, wherein the data
correcting stgp serves to correct the N-valued (N>2) data such
that when fhe print head can form a p;urality of colors of
dots and the color of the dot formed by the use of the
abnormal nozzle is black, the compensation dot is férmed>by
combining the pluralify of colors.

Accordingly, since the color having a .great difference
in concentration with respect to black is not singly selected
for the compensation dot, it is possible to satisfactorily
deteriorate the visibility of the white stripe.

[Aspect 60] According to Aspect 60 of the present
invention, there is provided the data generating method
according to any one of Aspects 54 to 57, wherein the data
correcting step serves to correct the N—valuedv(NZZ) data such
that when the print head can form dots having four or more

colors including black, magenta, cyan,  and yellow and the
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color of the dot formed by thé use of the abnormal nozzle is
black, a dot having a combination of magenta, cyan, and yelléw,
a combination of magenta and cyan, a combination of magenta
and yellow, a combination of cyan and yellow, or any one of
magenta and cyan is formed as the compensation dot.
Accordingly, since yellow having a greatest difference
in concentration With respect’ to black is not singly selected
for the compensation dot, it is possible to satisfactorily
deteriorate the visibiiity of the white stripe.’ |
[Aspect 61] < According to Aspect 61 of the present
invention, there ' is provided the data generating. method
according to any one of Aspects 54 to 57, wherein the data
correcting step serves .to correct the N-valued (N=2) data such
that when the print head can’ form dofs having four or more
colors including black, magenté, cyan, and yellow and the

color of the dot formed by the use of the abnormal nozzle is

'magenta, a dot having a black color, a cyén color, or a

combination of cyan and yellow is formed as the compensation
dot.

Accordingly, since the color having a great difference
in concentration with respect to magenta is not éingly
selected for the compensation dot, it is ©possible to
satisfactorily deteriorate the visibility of the white stripe.

[Aspect 62] According to Aspect 62 of the present
invention, there is provided the data generating method
according to any one of Aspects 54 to 57, wherein the data
correcting step serves to correct the N-valued (NéZ) data such
that when the print head can form dots having four or more

colors including black, magenta, cyan, and yellow and the
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color of the dot formed by theyﬁse of the abnormal nozzle is
cyan, dots having a black color, a magenta colof, or a
combination of magenta and vyellow is formed asv the
Coﬁpensation dot.

Accordingly, since yellow having a great difference in
concentration with respect to cyan is' not singly selected for
the compensation dot, it 1is possible to satisfactorily
deteriorate the visibility of the white stripe.

[Aspect 63] According to Aspect 63 of the present
invention, there 1is provided the data generating method
according to Aspect 60, wherein the data correcting step
serves to correct the N-valued (N>2) data such that when the
dot formed by the abnormal nozzle i1s continuous in the
printing direction, two or more of a dot having a combination
of magenfa, cyan, and yellow,‘a dot having a combination of
magenta and cyan, andla dot having one of magenta and cyan are
alternately formed as the compénsation dot.

Accordingly, it is possible to avoid the generation of
another Colofed~ stripe instead of the white stripe, in
addition to the white stripe, thereby preventing another
colored stripe from being visible.

[Aspect 64] Abcording to Aspect 64 of the present
invention, there is provided the data generating Imethod
according to any one of Aspects 54 to 63, wherein the print-
head characteristic grasping step includes a print-head
characteristic storing step of storing nozzle characteristics
of the print head in advance, and wherein the print-head
characteristic grasping step serves to detect the abnormal

nozzle every nozzle module of the print head based on the
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characteristics of the print head stored in the print-head
characteristic storing step.

Accordingly, since the abnormal nozzle of the print head
can be accurately grasped, it is Iﬁossible to optimally form
the compensation dot every print head, similar to the above-
méntioned aspects.

[Aspect 65] According to Aspect 65 of the presént
invention, there is provided the data generating method
according to any one of Aspects 54 to 64, wherein .i:he print-
head charac’i:eristic grasping step includes a print-head
characteristic detecting step of detecting the characteristic
of the print head from an image formed by the use of the print .
head, and wherein the print-head characteristic grasping step
serves to detect4the abnormal nozzle every nozzle module of
the print head based on the characteristic of the print head
detected in the print-head characteristic detecting step.

Accordingly, it is possible to rapidly cope with the
replacement of the print head. In addition, even when the
print head varies - in characteristic with -use (when a new
abnormal nozzle is generated), it is possible to flexibly cope
with the wvariation in characteristic with use, by allowing the

print-head characteristic detecting step to serve to detect

the characteristic of the print head from an image formed by

the use of the print head at a predetermined point of time.
[Aspect 66] According to Aspect 66 of the present
invention, there is provided an image forming apparatus that
forms a predetermined image with binary data on a print medium
by jetting an ink from a plurality of nozzle modules, which

are arranged in a print head by colors, while moving one or
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»both of the print medium and the print head, the image
forming apparatus comprising: a binary dafé. acquiring means
for acquiring the binary data; a print-head characteristic
grasping means for grasping a characteristic of the print
head; a data correcting means for correcting the binary data
based on the characteristic of the print head grasped by the
print-head characteristic grasping means; and a printing means
for performing the printing based on the corrected data output
from the data correcting means, wheréin.when a dot is formed
by the use of a normal nozzle and an abnormal nozzle detected
by the print-head characteristic grasping means, the data
correcting means corrects the binary data so as not to form a

dot by the use of the abnormal nozzle and corrects the binary

“data so as to form a compensation® dot, which has a color

different from a color used by the abnormal nozzle, in the
vicinity of a dot forming position by the abnormal nozzle.
Accordingly, similar to Aspect 1, since the dots having

a different color are formed in the stripe portion (for

' example, a white 'stripe portion when the print medium is

white) generated due to the flight bending phenomenon or the
clogging of a nozzle, the visibility of the white stripe
deteriorates and it is thus possible to remove the white
stripe or to make the white stripe invisible to the naked eye.
When an ink is jetted from the abnormal nozzle detected
by the print-head characteristic grasping means and the normal
nozzle adjacent to the abnormal nozzle, the dots are not
formed by the use of the abnormal nozzle, for example, by
stopping the Jjetting of the ink from the abnormal nozzle.

Accordingly, since the dots are not formed to overlap the dots
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at the normal position adjacent thereto, the deep-colored
stripe generated at the overlapping portion can Dbe
simultaneously removed.

As a resulf, it is possible to obtain a printed matter
with high quality in which the white stripe or the deep-
colored stripe is almost invisible to the naked eye, even by
the use of the print head generating the flight bending
phenomenon or the deviation in position of the nozzles. In
addition, the conventional inkjet printer can be used as the

printing means without any change.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1is a functionalv block diagram illustrating an
embodiment of an image forming apparatus according to the
present invention. -

Fig. 2 is a Dblock diagram illustrating a hardwaré
configurati&n of a coﬁputer system which emboaies the image
forming apparatus accofding to the present invention.

Fig. 3 4is- a flowchart illustrating an example of a
processing flow of an image forming method according to the
present invention.

Fig. 4 is a partially enlarged bottom view illustrating
a structure of a print head which is an object of the present
invention.

Fig. 5 is a partially enlarged side view illustrating a
structure of the print head which is an object of the present
invention.

Fig. 6 is a conceptual diagram illustrating an example

of a dot pattern formed by a normal print head, which does not
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cause a flight bending phenomenon.
Fig. 7 is a conceptual diagram illustrating an example

of a dot pattern formed through the flight bending phenomenon

. of one nozzle.

Fig. 8 is a conceptual diagram illustrating an example
of a dot pattern formed by the use of the image processing
method accordingAto the present invention.

Fig. 9 is a conceptual diagram illustrating an example
of a dot pattern formed through the flight bending phenomenon
of one nozzle.

Fig. 10 is a conceptual diagram illustrating an example
of a dot pattern formed by the use of the image forming method
according to the present invention.

Fig. 11 is a conceptual diagram illustrating an example
of a dot pattern formed by the use of the image forming method
according to the present invention.

Fig. 12 is a flowchart illustrating another example of
the processing flow of the image forming method according to
the present invention.

Fig. 13 is a conceptual diagram illustrating an example
of a dot pattern formed when the flight bending phenomenon
continuonsly occurs. |

Fig. 14 is a conceptual diagram illustrating an example
of a dot pattern formed by the use of the image forming method‘
according to the present invention.

Fig. 15 is a conceptual diagram illustrating an example
of a dot pattern formed by the use of the image forming method
according to the present invention.

Fig. 16 is a conceptual diagram illustrating an example
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of a dot pattern formed when the flight bending phenomenon
occurs severely andycontinuousl?.

Fig. 17 is a conceptual diagram illustrating an example
of a dot pattern formed by the use of the image forming method
according to the present invention.

Fig. 18 is a conceptuai diagram illustrating an example
that the image forming apparatus according to the present
invention is composed of a personal computer and a printer and
that the functions of the image forming apparatus are
distributed thereto.

Fig. 19 is an explanatory diagram illustrating a
difference in printing techﬁique between a multi-pass type
inkjet'printer (serial printer) and a line-head type inkjet
printer.

Fig. 20 1is a conceptual diagram illustrating another
example of the print head having a different structure.

Fig. 21 is a conceptual diagram illustrating an example
of a computer;readable recording medium in which an image
pfocessing program’ according to the present invention is

recorded.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, best modes for carrying out the present
invention will be described in detail with reference to the
accompanying drawings.

Fig. 1 is a functionél block diagram illustrating a
first embodiment of an image forming apparatus 100 according
to the present invention.

As ‘shown in the figure, the image forming apparatus 100
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approximately.inCludes a binary data acquiring means 10 that
acquires binary data, a print-head characteristic grasping
means 20 thatAgrasps a characteristic of a print head 200 to
be described iatér, a data correcting means 30 that corrects
the binary data based on the characteristic of the print'head
grasped by the print-head characteristic grasping means 20,
and an inkjet type printing means 40 that performs a printing
based on the corrected data output from the daté correcting
means 3Q.

First, the binary data acquiring means 10 provides a
function of acquifing' binary data for printing used in the
inkjet printing means 40 to be described later, that is, data
on whether a. predetermined color of dot should be applied to
each pixel or not, directly from a print instructing apparatus
such as a personal computer not shown §r converting printing
data transmitted from the print instructing apparatus into
binary data which can be used in the printing means 40 to be
described later. As deécribed above, the binary data inclﬁdes
information (N-valued) dn the size of a -dot at the time of
application of the dot, as well as information onv“whether a
predetermined color of dot should. be applied to each pixel”.

The print-head characteristic gﬁasping means 20 provides
a functionf of grasping (acquiring) a characteristic of the
print head 200 used in the inkjet printing means 40 to be
described later. More particularly, as shown in Figs. 4 and 3,
the print-head characteristic grasping means 20 serves to
check whether the flight bending phenomenon occuré in the
print head 200 uséd in the printing means 40 and to concretely

specify an abnormal mnozzle N causing the flight Dbending
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phenomenon when the flight bending phenomenon occurs.

Fig. 4 is a partially enlarged bottom view illustrating
a structure of the print head 200 which is an object of the
present inventiorn and Fig. 5 is a partially enlarged side view
thereof. _ |

As shown in Fig. 4, the print head 200 includes four
nozzle modules 50, 52, 54, and 56: a black nozzle module 50 in
which a plurality of nozzles N (18 in the figure) jetting only
a black  (K) ink are afranged. in a straight 1line, a yellow
nozzle module 52 in which a ’plurality of nozzl\es. N jetting
only a yellow (Y) ink are arranged in a straight 1ine, a
magenta nozzle module 54 in which a plurality of nozzles N,
jetting only a magenta (M) ink are arranged in a straight line,
and a cyan nozzle module 56 in which a plurality of nozzles N
jetting only a cyan (C) ink are arranged in a straight line,
which are integrally arrangéd to overlap with each other in
the printing direction.

Fig. 5 shows a state that the eighth nozzle N8 from the
left end in the black nozzle module 50 of the four nozzle
modules 50, 52, 54, and 56 causes the flight Dbending
phenomenon and the ink is jetted oblique from the nozzle N8 to
form a dot in the vicinity of the normal nozzle N7 neighboring
thereto.

" The print-head characteristic grasping means 20 is
provided with a print-head characteristic storing unit 22 or a
print-head characteristic detecting unit 24. By reading out
the characteristic of the print head 200 stored in advance in
the print-head characteristic storing unit 22 or reading out

the characteristic of the print head 200 detected by the
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print-head characteristic detecting unit 24, the print-head
characteristic grasping means 20 can easily grasp the
characteristic of the print head 200 as needed.

| Here, the print—head characteristic storing unit 22 is
composed of a storage means such as readable ROM or RAM in
which the result of‘a print-head characteristic test carried
out at the time of manufacturing the print head 200 is written.
The print-head characteristic detecting unit 24 detects the
characteristic of the print head 200 from the printing result
by the print head 200 using a scanner means periodically or at
the‘predetermined time and stores the test result along with
the data of the print-head characteristic storing unit 22 or
by overwriting the data, so as to cope with the change in the
characteristi¢c of the print head 200 after tuse for a
predetermined period of time.

When dots are for@ed by the use of. the abnormal nozzle
detected by the print-head characteristic grasping means 20
and a normal nozzle adjacent to the abnormal nozzle, the data
correcting means ' 30 provides a function of - correcting the’
binary data so as not to form the dots by the use of the
abnormal nozzle ana correcting the binary data so as to form
compensation dots having a different color by the use of .a
normal nozzle positioned in the vicinity of the abnormal
nozzle in a nozzle module having the different color.

The printing means 40 is an inkjet printer which forms a
predetermined image composed of a plurality of dots on the
print medium by jetting the ink in the form of dots from the
nozzle modules 50, 52, 54, and 56 provided in the print head

200 while moving one or both of the print medium (sheet) and
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vthe print head 200. The printing means includes, in addition
to the print head 200, a print head transfer mechanism (in
case of multi pass type) notvshown for reciprocating the print
head 200 over thé print medium (sheet) in its width direction,
a sheet transfer mechanism not shown for moving 'the print
medium (sheet), and a print control mechanism not shown for
controlling the Jjetting of the ink from the print head 200
based on the binary data.

The image forming apparatus 100 includes a computer
system for embodying various controls for printing or the
binafy data acquiring means 10, the print-head characteristic
grasping means 20, and the data correcting means 30 in
software. In the hatdware structure, as shown in Fig. 2,
various outer or inner buses 68 such as PCI ‘(Peripheral
Component Interconnect) buses or ISA (Industrial Standard
Architecture) buses connect CPU (Central Processing Unit)‘60
for carrying but various controls or operations, RAM (Random
Access Memory) 62 constituting a main storage, and ROM (Read
Only Memory) 64 to' each other. In addition,‘anlouter storage
(secondary storage) 70 such as HDD, an output unit 72 such as
the printing means 40, CRT, and an LCD monitor, an input unit
74 such as a manipulation panel, a mouse, a keyboard, and a
scanner: and a network L for communicating with the print
instructing apparatus not shown are connected to the buses 68
through an input and output interface (I/F) 66.

When it is powered on, the functions described above
embodied in software, by allowing the system program such as
BIOS stored in the ROM 64 to load various specific computer

programs stored in advance in the ROM 64 or various specific
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computer programs installed  in the storage 70 through a
storage medium such as  CD-ROM, DVD-ROM, and FD (Flexible Disk)
or through the communication network L such as Internet into
the RAM 62 and allowing the CPU 60 to carry out predetermined
controls and operations by the use of a variety of resoﬁrces
in response to instructions prescribed in the programs loaded
info the RAM 62.

Now, an example of a processing flow of an image forming
method using the image forming apparatus 100 having the above-
mentioned construction will be described mainly with reference
to the flowchart of Fig. 3.

First, the image forming apparatus 100 performs the
first step S100 when it is powered on and then predetermined
initial actions. for printing are finished. When a "print
instructing terminal such as PC 1is connected thereto, the-
binary data acquiring means 10 monitors whether a clear print
instruction is given from the print instructing terminal. When
it 4is determined that the print instruction is given (Yes),
the next 'step 85102 is performed, thereby checking- whether
binary data for printing are transmitted along with the print
instruction from the print instructing terminal.

As a result, when it is determined that the binary data
for printing is transmitted (fes), the next step S104 is
performed and the print-head characteristic grasping means 20
grasps (acquires) the characteristic of the print head 200 of
the printing means 40. When iti is determined even after
waiting for a predetermined period of time that the printing
data are not transmitted (No), it is replied to the print

instructing terminal that the printing is impossible and then
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the process is ended.

Then, a next step S106 is performed and when it is
determined based on the characteristic of the print head 200
grasped in the sStep S104 that the flight bending phenomenon
occurs (Yes), é next step S108 is performed. A necessary‘data
correcting process is performed to the binary data in the step
5108 and then in a next step S110, the corrected binary data
are output as the printing data for the printing means 40.

on the other hand, when it is determined in the step
$106 that the flight bending phenomenon‘dbes not occur (No),
the step S110 is performed and the transmitted binary data are
output as the printing data for the printing means 40 as it is.

Finally, in a step S112, the printing is performed by
the printing means 40 based on the output binary data and then
the procedure is finished.

Figs. 6 to 11 show an example of the data corfecting
process in the step S108.

Fig. 6 shows an example of a dot pattern (full
application) formed only by the use of the black nozzle module
50 of the normal print head 200 with no abnormal nozzle
causing the flight bending phenomenon‘shown in Fig. 4. Fig. 7
shows a state where the nozzle N8 in the black nozzle module
50 causes the flight bending phenomenon and the dots formed by
the use of the nozzle N8 are deviated toward the dots formed
by the normal nozzle N7 adjacent to the left side thereof as
shown in Fig. 5. As a result, a “white stripe” 1is generated-
between the dots formed by the use of the nozzle N8 and the
dots formed by the use of the nozzle N9 adjacent to the right

side thereof. The “white stripe” is a printed matter of “full

66



10

15

20

25

WO 2006/036023 PCT/JP2005/018507

application” as shown in Fig. 6 and 1s remarkably visibie to
the naked eye in case of a combination having extremely
different brightness such as a case where the print sheet is
white and the ink is Dblack, thereby extremely deteriorating
the quality of the prinfed matter. |

As a result, in the data correcting process according to
the present invention, the data are‘corrected so as to form
compensation dots having a different color at the position by
the use of the nozzle N positioned at the same position as the
nozzle N causing the flight bending phenomenon in another
nozzle module as shown in Fig. 4. Accordingly, as shown:in Fig.
8, the “white stripe” portion is covered and thus can
disappear or almost be invisible to the naked eye.
| At this time, by correcting the data so as to select a
color having a small difference in brightﬁess or concentration
in comparison with that of the dots causing the flight bénding
as the color of the compensation dots, it is possible to more
effectively make the “white stripe” portion invisible to the
naked eye.

By allowing the size of the compensation dost to be
greater than the genéral dot size, it is possible to surely
cover the “white stripef portion even when the nozzle forming
the compensation dots causes the flight bending phenomenon.

It may be impossible due to the positional relationship
between the nozzle modules 50, 52, 54, and 56. However, by
correcting the data so as to first form the compensation dots,
it is possible to avoid the possibility of making the
compensation dots visible to the naked eye.

In the example shown in Fig. 8, since the black nozzle
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N8 causes the flight bending phenomenon, an example where the
data correcting is performed such that the cyan nozzle N8
having the smallest difference in brightness with respect to
black is selected among the yellow nozzle N8, the magenta
nozzle N8, and the cyan nozzle N8 in the same column as the
black nozzle N8 from the other nozzle modules 52, 54, and 56
(thét is, fhe yellow nozzle having the largest difference in
briéhtness with respect to black is not selectéd) and the
compensation dots (large dots) 8’ are first formed in that
position by the use of the cyan nozzle N8. Accdrdingly, the
“white stripe” portion is covered and thus is removed or is
almost invisible to the naked eye. ‘

In the case shown in Fig. 7, a ‘case that thel data
correcting is performed So as to make the size. of the dots
formed by the use of the black nozzle N8, which causes the
flight bending phenomenon, large enough to cover the  “white
stripe” portion may be considered. However, in this case, the
amount of superposition on the normal dots at the left side
thereof increases ' and the concentration of that portion
increases, thereby generating a “deep-colored” stripe. This is
not preferable because 1t greatly deteriorates the imagé
quality, similar to the “white stripe”.

The size of dots formed by the use of the respective
nozzles N can be easily changed by adding a multi-dot forming
means not shown to the print head 200 and controlling the
amount of ink jetted from the multi-dot forming means. For
example, when the print head is provided with a piezoélectric
actuator, it is possible to easily form the dots having any

size by changing the voltage applied to the piezoelectric
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actuator.

Next, as shown in Fig. 9, when the flight bending
phenomenon extremely goes on and the dots formed by the use of
the black nozzle N8 are almost overlapped on the dots formed
by the use of the' black nozzle N7 located at the left side
thereof, -the “deep-colored stripe” as well as the “white
stripe” described above are simultaneously generated, because
the concentration of the overlapped portion becomes greater.

Accordingly, when the flight Dbending  phenomenon
extremely goes on and the dots due to the phenomenon are
greatly oyerlapped on other dots, the “deep-colored stripe as
well as the “white stripe” can be removed or made invisible to
the naked eye, by correcting the data so as to form the dots
having a different color in that portion as described above
and not to form the dots resulting in the great overlapping
(by the use of the nozzle N8) as shown in Fig. 10. When the
flight bending phenomenon extremely goes on and the dots due
toﬁthe phenomenon are greatlj overlapped on other dots, the
data correcting may be performed so as to form the dots by the -
use of the nozzle N8 causing the flight bending phenomenon,
but not by the use of the normal nozzle N7 overlapped
therewith. Then, even when the nozzle N7 is clogged, it is
possible to effectivel? use the nozzle N8.

When the compensation dots are formed as shown in Figs.
8 and 10, it is preferable that the compensation dots having a
color with a small difference in brightness with respect to
the original dots should be selected. However, when the same
color is selected, it is considered that the color forms a

stripe.
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Accordingly, as shown in Fig. 11, by correcting the
data. so as to alternately form compensation dots having
different colors, it is possible to prevent the generation of
the “color stripe” due to-the continuous dots having the same
color. In addition, since .that portion changes to black or
dark colors depending on the combination of colors (mixture of
colors), it is possible to make the “white stripe” more
satisfactorily invisible to the naked eye when surrounding
dots have a dark color such as black or cyan.

Next, Figs. 12‘ to 17 show a second embodimeht of the
image forming apparatus 100 according to the present invention.
That is, as shown in the flowchart of Fig. 12, the
present embodiment is similar to the first embodiment in the
steps S100 to $106, but when it is determined in the step S106

that the flight bending phenomenon occurs, it is checked in

‘the step S107 whether the flight bendihg ‘phenomenon

continuously occurs before performing the step S108. Depending
on the check result, the data are corrected by selective using
the compensation process and another compensation process.

Here, since the first data correcting of the step 5108
has been described above, its description is omitted. A
specific example of a second data correcting when it 1is
determined in the step S109 that the flight bending
continuously occurs (Yes) will be described.

Fig. 13 shows an exampie of a dot pattern formed when
the normal nozzle N9 as well as the nozzle N8 generates the
flight bending phenomenon toward the nozzle NI10 in the black
nozzle module 50.

When the flight bending phenomenon continuously occurs
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- and the flight behding is relatively small, the original
binary data can'be corrected so as to form large compensation
dots by the use of one or both of other nozzles corresponding
to the nozzle N8 ‘and the nozzle N9 as shown in Fig. 14 or 15.
As a result, the relatively large “white stripe” occurriﬁg in
the meantime can be surely covered with the compensation dots,
thereby removing or making the gwhite stripe” almost invisible
to the naked eye.

As shown in Fig. 16, when the nozzle N8 and the nozzle
N9 all generate the large Iflight bending and the dots
therefrom are overlapped on the adjacent normal dots, thevdata
can be corrected so aé to stop the formation of dots by the
use of the nozzle N8 and the nozzle N9 generating the flight
bending phenomenon (to thin out the dots) and to form only the
compensation dots, similar to the first embodiment. As a
result, similar to the first empodiment, it is possible to
avoid the generation of the “deep-colored stripe” formed on
both sides of the “white stripe” as well as the “white stripe”
at the same time.

In this way, when two lines of dots are thinned out énd
only the compensation dots are formed, that portion is widened
in comparison with the case that one line of dots is thinned
out. Accordingly, wheﬁ the compensation . dots haviné the same
color are formed, the color may form a stripe. As a result, as
shown in Fig. 17, by alternately forming compensation dots
having various colors so that the same color is not continuous,
it is possible to avoid the generation of the “color stripe”.
Iﬁ addition, by combining a plurality of colors, the color of

the compensation dots can approach the ~color of the normal
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dots.

In the present invention, since the dots having the
different colors are formed in the white stripe portion
generated due‘to'the flight bending phenomenon, the visibility
of the white stripe deteriorates, thereby removing or making
the white stripe almost invisible to the naked eye.

When the ink is Jjetted from the abnormal nozzle
generating the flight bending phenomenon and the normal nozzle
adjacent to the abnormal nozzle, the data are corrected so’as
to stop the Jjetting of the ink from the abnormal nozzle,
thereby not overlapping the dots on the dots at the normal
position in the vicinity of the abnormal position. Accordingly,
it is possible to remove the deep-colored stripe generated in
the overlapping portion.

As a result, it is possible to obtain a printed matter
with high quality even from the print head (printer)
generating the flight bending phenomenon, in which the white
stripe or the deep-colored stripe is almost invisible.

In the present invention, since the original binary data
are corrected based on the characteristic of the print head
without changing the conventional printing means 40 itself, it
is possible to use the conventional specific . inkjet printer
itself as the printing means 40. In addition, by separating
the printing means 40, the print instructing terminal such as
PC can generate the corrected binary data.

As shown in Figs. 18(A) to 18(C), the image forming
apparatus 100 according to the present invention may be
composed of a personal computer (PC) and a printer and the

functions of the elements may be divided and incorporated into
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the PC and the\printer. For example, only the binary data
acquiring means 10 or the binary data acquiring means 10 and
the print-head characteristic graéping means 20 may Dbe
embodied in the PC, and the data correcting means 30 and the
printing means 40 may be embodied in the printer.
When the constructibn that the printing means 40 is
exciuded from the image forming apparatus 100, that is, the
construction inéluding the binary data acquiring means 10, the

print-head characteristic grasping means 20, and the data

. correcting means 30, is embodied in the personal computer, it

is possible to provide a data ‘generating apparatus for
supplying the correction data to the conventioﬁal printer. By
using hérdware resources such as the personal computer, it is
possible to embody the binary data acquiring means 10, the
print-head characteristic grasping means 20, and the data
correcting means 30 in software (data generating program),
respectively.

To the case that the Jjetting direction of ink is
vertical (normal) but the forming position of the nozzle 1is
deviated from the normal position so as for the dots to cause
the same result as the flight bending phenomenon, as well as
the case that the flight bending phenomenon occurs, the
present invention can be applied. |

The image forming apparatus 100 according to the present
invention .can be applied to a multi-pass type inkjet printer
(serial printer) as well as a line-head type inkjet printer.
In case of the line-head type inkjet printer, it is possible
to obtain a printed matter with high quality, in 'which the

white stripe or the deep-colored stripe is almost invisible,
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by means of a single scan (single pass) even when the flight
bending phenomenon occurs. In case of the multi-pass type
inkjet printer (serial -printer), the number of times for
reciprocation can be reduced, thereby enabling the printing at
a speed higher than that of the conventional case.

Fig. 19 shows the respective printing methods of ‘the
line-head type inkjet printer and the multi-pass type inkjet
printer (serial printer).

As shown in Fig. 19(A), it is supposed that the width
direction of a rectangular print sheet P is. the arrangement
direction of the‘ nozzles with respect to image data
(arrangement direction of a head) and the 1length direction
thereof is the printing direction of the image data (sheet
transfer direction). Then, in the line-head type inkjet
printer, as shown in Fig. 19(B), the print head 200{ has a
length corresponding to the width of the print sheet P and
completes the printing with a so-called single scan (single
pass) by fixing the print head 200 and moving‘the print sheet
P in the printing direction with respect to the print head 200.
The printing may be performed while fixing the print sheet P
and moving the print head 200 in the sheet transfer direction
like a flat bed type scanner or while moving both in the
opposite directions. . On the contrary, inﬁthe multi-pass type
inkjet printer (serial printer), as shown in Fig. 19(C), the
print head 200 having a length much smaller than the width of
the printing sheet is located in a direction perpendicular to

the nozzle arrangement direction and the printing is performed

by moving the printing sheet P by a predetermined pitch in. the

sheet transfer direction while reciprocating the print head in
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the nozzle arrangement direction several times. Therefore,
the multi-pass type inkjet printer (serial printer) has a
disadvantage thaf the printingrtime is longer than that of the
line-head type inkjet printer. However, since the print head
200 can be repeatedly located at a position, the multi-pass
type inkjet printer (serial printer) can accomplish the
reduction of the white stripe. among the flight Dbending
phenomenon to some extent.

Although the inkjet printer performing the printing by
jetting an ink in dot shapes has been exemplified in the
present embodiment, the present invention can be applied to
other printers, having a print head in which printing nozzles
are arranged in a line shape, such as a thermal head printer
which is also referred to as a thermal transfer printer or an
electrothermal printer.

In Fig. 3, the respective nozzle modules 50, 52, 54, and
56 provided in the print head 200 for each color have a shape
that the nozzles N are continuously arraﬁged. in a stréight
line shape in the' length direction of the print head 200.
However, as shown in Fig. 20, the nozzle modules 50, 52, 54,
and 56 may be composed of a plurality of short nozzle units
50a, 50b, .., and 50n and the noézle units may be arranged at
the front and rear sides in the moving direction of the print
head 200. Specifically, when each nozzle module 50, 52, 54, or
56 is composed of a plurality of short nozzle units 50a, 50b,
.., and 50n, it is possible to substantially shorten the
distance between dots without decreésing the actual distance
petween dots (pitch) of the respective nozzle units 50a, 50b,

.., 50n. Accordingly, it is possible to easily cope with images
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with a high resolution.
The respective means and steps for embodying the image

forming apparatus 100 or the image forming method according to

the present invéntion described above can be embodied in

software by the use of a general-purpose computer system such
as a personal cbmputer. The computer program can be
incorporated into a product in a state where the program is
stored in advance in a semiconductor ROM or can be delivered
through a network sﬁch as Internet. In addition, the computer
program can be easily provided to users through a computer-
readable recording medium R such‘as CD-ROM, DVD-RQM, and FD as

shown in Fig. 21.
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CLAIMS

1. An image forming apparatus that forms a predetermined
image with binary data on a print medium by jetting an ink
from a plurality of nozzle modules, which are arranged in a

print head by colors, while moving one or both of the print

‘medium and the print head, the image forming ‘apparatus

compfising:

a binary data acquiring means for acquiring the binary
data;

a print-head Characteristic grasping means for grasping
a characteristic of the print head;

a data correcting means for correcting the binary data
based on "the characteristic of the print head grasped by the
print-head characteristic grasping means; and

a printing means for performing the printing based on
the corrected data output from the data correcting means,

wherein when a dot is formed by the use of a normal
nozzle and an abnormal nozzle detected by the print-head
characteristic grasping means, the data correcting means
corrects the binary data so as not to form a dqt by the use of
the abnormal nozzle and corrects the binary data so as to form
a compensation dot, which has a color different from a color
used by the abnormal nozzle, in the vicinity of a dot forming:
position by the abnormal nozzle.

2. An image forming apparatus that forms a predetermined
image with binary data on a print medium by jetting an ink
from a plurality of nozzle modules, which are arraﬁged in a

print head by colors, while moving one Or both of the print
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medium and the print ﬁead, the image forming apparatus
comprising:

a binary data acquiring means for acquiring the binary
data;

a print-head characteristic grasping means for grasping
a characteristic of the print.head;

a data correéting means for correcting the binary data
based on the characteristic of the print head graspeé by the
print-head characteristic grasping means; and

- a printing means for performing the'prihting based on
the corrected data output from the data correcting means,

wherein when a dot is formed by the use of an abnormal
nozzle detected by the print-head characteristic grasping
means, the data correcting means corrects the binary data so
as to superpositionally form a compensation ‘dot having a
different color by the usé of a normai nozzle in a nozzle
module for the different color.

3. The image forming apparatus according to Claim 1 or 2,
further comprising a multi-dot forming means for controlling
the print head so as'to form the compensation dot greater than
the dot formed by the use of a nozzle nmdule including the
abnormal nozzle.

4. The image forming apparatus according to any one of
Claims 1 to 3, wherein the data Eorrectinq means corrects the
binary data so as to form the compensation dot earlier than
dots formed by the use of fhe nozzle module including the
abnormal nozzle.

5. The image forming apparatus according to any one of

Claims 1 to 4, wherein the data correcting means corrects the
78



10

15

20

25

WO 2006/036023 } PCT/JP2005/018507

binary data so as to form, as the compensation dot, a dot
having a color of which the concentration value or the
brightness value approaches the concentration value Qr‘ the
brightness vaiue'of the dot formed by the use of the abnormal
nozzle by a predetermined value or less. |

6. The image forming apparatus according to any one of

Claims 1 to 4, wherein the data correcting means corrects the

binary data such that when the print head can form a plurality

. of colors of dots and the color of the dot formed by the use

of the abnormal nozzle is black, the compensation dot is
formed by combining the plurality of colors.

7. The image formiﬁg apparatus according to any one of
Claims 1 to 4, wherein the data correcting means corrects the
binary data such that when the print head can form dots having
four or more‘célors including black, magenta, cyan, and yellow
and the color of the dot formed by the use of the abnofmal
nozzle is black, a dot having a combination of magenta, cyan,
and yellow, a combination of magenta and cyan, a combination
of magenta and yellow, a combination of cyan and yellow, or
any one of magenta and cyan is formed as the compensation dot.

8. The image forming apparatus according to any one of
Claims 1 to 4, wherein the data correcting means corrects the
binary data such that when the print head can form dots having
four or more colors including black, magenta, cyan, and yellow
and the color of the dot formed by the use of the abnormal
nozzle is magenta, a dot having a black color, a cyan color,
or a combination of cyan and yellow is formed as the
compensation dot.

9. The image forming apparatus according to any one of
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Claims 1 to 4, wherein thé data correcting means corrects the
binary data such that when the print head can form dots having
four or more colors incluaing black, magenta, cyan, and yellow
and the color of the dot formed by the use of the abnormal
nozzle is cyan, dots having a black color, a magenta colo?, or
a combination of magenta and yellow is formed as the
compensation dot.

10. The image forming apparatus according to Claim 7,
wherein the data correcting: means corrects the binary data
such that when the dot formed by the abnormal nozzle 1is
continuous in the printing direction, two or more of a dot
having a combination of magenta, cyan, and -yellow, a dot
having a combination of magenta and cyan, and a dot having one
of magenta and cyan are alternately formed as the compensation
dot.

11. The image forming apparatus according to any one of
Claims 1 to 10, wherein the print-head characteristic grasping
means includes a print-head characteristic storing unit in
which nozzle characteristics of the print head are stored in
advance, and

wherein the print-head characteristic grasping means
detects the abnormal nozzle every nozzle module of the print
head based on the characteristics of the print head stored in
the print-head characteristic storing unit.

12. The image forming apparatus according to any one of
Claims 1 to 9, wherein the print-head characteristic grasping
means includes a print-head characteristic detecting unit for
detecting the characteristic of the print head from an image

formed by the use of the print head, and
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wherein the print-head characteristic grasping means
detects the'abnormal nozzle every nozzle module of the print
head based on the characteristic of the print head detected by
the print—headvcharacteristic detecting unit.

13. An image forming program for forming a predetermined
image with binary data on a print medium by jetting an ink
from a plurality of nozzle modules, which are arranged in a
pfint head by colors, while moving one or both of the print
medium and the print head, the image forming program allowing
a computer to execute:

a binary data acquiring step of acquiring the Dbinary

data;

a prinf—head characteristic grasping step of grasping a
characteristic of the print head;

a data correcting step of correcting the binary data
based on the characteristic of the print head grasped in the
print-head characteristic grasping step; and

a printing step of performing the printing based on the
corrected data obtained in the data correcting step,

wherein when a dot is formed by the use of a normal
nozzle and an abnormal nozzle detected in the print-head
characteristic grasping step, the data correcting step serves
to correct the binary data so as not to form a dot by the use
of thé abnormal nozzle and to correct the binary data so as to
form a compensation dot, which has a color different from a
color ﬁsed by the abnormal nozzle, in the vicinity of’a dot
forming position by the abnormal nozzle.

14. An image forming proéram for forming a predetermined

image with binary data on a print medium by Jjetting an ink
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from a plurality of nozzle modules, which are arranged in a
print head by colors, while moving one or both of the print
medium and the print head, the image forming program allowing
a computer to execute:

a binary data acquiring  step of acquiring the binary
data;

a print-head characteristic grasping step of grasping a
characteristic of the print head;

a aata correctihg‘ step of correcting the binary data
based on the characteristic of the print head grasﬁed in the
print-head characteristic grasping step} and

a pfinting step of performing the printing based on the
corrected data obtained in the data correcting step,

wherein when a dot is formed by the use of an abnormal
nozzle detected in the print-head characteristic grasping step,
the data correcting step serves to correct the binary data S0 |
as to superpositionally form a compensation dot having a
different color by the use of a normal nozzle in a nozzle
module for the differentlcolor.

15. A computer—readable recording medium in which the
image forming program according to Claim 13 or 14 is recorded.

16. An image forming method of forming a predetermined
image with binary data on a print medium by jetting an ink
from a pluralitonf nozzle modules, which are arranged in a
print head by colors, while moving one or both of the priﬁt
medium and the print head, the image forming method
comprising:

a binary data acquiring step of acquiring the binary

data;
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a print-head characteristic grasping step of grasping a
characteristic of the print head;

a data correcting step of correcting the binary data
based on the characteristic of the print head grasped in the
print-head characteristic grasping step; and

a printing step of performing the printing based on the
corrected data obtained in the data correcting step,

wherein when a dot is formed by the use of a normal
ﬁozzle and an abnormal nozzle detected in the print-head
characteristic grasping step, the data correcting step serves
to correct the binary data so as not to form a dot by the use
of the abnormal nozzle and to correct the binary data so as to
form a compensation dot, which has a color different from a
color used by the abnormal nozzle,' in the vicinity of a dot
forming position by the abnormal nozzle.

17. An image forming method of forming a predetermined
image with binary data on a print medium by Jetting an ink
from a plurality of nozzle modules, which are arranged in a
print head by colors, while moving one or both of the print
medium and the ©print head, the 1image forming method
comprising: |

a binary data acquiring step of acquiring the binary
data;

a print-head characteristic grasping step of grasping a
characteristic of the print head;

a data correcting step of correcting the binary data
based on the characteristic of the print head grasped in the
print-head characteristic grasping step; and

a printing step of performing the printing based on the
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corrected data obtained in the data correcting step,

wherein when a dot is formed by the'use of an ébnormal
nozzle detected in the print-head characteristic grasping step,
the data borrectingestep serves to correct the binary data so
as to superpositionally form a compensation dot having a
different color by the use of a normal nozzle in a nozzle
module for the different color.

18. A data generating apparatus for generating binary
data used for a printer that forms a predetermined image on a
print medium by jetting an ink from a plurality of nozzle
mddules, which are arranged in a print head by colors, while
moving one or both of the print.medium and the print head, the
data generating apparatus comprising:

a binary data acquiring means for acquiring the binary
data;

a print-head characteristic grasping means for grasping
a characteristic of the print head; and

" a data correcting means for correcting the binary daté

based on the characteristic of the print head grasped by the
print-head characteristic grasping means,

wherein when a dot is formed by the use of a normal
nozzle and an abnormal nozzle detected by the print-head
characteristic grasping means, the data correcting means
corrects the binary data so as not to form a dot by the use of
the abnormal nozzle and corrects the binary data so as to form
a compensation dot, which has a color different from a color
used by the abnormal nozzle, in the vicinity of a dot forming
position by the abnormél nozzle.

19. A data generating apparatus for generating binary
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data used for a printer that forms a predetermined image on a

print medium b?’ jetting an ink from a plurality of nozzle
modules, which are arranged in a.print head by colors, while
moving one or both of the print medium and the print head, the
data génerating apparatus comprising:
! binary data acquiring means for acquiring the binary
data} -
| a print-head characteristic grasping means for . K grasping
a characteristic of the print head; and

a data correcting means for correcting the binarj data
based on the characteristic of the print head grasped by the
print-head characteristic grasping means,

wherein when a dot is formed by the use of an abnormal
nozzle detected by the print-head characteristic grasping
means, the data correcting means corrects the binary data s0
as to superpositionally form a compehsétion dot having a
different color by the usé of a normal nozzle in a nozzle
module for the different color.

20.. A data‘ generating program for generating binary data
used for a printer that forms a predetermined image on a print
medium by jetting an ink from a plurality of nozzle modgles,
which are arranged in a print head by colors, while moving one
or both of the print medium and.!the print head, the data
generating program allowing a computer to serve as:

a binary data acquiring means for acquiring the binary
data;

a print-head characteristic grasping means for grasping
a characteristic of the print head; and‘

a data correcting means for correcting the binary data

85



10

15

20

25

WO 2006/036023 PCT/JP2005/018507

_based on the characteristic of the print head grasped by the
print-head characteristic grasping means, '

wherein when a dot is formed by the use of a normal
nozzle and an abnormal nozzle_ detected by the print-head
characteristic grasping means, the data correcting means
serves to correct the binary data so as not to form a dot by
the use of the abnormal nozzle and to correct the blnary data
so as to form a compensation dot, which has a color .different
from a color used by the abnormal nozzle, iﬁ the vicinity of a
dot forming position by the abnormal nozzle.

21. A data generating program for generating binary data
used for a printer that forms a predetermined image o6n.a print
medium by jetting an ink from a plurality of nozzle modules,
which are arranged in a print head by colors, while moving one
or both of the print medium and the print head, the data
generating program allowing a computer to serve as:

a binary data acquiring means for acquiring the binary
data;

a print-head characteristic grasping means for grasping
a characteriofic of the print head; and

a data correcting means for correcting the binary data
based on the charactoristic of the print head grasped by the
print-head characteristic grasping means,

wherein when a dot is formed by the use of an abnormal
nozzle detected by the print-head characteristic grasping
means, the data correéting means serves to correct the binary
data so as to superpositionally form a compensation dot having
a different color by the use of a normal nozzle in a nozzle

module for the different color.
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'22: A computer-readable recording medium in which the
data generating proéfam according to Claim 20 or 21 1is
recorded.

23. A data generating method of generating binary'data
used for a printer that forms a predetérmined image on a print
medium by jetting an ink from a plurality of nozzle modules,
which arém;;ranged in a print head by colors, while moving one
or both of the print medium and the print head, the data
generating method comprising:

a binary data acquiring step of acquiring the binary
data;

a print-head characteristic grasping step of grasping a
characteristic of the pfint head; and

a data correcting step of EOrrecting the binary data
based on the .characteristic of the print head grasped in the
print-head characteristic grasping step,

wherein when a dot is formed by the use of a normal
nozzle and an abnormal nozzle detected in the print-head
characteristic grasping step, the data correcting step serves
to correct the binary data so as not to form a dot by the use
of the abnormal nozzle and to correct the binary data so as to
form a compensation dot, which has a color different from a
color used by the abnormal nozzle, in the vicinity of a dot
forming position by the abnormal nozzle.

24. A data generating method of generating binary data
used for a printer that forms a predetermined image on a print
medium by jetting an ink from a plurality of nozzle modules,
which are arrange& in a print head by colors, while moving one

or both of the print medium and the print head, the data
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generatiﬁg method comprising:
a binary data acquiring step of acquiring the binary

data;
a print-head characteristic grasping step of grasping a
characteristic of the print head; and

a data correcting step of correcting the binary data
based on the characteristic of themﬁrint head grasped in the
print-head characteristic grasping step,

wherein when a dot is formed by the use of én abnormal
nozzle detected by the print-head characteriétic grasping step,
the data correcting step serves to correct the binary data so
as to superpositionally form a compensation dot having a

different color by the use of a normal nozzle in a nozzle

module for the different color.
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