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1 l Recording Apparatus for Performing _ %7

‘ : Recording Using Retording Head

; BACKGROUND OF THE INVENTION

5 jFiel& of the Invention
%ghe-present inventionlrelates to an image fo:ming
B “appapétus and an iﬁage reading apparatus_and, more |
pArticularly, to an image forming apparatus and an
, image reading apparatus for the image forming apparatus
jio' for performing image formatioq ﬁsing a recording head
hhaving an array of a plurality of recording eiements.
; More particularly, the present invention relates
to.an apparatus having a mechanism for au;omati¢ally
adjusting print characteristics of a recording head in
15 . an ink-jet recording apparatus and is especially
‘effective in an apparatus for forming a multi-gradation
colox image by:overlapping'ink qroplets.

Related Background Art

g . Along with de#elopment of information processing
"féo equipment (e.g., a copying machine, a wordprocessor,é'
g and a computer) and communication equipment,

“ apparatuses for berforming digital image recording
using a recording head by using an ink-jet écheme;'a
thermal transfer scheme, or the like have been very

25 popular as imaée forming (recoiding) apparatuses for
_ eﬁuipment such as information processing equipment and

communication equipment. In such a recording
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appara@us, a recording head having an array of a
plurafity of recording elements (to be referred to as a
multi-head hereinafter) is generally used to increase a
recording speed.

For example, a multi-nozzle head having a

plurality of ink orifices and a plurality of liquid

paths is generated used in an ink-jet recording head.

A plurality of heaters are generally étacked in a
thermal transfer or thermal head. .

It is very difficult to uniformly manufacture
recording elemenés of a multi-head due to variations in
characteristics during the fabrication process and'
variations in properties of head constituting

materials. Variations occur in the characteristics of

‘the respective recording elements. For example, in the .

above multi-nozzle head, variations occur in shapés of
the orifices and liquid paths. 1In the above thermal
head, shapes of heaters and resistances inevitably -
vary. Nonuniformity of characteristics between the
recording elements appears as nonuniformity of sizes of
dots recorded by the respective recording elements and
as uneven image'densities of the resultant:image.

To cope with the above problems, varidﬁs methods
are préposed in which an uneven image density is
visuélly found or an adjusted image is visually
checked, a signal applied to each recording element is

manually corrected, thereby obtaining a uniform image.
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For example, in a multi-head 330 having recording
elements 331 arranged as shown in Fig. 1A, assume that
input signals to the respective recording elehents are
uniformed, as shown in Fig. 1B, and that an uneven
image density is visuaily found, as shown in Fig. 1C.
In this case, an input signal is corrected, as shown in_
Fig. 1D. More specifically, éilarge-iﬁput signal is
supplied to a recording element correspoﬁding to a low
image density, and a small input signal is supplied.to
a recording element corresponding to a high iﬂaée
density, thereby generally performing manual
adjustment.

In a recording scheme capable of modulating a-aot
diameter or dot density, the diameter 6f a dot to be
recorded by each recording element is modulated in

accordance with an input to achieve gradation

‘recording. For example, if modulation of a drive

voltage applied to each injection enérgy generating -
element (e.g., a piezoelectric element or an
electricity—ﬁeat conversion element) in an ink-jet
recording head according to a piezoelectric scheme or a
scheme utilizing heat ehergy, or a drive vdltage
applied to each heater in a thermal head orfa pulse
width of the dri&e voltage in accordance with an iﬁput
signal is utilized, a dot diameter or a dot density”by
each iecording element can be uniformed, and a density

distribution can be uniformed, as shown in Fig. 1E.
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Alternatively, assume that it is difficult to modulate
a.drive vbltage or pulse width or it is difficult to
perform density adjustment in a wide range even if the
drive voltage or pulse width is mbdulated. In this

case, if one pixel is constituted by, e.g., a plurality

- of dots, the number of dots to be recorded in

accordance with an input signal is modulated. A larger
number of dots are aésigned to a portioﬁ having a low
density, while a smaller number of dots are assigned to
a portion having a high density. If one pixel is

constituted by one dot, the number of orifice-use times

" (the number of injection cycles) per pixel is modulated

in the ink-jet recording apparatus, thereby changing
the dot diameter. Therefore, the density distribution
can be uniformed, as shown in Fig. 1E.

Japanese Patent Laid-Open Application No. 57-41965
filed by the present applicant discloses that a color
image is automatically read by'an optical sensor,iand a
correction signal is supplied to each ink-jet recording
head to form a desired color image. In this prior-art
inventi&n, basib automatic adjustment is disclosed, and
an important technique is thus disclosed. . Various
problems may be posed when this pfior—art inventiOn is
embodied in a variety of practicalﬁabplications as
various apparatuses. However, technical problems of
the present invention are not found in this prior-art

invention.
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Techniques except for a density detection scheme
are disclosed in Japanese Laid-Open Patent Application
No. 60-206660, U.S. Patent 4,328,504, and Japanese

Patent Laid-Open Application Nos. 50-147241 and

' 54-27728. A landing'position of a liquid droplet is

automatically read, and the read position data is

corrected to perform landing to an accurate positionl
Although these schemes are common as automatic ‘
adjustment techniques, the technical problems of the
present invention are not found in these prior-art
inventions.

According to the above method, even if an uneven
image density can be corrected once, a correction
quantity of an input signal must be changed when the
uneven image density is changed. In an ink-jet head, a
precipitate of an ink may be attached to a portion near
an ink orifice, or a foreign substance may be attached
thereto, and the density distribution may often be
changed. 1In thermal transfer, degradation of each
heater and its change of properties occur to result in
a change in density distribution. 1In this_casé, an
initial input correction quantity-doéé not allow
sufficient uneven image density cdrrectiéﬁ;?,For this
reason, an uneven image density“bécoﬁes cdﬁspicuous in
long-term use, resulting in inconQénience.

In order to cope with the above problem, an uneven

image density reading unit is arranged in an image
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forming apparatus, and an uneven image density
distribution within the array of recording elements is
periodically read to rewrite an unevenness correction
data, thus providing an effective countermeasure.
According to this technique, even if the uneven image
density-distribution of the‘head is changed, the
unevenness correction data is rewritten accordingly,

thereby always obtaining a uniform image free from

.unevenness. Such an. image recording apparatus is

proposed by the present applicant (U.S.S.N. 480,041
filed on February 14, 1990; and U.S.S.N. 516,129 filed
on April 27, 1990).

A schematic arrangement obtained by applying the
above proposal to an ink-jet recording apparatus is
shown in Fig. 2.

Multi-nozzle ink heads 1C, 1M, lf, and 1Bk are of
a cyan ink, a magenta ink, a yellow ink, and a black
ink, respectively. -Each ink-jet head has a density”df
400 dpi,_the number of nozzles as 4;736, and a width of
about 300 mm and can selectively inject an ink (i.e.,
so-called on-demand scheme) for a recording material of
a fixed A3 size (latitude: 297 mm) or lesé;guch as a_
recording material of a B4 or A4 size upoﬁ'ﬁovement of
the recording material. An imége'can be formed on the
entire surface of the récording material upon a singlé

movement of the recording material.
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This ink-jet head can be realized by an ink-jet
head for supplying electrical pulses to heating
resistor elements formed utilizing, e.g., a
semiconductor fabrication process; to heat an ink so as
to form a bubble, thereby injecting an ink droplet by

its pressure. By utilizing four these ink-jet heads, a

high-speed full-color image recording apparatus having

a speed of about 30 cpm (copies per minute) can be
arranged. The full-color image recording apparatus
includes a cassette 602 for storing recording materials
603 (not'shown in Fig. 2). The récording material 603
(not shown in Fig. 2) is picked up by a pickup roller.
604 and is electrostatically attracted to a conveyor
belt 608 through first resist rollers 605, a guide
plate 606, and second resist rollers 607, so that
ink-jet recording is performed on a platen 609;

When normal ink-jet recording is to be performed,
a test pattern reading system consisting of a lamp
source 610 and an optical sensor 611 is not operated.

The recording material on which a desired image is

' recorded is discharged onto a discharge tray 614

through a guide plate 612 and discharge rollers 613.
When ink-jet recording of a test patterh for

correcting an uneven image density .is to be performed,

‘the test pattern reading system consisting of the lamp

source 610'and the optical sensor 611 is operated.

More specifically, the lamp source 610 is turned on,
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and the optical sensor 611 receives light reflected by
the recorded test pattern and outputs an electrical
signal proportional to a light réception quantity.
Each of the lamp source 610 and the optical sensor 611
has a width equal to or larger than that of the ink-jet
head 1. Alternatively, the lamp source 610 and the
optical sensor 611 may be arranged such that scanning
is perfofmed in a diréction perpendicular to the |
drawing surface (Fig. 2) along a guide réil (not shown)
to read the recording characteristicé of a plurality of
recording elements (a plurality of nozzles in this
case). '

Fig. 3 shows an uneven image density readiné unit
506 used in the above method. A recording medium 561
has an unevenness measurement test pattern. The
reading unit 506 includes a light source 502 for
illuminating a surface.of the recording medium, a
reading-sensor'503.for reading light reflected by the

surface of the recording medium, and lenses 504 and

- 505. The reading unit 506 having the above. arrangement

is scanned to read an unevenness distribution, thereby
rewriting unevenness correction data. .

Fig. 4 shows another uneven iﬁage_deﬁéity reading
unit. The reading unit comprises 'a line seﬁsor 520
comprising a CCD or the like having read pixels 521,
and an unevennéss correction test pattern 524 in which

a recording element is formed by a width d in the ¥y
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direction. The density of the test pattern is read by
a recording head while the line sensor 520 is_scanned
in the x direction. Data read by the pixels 521 of the
line sensbr 520 correspond to density data formed by
the respective recording elements of the.fecording
head.

An algorithm of uneven image densitﬁ correction
proéosed above will be bfiefly described Qith reference
to Figs.;SA to 5C and Figs. 6A and 6B.

A test pattern (Fig. 5A) obtained by driving a

-plurality of recording elements (nozzles in this case)

‘under the same condition, i.e., by the same‘d;ive

signal (the drive signal is defined as S, in this case)
is recorded. An optical density of the test pattern is
not uniform due to variations caused by fabrication of
the respective recording elements and variations caused.
by deteriorations over ‘time, as shown in Fig. 5B. An
uneven'image dénsity is caused, as shown in Fig. 5C.
A drive signal S for the recording head in response to
thé read signal is corrected in units of recording
elements in accordance with the read signal, thereby
preventing an uneven image density.

More specifically, light is incident on the test

pattern (Fig. 5A), and light reflected by the test

~ pattern is received. The received light quantity is

A/D-converted into digital data, thereby measuring a

- distribution Ei (where i is a recording area of the ith
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nozzle) (S,) of quantities of reflected light. (Sg)
represents that Ei is a function of §. If § = §,, then

Ei is obtained. Light quantity to density conversion

is performed to convert the distribution Ei(S;) 6f
quaﬁtities of reflectéd light into a distribution

ODi (S,) optical densities. An average density 53(89) is
calculatéd, and a reciprocal ratio OD(S,)/0Di(S,) for
fhe average density 35(80) of the optical density

ODi(S,) of each portion is multiplied with the drive

signal for driving the ith recording elemenf, thereby

correcting the uneven image density (to be described
later), thereby obtaining a uniform image free from an
uneven image density.

An example of the above operation will be briefly

described below. Assume that a proportional

- relationship between the drive signal S and the optical

density ODi(S) of the recording material is '

established, as shown in Fig. 6A. If no proportional

. relationship is established, the drive signal S is

corrected so as to obtain a proportional reiatidnship
bf using a look-up table or the like. Since all the
recording elements are driven by the.same drive signal
Sor oOptical densities vary depending on the respective
recording elements .(i values), as éhown in Fig. 6A.

The second recording element, i.e., i = 2 wi;l.be téken
as an example (Fig. 6B). The opticél density of a

portion to be recorded by the second recording element
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is OD,(So) = a, x S, as opposed to the average density
OD(Sp) = a x S of the entire image, so that the portion
to be recorded by the second recording elemént has a
lower density than the average dénsity. The drive
signal for driving the second recording elemept is
corrected to 'O_D(SO)/ODz(.So) X S, multiplied with
‘@(so)/onz(so). Since condition o_D('so)/oDZ(so) = (a x -
So)/(a; x Sy) = a/a, is established, the drive signal-for
driving the second'recording element is given as
OD(S,)/0D,(Se) x So = a/a, x Sg. This correction value is
proved to be a correct correction value (correction
value for eliminating an uneven image density) as
_follows.

As is apparent from Fig. 6B, since AABC « AADE
is established,

BC : DE = AC : AE

BC : DE=a, xS, :ax8=a, : a
and

AC AE

]
o}
N
&
o
&
]
n
S

then

AE = a/a, x S,

When the second recording element ié:driven with
a/a, x S,, the opticai density.ig given as a x S, which
is equal to the average density f?om Fig. 6B. The
unevenness of this portion can be apparently corrécted.
A cdrrection value of the drive signal for driving the

second recording element is thus confirmed to be
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OD(S,)/0D,(S,) (this value is multiplied with the drive
signal). This can apply to other recording elements.
when a correction value OD/OD, is multiplied with a
drive signal for driving the ith fecording element, the
uneven image density of the recorded image can be

corrected to be uniform. Since any S, value can be

; selected,.the uneven - image densities of all the drive

signal values can be corrected and are uniformed.

In summary, light is incident on the test pattern
shown in Fig. 6A and a quantity of light reflected by
the test pattern is measured. A correction quantity is
calculated by the above calculations, and the recording
head is driven by the corrected drive signals. The
uneven image densities caused by variations in
recording elements can be corrected, and a desired
recorded image can be obtained.

In an image recording apparatus for performing -
image recording using the cyan, magehta, yellow, and
black recording heads described abo#e, recording
characteristics of the recording heads are to be often
detected and then an uneven image density is to Ee
corrected. When light is incident on tesfigatterns
(obtained by different color&) ;ecofded by-the
respective recording heads, and cénVersion parameters
for converting signals proportional td the quantities
of refiected light into signals proportional to optical

densities are common to the color components (i.e.,
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cyan, ﬁagenta, yellow, and black), the quantities of
reflected light cannot be accurately transformed into
optical densities. For this reason, the uneven image'
density cannot be perfectly correoted.

When light is to be incident on thé_test patterns
(having different colors) recorded by the respective
recording heads, and analog data proportional to the
distribution of the quantities of reflected light are
to be converted into digital data, reference analog
values for A/D conversion are common to the cyan,

magénta, yellow, and black recording heads. For this

‘reason, resolutions (representing a minimum density

difference determination range) for the densities.of
the read data of the uneven image densities of the
yellow, magenta, and cyan recording heads are
decreased, and uneven image density correction
precision is degraded, resulting in inconvenience.
In the above operations, it is generally'diffioult
to actually obtain an image perfectly free from an
uneven image density by a single calculation cycle.
The calculations must be repeated until an image
perfectly free from the uneven image density is
obtained. When the operations are terminatod after
satisfactory unevenness density correction of an image
with the resultant correction data is confirmed, a
sufficient unevenness correction effect can be

obtained.
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Even if correction data is obtained by the above
method, a sufficiently effective correction effect’
cannot often be obtained for an image having a large
difference from the test image used in unevenness
correction.

For example, when correction data is rewritten by
using a halftone image of a SO%Iduty, this data is
effective for the unevenness correction effect in 50%
halftone. However, this data may not be effective for
halftone of 0 to 15% or 75 to 85% because gradatioh

characteristics of the recording head are not

‘necessarily linear, as shown in Fig. 6A. An effect

obtained by correction shown in Fig. 6B is not always

- valid throughout the entire area of the input signal.

If an image forming apparatus includes an image
reading apparatus,-converts an original image inté an
electrical signal, and performs image recording in
accordance with the electrical signal, the original :
image reading apparatus can be used as a reading unit
for the uneven image dénsity of a test image without
any modifications,-resulting in conveniencg,

In an image forming apparatus having such an image
reading apparatus, and particularly, an apparatus
capable of reading or forming a color image, the
reading apparatus outputs red (R), green (G), and blue

(BL) signals. 1In this case, it is possible to read ali

color patterns.
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The unevenness is a delicate phenomenon, and it is
preferable to read each test image with high precision.
In a normal copying mode, i.e., in a mode for reading
an original image and copying the read image by a |
recording head, it is preferable not to sacrifice color
reproducibility. |

Another uneven image density reading head 506 used

~in the above method is shown in Fig. 7. This head

comprises a lamp 502, a photo-diode 503, and lenses 504
and 505. The head can read an unevenness measurement
pattern printed on recording sheet 501.

Light from the lamp 502 is collimated by the lens
504, and the collimated light is incident on unevenness
measurement pattern on the recording sheet 501. Light
reflected by the recording sheet 501 is incident on the
photo-diode‘503 thfough the lens 505 and an aperture
507 having an opening sized. At this time, liéht'
incident on the photo-diode 503 falls within the range
of d, on the unevenness méasurement pattern, so that an
average value of the unevenness pattern within the
range of d, is detected. When unevenness correction
data is rewritten on the basis of this detéction
result, a uniform image can always be obtaiged.

A still'another metﬁod as én'uneven image density
reading method-will be described with refefence to --
Fig..8. A recording sheet and a CCD are denoted by

reference numerals 520 and 521. An unevenness
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correction pattern printed by a multi-head having a
total width d of recording elements in the y direction.
In this case, the number of recording elements in the.
multi-head is 256, and the number-of read pixels of the
CCD is also 256. A density of a pattern printed with
the multi-head is read while the CCD is scanned in a
direction qf an arrow 525. |

Data read by the pixels of the CCD correspond to
densities of the iespective recording elements of the
multi-head, respectively.

When unevenness correction data are formed
direc;ly using tﬁe pixel data, an image contains a
large number of noise components due to the following
reason.

Assume that dots D are formed in an uneven image
density correction pattern in Fig. 9. The dot sizes
are uneven in the x direction because diameters of dotsfﬂ .
recorded by one recording element of the multi-head:aré
changed. Density measurement results greatly vary
depending on measurement timings. The dots are not
equidistantly arranged in the y direction because dbt
recording pdsition precision varies in the y direction.

At this time, when a measurement is performéd, a
density corresponding to a reading element 521b is

high, and a density corresponding to a reading element

521c is low.
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For this reason, the read data of a predetermined
area in the x and y directions are averaged, and the
average value serves as data of the central reading
pixel of this area. Unevenness correction is performed
on the basis of the data obtained as described above,
and a uniform image can alwayé be obtained.

However, when an aperture size is fixed, as shown
in Fig. 7, or when the size of the data averaging area
is fixed, as shown in Fig. 8, the following drawback is
presented.

The aperture size and the size of the data
averaging area are importﬁnt factors in unevenness
reading. When the size of the data averaging area is
excessively large, a complicated unevenness pattern
cannot be read. In this case, it is difficult to
correct fine unevenness having a short period. To the
contrary, when the data averaging area is too large,
noise in a read pattern is extracted, and stable
unevenness correction cannot be performed. A
satisfactorily uniform image cannot be obtained by a-
single unevenness correction cycle. 1In order to obtéin
a satisfactory image, read and unevennessfbprrection
must be repeated a plurality of times. .

For this reason, the aperéuréfsize and the size of
the data averaging area must be set to optimal values.
However, these optimal values change in accordance with

print conditions. Assume that a large image is output
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and used for a poster or the like. 1In this case, since
the poster is not observed from a position close to it,
fine unevenness is not so conspicuous, so that
correction of an uneven image denéity having a long
period'is the primary concern. 1In this sense, the
aperture size and the size of the.data,averaging area
are preferably large. To the contrary, when a small
image which is observed at hand, elimination of fine
unevennesé becomes the primary concern. In this case,

it is preferable to reduce the aperture size and the

‘'size of the data averaging area.

In this manner, an optimal aperture size and an
optimal size of a data averaging area are chanéed
depending on output images.

Optimal values a:é also changed depending on time
required for forming unevenness correction data.

On the market, when a serviceman often repléces an
old head with a new one, he forms unevenness.correCQion
data. In this case, it is better to take time to
perform high-precision unevenness correction, and the
aéerture size and the size of the data avefaging area
are preferably set to be small. |

When an ordinary user performs unevennéss
correction duriﬂg uée, unevennéss'correction of a given

level or more can be performed within a short period of

time, and the aperture size and the size of the data

averaging area are'preferably set to be large.



10

15

20

25

- 19 -

These optimal values are also changed depending on
the number of head-use times.

When a new head is used immediately after its
replacement, print position precision of each dot is
relatively good. Read noise caused by variations in
print position precision, shown in Fig. 9, is small.
The aperture size and the size of'the data averaging
area can be small. In an old head, however, since
print position precision of each dot is degraded, the
apertufe size and the size of the averaging area are
preferably set to be large.

Optimal values of the aperture size and the size
of the data averaging area vary depending on various
conditions. These values as fixed values cannot cope
with various conditions.

A read speed and a focus state of a read optical

_system are used as factors having the same effects as

- the aperture size and the size of the data averaging

area.
When the read speed is high, fine unevenness tends
not to be read. Howéver, when the read speed is low,
high-precisioh reading can be performed buf_noise in a
pattern tends to be picked up. —
Fine unevenness tends not to be read when a
defocus state is set. However, when an in-focus state

is set, noise in the pattern tends to be picked up.
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When predetermined read conditions are set, it is
difficult to perform optimal reading.

Types of unevenness correction patterns, and a
method of calculating unevenness cbrrection data in
addition to the various read conditions are often
preferably changed depending on fine unevenness
correction requiring a long period of time, or coarse
unevenness correction requiring a short peiiod of time.
For example, preciéion can be improved by correcting a
pluralitylof patterns instead of correcting one type of
pattern because a calculation method suitable fdr a
specific purpose musﬁ be used. When there is only one
method of calculating unevenness correcﬁion patterns,
optimal unevenneés correction data suitable for various

conditions cannot be formed.

SUMMARY OF THE INVENTION

It is an object of the present invention to
eliminate the conventional drawbacks described above
and to provide an image recording apparatus free from
variations in recorded images which are caused by
variations in recording characteristics of recording
elements constituting an array. |

It is another object of the present in;ention to
provide an image forming apparétué-for uhiforming
different densities in the'entire range of input
signals and, particularly, to provide an image forming

apparatus capable of performing printing at an accurate



10

15

20

25

- 21 -

image density for target recording images whose image
densities vary in a wide range.

It is still another object of the present
inventioﬁ to provide an image forming apparatus having
high color reproducibility and Eapable of reading a

test image having any color with sufficiently high

- precision.

It is still anothef object of the present
invention to provide an image recording apparatus
capable of always ?erforming optimal image reading and
forming unevenness correction data.

In order to achieve the above objects according to
an aspect of the present invention, there is provided
an image recording apparatus for performing image
recording.on a recording medium by using plural types
of recording heads each having a plurality of recording
elements constituting an array, cémprising:

test pattern forming means for forming test
patterns on the recording medium by using the plurél
types of recording heads;

reading means for reading the test patterns
recorded by the test pétte;n recording means; and

correcting means for correctinq.drive'éignals_for
driving the recording elements in'correspondence with
the recording elements and types of the recording heads

on the basis of data read by the reading means.
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In order to achieve the above objects according to

another aspect of the present invention, there is

- provided an image forming apparatus comprising:

a recording head having a plurality of recording
elements for forming an image on a'recording medium,
the plurality of recording elements coqstituting an
array; |

test pattern formation control means for causing
the recording head to form plural types of test |
patterns having different densities; |

density reading means for reading densities of the
plural types of test patterns; and |

uneven image density correcting means for forming,
on the basis of a reading result. of the pluralltypes of
test patterns, correction data for uniforming image
forﬁation densities for the densities read by the
density reading means and for correcting drive
conditions of the plurality of recording elements on
fhe basis of the correction data.

In order to achieve the above objects according to

still another aspect'of the présent invention, there is

provided an image forming apparatus comprising:

a recording head having a plurality 6f'recording
elements for forming an image 6n'h.te¢ording medium,
the plufality of recording elements constituting an

array;
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means for relatively moving the recording head and
the recording medium, giving different drive conditions
to the plurality of recording elements -upon relative
movement between the recording head and - the recording
medium, and forming test patterns having.areas of
different densities in a relative movement direction;

reading means for reading densities of the test

- patterns in units of density areas; and

uneven image density correcting means for
correcting drive conditions of the plurality of

recording elements at the time of image formation so as

" to uniform image formation densities on the basis of a

reading result of the reading means.

In order to achieve the above objects accbrding to
still another aspect of the present invention, there is
provided an image forming apparatué for performing
recording on a recording medium by using a recording
head having a plurality of recording elements
constituting an ar?ay, comprisings:

reading means for reading an image and outputting
color signals corresponding to the image;

color correction processing means for' performing
color correction processing of the output-ffom the-
reading means; | | |

test pattern forming means for forming

predetermiﬁed test patterns by the recording head;
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correcting means for causing the reading means to
read the predetermined test patterns formed by the test
pattern forming means, obtaining correction data from-
the color signals color-corrected by the color

correction processing means, and correcting image

formation drive conditions of the plurality of

recording elements on the basis of the cérrection data;
and

color correction control means for caﬁsing the
color correction processing means to perform different
color correction proceséing operations in a test
pattern reading mode and a normal original image
readiﬁg mode.

In order to achieve the abdve objects according to
still another aspect of the present invention, there is
provided an image forming apparatus for performing
recording using a plurality of recording elements
constituting an arfay,-comprising:

test pattern forming means for forming test
patterns on a recording medium by using a recording
head;.

reading means for optically reading densities of

the test patterns recorded on the récording medium by

the test pattern forming means in accordance with
predetermined reading conditions;
means for calculating correction data on the basis

of the densities read by the reading means;
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image signal correcting means for correcting an
image signal applied to the recording elements on the
basis of the correction data calculated by the
calculating means; and |

control means fo: setting variable one of a
formation condition of the test pattern forming means,
a reading condition of the reading means, and a method
of calculating the correction data by the calculating
means.

BRIEF DESCRIPTION OF THE DRAWINGS

- Figs. 1A to 1lE are views for explaining an uneven
image density correction mode in a multi-nozzle head;

Fig. 2 is a schematic sectional view showing a
conventional ink-jet recording apparatus;

Figs. 3, 4, 7, 8, and 9 are views for explaining a
reading unit for performing uneven image density
correction;

Figs. 5A to 6B afe views for explaining an
uneven image density correction algorithm;

Fig. 10 is a block diagram showing an arrangement
according to the first embodiment of the present
invention; |

Fig. 11 is a flow chart showing a correction
sequence of the first-embodimeﬁﬁ;'

Figs. 12 and 13 are graphs for explaining a

look-up table of a light quantity td'density conversion-

unit;
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Fig 14 'is a view showing a test pattern of the
second embodiment;

Figs. 15 and 16 are graphs for explaining the
third embodiment; |

Fig. 17 is a diagram of an A/D conversion

reference voltage transforming circuit according to the

fifth embodiment of the present invention;

Fig. 18 is a diagram for explaining the principle'
of the sixth embodiment of the present invention;

Figs. 19A and 19B are side views showing a line
printer type ink-jet recording apparatus according to
the sixth embodiment of the present invention; -

Fig. 26 is a perspective view showing aﬁ
arrangement of a reading unit and its scanning
mechanism shown in Figs. 19A and 19B;

Figs. 21 to 23 are graphs for explaining a density
correction mode in a multi-nozzle head;

Figs. 24 to 26 are side views showing arrangements

each for holding a distance between the reading unit

-and a recording medium;

Figs. 27A to 27C are views for explaining a mode
for increasing a dynamic range of a sensd;.light
reception quantity corresponding to each C6ior;

Figs. 28 to 30 are views ;hQWing arrangements of a
portion.for reading an uneven iﬁage density of a test

pattern in correspondence with its color;
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Fig. 31 is a view for expléining a scanning drive
mode of the readiﬁg unit of this embodiment;_

Figs. 32A, 32B, and 32C are views for explaining'
variations in values read cor:espénding-to variations
in écanning fate of the reading unit;

Fig. 33 is a block diagram showing an arrangement
of a control system in an ink-jet'recérding apparatus
according to this embodiment; '

Fig. 34 is a block diagram showing a detailed R
arrangement for an uneven image density correction
system;
| Fig. 35 is a graph for explaining an uneven image
density correction table used in this embodiment;

Fig. 36 is a flow chart showing an uneven image
density correction sequence of this embodiment;

fig. 37 is a view showing a state wherein an ID
mark for performing uneven image densi;y correc;ion in
accordance with types of recording media is-forﬁedién a
redording medium;

Fig. 38 is a grabh for explaining a change in
temperature of a recording head;

Figs. 39A to 39C are views for explaining a mode
for performing stable uneven image density-correction
without depending on température§;

Fig. 40 is a view showing a case wherein an
injection stabilizing pattern, an injection defect

detection pattern, and an uneven image density
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correction test pattern are formed on a recording
medium;

Fig. 41 is a block diagram showing an ar;angement
of a main part of a control systeﬁ for performing:
uneven image density correction fof all the orifices of
a recording head of a full multi-type recording head of
this embodiment;

Figs. 42 and 43 are timing charts showing
apparatus operations starting with test pattern
recording andlterminating with uneven image density
reading;

Fig. 44 is a block diagram showing an arrangement
for correcting an output magnitude difference caused by
colors of unevenness reading sensors;

Figs. 45A and 45B are views for explaining a
correction mode in the operation in Fig. 44;

Fig. 46 is a view showing the seventh embodiment
in which the present invention is applied to a serial
printer type abparatus;

Fig. 47 is a view showing a reading system unit of
the seventh embodiment; |

Fig. 48 is a view showing the eighth émbodiment of
the present invention; o |

Fig. 49 is a view showing'a reading unit of the

eighth embodiment;
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Figs. 50 and 51 are views showing the ninth and
tenth embodiments of thé present invention,
respectively;

Figs. 52A and 52B are views showing the principle
of the eleventh embodiment of the present invention;

Fig. 53 is a block diagram showing a detailed
arrangement showing ah uneven image density correctioh
system;

Fig. 54 is a view for explaining an unevenness
correction table used in this embodiment;

Fig. 55 is a flow chart showing an unevenness
correction sequence of this embodiment;

Figs. 56A to 56C are views for explaining density
cor;ection of this embodiment;

Fig. 57 is a view shdwing another test pattern;

Figs. 58A to 58C are graphs for explaining density

correction according to the twelfth embodiment of the

present invention;

Fig. 59 is a diagram for explaining the principle
of the thirteenth embodiment of the present invention;

Fig. 60 is a schematic side view 6f a line printer .
type ink-jet recording apparatus accordinéito the
present invention; -

Fig. 61 is a perspective view,of a reading unit

and its scanning mechanism in the apparatus shown in

'~ Fig. 60;



10

15

20

25 -

- 30 -

Fig. 62 is a block diagram showing an arrangement
of a control system of the ink-jet recording apparatus
shown in Fig. 60;

Fig. 63 is a block diagram showing a detailed
arrangement of a system for performing image processing
and uneven image density correction;

Fig. 64 is a block diagram showing a system for
performing image processing and unevenness correction
according to this embodiment; |

Fig. 65 is a flow chart showing an unevenness
correction sequence of this embodiment;

| Fig. 66 is a view showing test patterns formed on
a recording medium;

Figs. 67 and 68 are block diagrams showing the
fourteenth and fifteenth embodiments of the present
invention, respectively;

Fig. 69 is a block diagram showing the seventeenth
embodiment of the present invention;

Fig. 70 is a perspective view showing a structure
of an image forming unit of this.embodiment;

Fig. 71 is a view showiﬁg an arrangement of an |
unevenness reading head according to this -embodiment;

Fig. 72 is a view showing apertureslof this
embodiﬁent;

Fig. 73 is a flow chart showing a control sequence

of this embodiment;
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Fig. 74 is a blqck diagram showing the eighteenth
embodiment of the present invention;

Fig. 75 is a perspective view showing a structure
of an image forming apparatus of this embodiment;

Fig. 76 is a view showing a data averaging area of
this embodiment; ‘

Figs. 77 to 80 are block diagrams sﬁowing the
nineteenth to twenty—éecond embodiments of the present
invention, respectively;

Figs. 81 to 83 are block diagrams showing
twenty-sixth to twenty-eighth embodiments of the
present invention, respectively; and

Fig. 84 is a block diagram showing the thirtieth
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention

‘will be described in detail.with reference to the

accompanying drawings.

An uneven image density correction sequence of the
first embodiment of the preseht invention will be
described with referencg to the block diagram of
Fig. 10. In this embodiment, a color image recording
apparatus (Fig. 2) having four :écbfding ﬁeéds, i.e.,
cyan,'magenta, yellow, and black recording heads is
exemplified. The same effect as the color image

recording apparatus can be obtained in a monochromatic
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image recording apparatus having a light black ink head
and a dark black ink head. |

Fig. 11 is a flow chart showing-a~correction
sequence of this embodiment.

Uneven image density correction is started upon
depression of an uneven image density correction head
designation key of a corrected-head designation unit 91
for designating a color of a head subjected to uneven
image density correction (step Sl1l). A signal is output
to a light quantity to density conversion unit 93 so
that, of all the cyan, magenta, yellow, and black
look-up tables (Fig. 12) retained and stored in the

light quantity to density conversion unit 93, a

| designated color look-up table is selected in response

to a designation signal from the corrected-head
designation unit 91 (step S2).

When the corrected-head designation unit 91
designates a head having a color subjected to uneven
image density correction, a pattern for driving all
recording.elements'of the recording head in response t&
the same drive signal is generated by a pattern
generator (not shown), and the head subjected to uneven
image density correction is used to record-é test
pattern (step S3). A test patéern.reading system 94
emits light onto this test pattern and receives light
reflected by the test pattern. The test pattern

reading system 94 outputs a signal proportional to the
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reception light quantity to an A/D conversion unit 97,
and the signal is converted into digital data by the
A/D conversion unit 97 and the digital. signal is outpﬁt
to the light qﬁantity to density conversion unit 93
(step S4). The light quantity to density conversion

unit 93 converts the signal proportion to the light

‘quantity into a signal propdrtional to the density by

using the look-up‘tablé of the designated color (step
S5). The look-up table shown in Fig. 12 converts an
8-bit light quantity signal into an 8-bit density
signal.

A method of forming this look-up table will be
briefly described with referénce to Fig. 13.

Cyan, magenta, yellow, and black gradation
patterns are recorded. By using a density measuring
unit for measuring a degree.of density recognition
close to a human eye (this may be a conventidnal
density measuring unit; in general, cyan, magénta, and
vellow color filters), densities of gr&dation levels of
the respective color components, i.e., cyan, magenta,
yellow, and black are measured. The gradation patterns .
are read by the.test pattern reading systéﬁ 94 to
measure quantities 6f reflected light. Fidl 13 is a
graph obtained by plotting theJdensitieé along the
abscissa and the quantities of réflected light along

the ordinate (provided that the quantities of reflected

light are A/D-converted values). A look-up table shown
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in Fig. 12 is obtained by reversing the ordinate and
the abscissa of Fig. 13. This look-up table is used to
obtain a density signal proportional to the light
quantity.

The light quantity to density conversion is
performed by the light quantity to density conversion
unit 93 by using this look-up table. The correction
value described with reference to the prior art is
calculated by a correction value calculation unit 95
(steps S6 to S8). Correction values calculated in
units of recording elements or every several recording
elements by a recording element drive signal corfectioh
unit 96 are stored in a correction value storage unit
96a (step S9). An input'image éignal is corrected by
these correction values, and the corrected image signal
components drive the recording elements. By driving

the recording elements as described above, an uneven

' image density can be corrected with high precision to

obtain a good image free from the uneven image density

regardless of a relationship between colors of heads

for performing uneven image density correction.

The second embodiment of ﬁhe presént"invention
will be described.below. |

In the first embodiﬁent, aﬁhead subjected to
uneven image density_cdrrection-is designated. The.
second embodiment eliminates such a designation

operation.
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In %he second embodlment, uneven image density
correct1 n'ls performed every predetermined nunber of
recordlng_éheets (i.e., the number of recordlng sheets
is countea by a counter; when a count of the counter

reaches a predetermlned value, uneven image density

correctlon is automatically started) Test patterns to
be recorded are identical to those in the previous "
embodlment However, as shown in Fig. 14 cyan, NAL L -

magenta, yellow, and black patterns are recorded on a
single recordlng material. A test pattern reading
system 94 reads patterns in an order of cyan, magenta,
yellow, and black patterns. In synchronism with this,
an indication unit 92 for change of conversion
parameter outputs a conversion table change signal to a
light quantity to density conversion unit 93. The
light guantity to density conversion unit 93 performs
light quantity to density conversion by using the -
look-up tables of the respective color components. . The
same effect as in the first embodiment can be obtained
by the above sequence Qithout designating a head
subjected to uneven image density correction.

It is apparent that the second embodiment can be
applied to a recording apparatus except for an ink-jet

recording apparatus. When the correction values are to

be calculated from read signals from the test pattern ;
readlng means, conversion parameters of light quantity

to densxty conversion are changed in accordance in

—e
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units of colors. However, ahy other arithmetic method
may be changed in accordance with colors.

As described above, according to this embodiment;
since light quantlty to density conversion can be
accurately performed regardless of dlfferences in

recording colors of a plurality of recqrding heads,

correction of an uneven image density can be accurately

perfqrmed by a recording head of any color, thereby_
outputting a good image free from the uneven image |
density. |

The third embodiment 6f the present invention-will
be described below. In the first and second T
embodiments described above, the conversion parameters
of light quantity to'densihy conversion are changed.
However, in the third embodiment, conversion reference
values of A/D conversion are changed in the third
embodiment.

Fig. 15 shows read analog data read by the test
paﬁtern reading system after a gradation pattern is
recorded by each of the cyan, magenta, yellow, and
black ink-jet heads. Reflection optical densities of
gradation levels of each gradation pattern are
represented by OD values measured by a denéity
measuring unit having a degree of density recognition
close to a human eye (i.e., this measuring unit is a
conventional density measuring unit; cyan, magenta, and

yellow color filters are used). Electrical analog



10

15

20

25

- 37 -

signals values (more specifically, these values are
values amplified by an amplifier) proportional to light
reflected by each pattern.and received by a test
pattern reading system are plotted along the ordinate.

An appropriate recording duty of a test pattern
recorded for the uneven image density correction is
geherally about 50% according to studies by the prevent
inventors. An electrical analog signal value
proportion to the quantity of light reflected from each
test pattern of a 50% duty is about 0.5 V for black,
about 2 V for cyan and magenta, and about 4 V for
yellow (represéntéd by ¢, B and the like in Fig. 15).
When this analog data is éo be converted into digital
data, e.g., when the analog data is converted into
8-bit digital data on the basis of a predetermined
reference value regardless of differences in coloré,
the results shown in Fig. 13 are obtained in the
previous embodiment.

A resolution‘for the denéity is high when a
gradient of a curve in Fig. 13 is increased because a
difference in outpﬁt.voltages with respect to a density
difference is increased. When a gradient;pf a curve in
Fig. 13 is small, a difference between outbﬁt values is
small even if a small density difference is present.

In this case, an uneven image density caused by a small
density differencelcénnot be read, and uneven image

density correction precision is not high. When the A/D
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conversion reference value is given as a predetermined
value, correction precision of yellow, magenta, and
cyan components are degraded.

As shown in Figq. 10;-values of a reference level
storage unit 98 are changed in corféspondence with
designation by a corrected-head designation unit 91, so
that the A/D conversion reference values are cﬁanged in
uﬁits of recording heads (i.e., in units of colors).
Fig. 16 shows a graph similar to that of Fig. 13 under
the condition that levels "0" and "255" of black are

set to 0 V and 1 V, respectively, levels “04 and "255"

of each of cyan and magenta are set to 1.5 V and 2.5 V,

and levels “0" and "255" of yellow are set to 3.5 V and
4.5 V, respectively. As is apparent from this graph,
the A/D conversion reference value is changed in units
of colors to increase the density resolutions of the
respective colors and actually improve unevén image
density correction precision.

A monochromatic ink-jet recording apparatus
according to the fourth embodiment of the present
invention will be described belowf An ink-jet
recording apparatus for improving image te#ture is
proposed as a binary recording type'ink-jet—iecording
apparatus using two ink-jet heads;.i.e., a light black
inklhead and a dark black ink head. In such an ink-jet
recording apparatus, when an uneven image density is to

be corrected, an optical density of a test pattern
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recorded at a 50% duty varies depending on the
respective recording heads. Analog output values read
by the test pattern reading system are diffefent
between the light black ink head and the dark black ink
head.

It is very effective to change the analog values

serving as A/D conversion reference values in units of

recording heads as in the previous embodiment. In
practice, the uneven image density correction was
greatly improved.

The fifth embodiment of the present iﬁvention will
be deSéribed below. In each embodiment described
above, so-called shading correction for correcting
chénges in light quantity of a light source and changes
in output characteristics of an optical sensor is not
performed. In the fifth embodiment, densities of'a
standard white plate and a standard black plate are
read to perform this shading correction.

At the time of shading correction, in geherai, an
analog output value obtained by reading the density of
fhe standard white plate by the test pattern reading
system is given as "255", and an énalog oﬁtput value

obtained by reading the density of the stahdard black

plate by the test pattern reading system is given as

'*0", thereby performing A/D conversion. At this time,

two voltage values are converted by an electrical

circuit, shown in Fig. 17, and the converted voltage
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values are used as A/D conversion reference values.
Therefore, the same effect as in each embodiment
described above is obtained by changing an analog value
serving as an A/D conversion reference in units oOf
recording heads. |

With the above arrangement, the same effect as in
each embodiment desc;ibed above can.bé.ébtained for a
system for performing shading correction for correcting
noise such as a change in light quantity of a 1ight.
source. |

As described abqve, according to this embodiment,
an analog value serving as an A/D conversion reference
is set variable in each recording head for recording a
test pattern, and optimal values are set for all the
test patterns recorded by the corresponding recording
heads. Resolutions for ink densities can be increased,
and readable dénsity difference values are reduced,

thereby improving uneven image density correction

‘precision.

According to the'present invention, there is
provided an image recording apparatus wherein recorded
image variations caused by variations in régording
characteristics of recording'elements conétifuting an

array are improved in the respective ink recording

heads.
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The sixth embodiment of the present invention will
be described in detail with reference to the

accompanying drawings in the following order.

(1) General Description (Fig. 18)

(2) Mechanical Sﬁructure of Apparatus (Figs. 19A and
19B) ‘

(3) Reading System (Figs. 20 to 32C)

(4) Control System (Figs. 33 to.35)

(S5) Unevenness Correction Sequence (Figs. 36 to 45B)

(1) General Description
Fig. 18 is a schematic view showing the main part
of the sixth embodiment. One or a plurality of

recording heads 1001 are arranged in accordance with

' the form of an image forming apparatus. Each recording

head 1001 is a so-called full multi-type ink-jet
recording head in which a plurality of orifices are
aligned in a range corresponding to the width of a-
recording medium 1002. A convey means 1040 conveys the
recording medium 1002 to a recording position of the
recording head 1001.

An uneven image density reading meaﬁé 1014 causes
the recording head 1001 to read a test péffern formed
on the recording medium 1002. The unevén image density
reading means 1014 includes a light source for
illuminating the surface of the recording medium, a

sensor for receiving light reflected by the surface of
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thé recording medium, and an appropriate converter. An
unceven image density correction means 1020 corrects a
recording head driﬁe condition in accordance with the
uneven image density_read from the'test-pattern. A
platen 1017 reqgulates the recording medium to be flat
at the test pattern read position. A control means
1101 forms a plurality'of patterns having different
densities.

In this embodiment, the plurality of test pattérns
having different densities are read to obtain
correction data, respectiveiy, and ﬁhese correction
data are averaged to obtain final correction data,
thereby performing optimal correction regardless of
densities.

(2) General Description of Mechanical Structure of

Apparatus

Fig. 19A shows a general structure of an ink-jet
recording apparatus according to this embodiment of “the
present invention.

Recording heads 1C, 1M, 1Y, and 1BK correspond to
cyan, magenta, yellow, and black inkg, respectively.
Each head is a full-line head having orifiées~at a
density of 400 dpi (dots per inch) in a réhée
corresponding to the width of the'recording medium
convey direction, e.g., the length of a short side of
an A3 size recording medium. A head holder 3 holds the

recording heads 1C to 1BK and can be movéd in the A
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direction toward the recording position and the B
direction away from the recording position by means of
a head holder moving mechanism 5. The head ﬁolder
moving mechanism 5 inclﬁdes a driving source such as a
motor, a transmission mechanism for transmitting a
driving force to the head holder 3, and a guide member
for Quiding the head holder 3. The-héad holder 3 is
moved in the appropriate A or B direction to the
recording position at which the recording medium
opposes the orifices of=the_recording heads 1C to 1BK

with a gap, a retracted position for allowing reception

.0f a cap unit (to be described later), or a position

where each head is capped.

‘An ink supply/circulating system unit 7 includes
supply paths for supplying color inks to the
corresponding recording heads, circulating paths for
performing ink refreshing, and an appropriate pump. At
the time of injection recovery, the pump is driven to
compress the ink supply path, thereby forcibiy |
discharging the ink from each recording head.

a cap unit 9 opposes the recording heads 1C, 1M,

1Y, and 1BK can be brought into contact wiﬁh them. The

cap unit 9 includes capé 9C, 9M, 9Y, and QBK made of an

elastic material such as rubber, an absorbing member
for absorbing an ink (waste ink) from the'recording_
heads at the time of injection recovery, waste ink

paths for receiving the waste inks to waste ink tanks
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(not shown). The cap unit 9 is moved by a éap unit
moving mechanism 11. The cap unit moving mechanism 11
includes a motor, a transmission mechanism, énd a guide
member and moves the cap unit 9 in the C or D
direction. Therefore, the cap unit 9 can be set to a
posifion immediately below the head holder 3 located at
the retracted position, and a position wherein downward
movement of the head holder 3 is not interfered.

At the time of injection recoéery, the head unit 3
is moved upward in the B direction to a position where
entrance of the cap unit 9 is not interfered. The cap
unit 9 is inserted into the formed space, and the cap
unit 9 is set at a position where the corresponding
head opposes the cap. 1In this state, a state wherein
the orifice formation portion of the recording head
opposes the cap with a small gap upon downward movement
of the head holder 3, or a state wherein the orifice
formation portion of the recording he;d is in contact
with the cap, a pump or the like of the ink
supply/circulating unit 7 is driven. The ink is
forcibly discharged, énd at the same time injection
defect factors such as dust, bubbles, andfé viscous ink

are removed, thereby stabilizing the ink injection

~state during recording. The recording head may be

driven as in the recording mode in the above state to
inject an ink (i.e., preliminary injection), thereby

eliminating injection defect factors. At the end of
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recording or upon its interruption, the heads may be
capped to prevent the orifices from drying.

A cassette 38 stores recording media 2 5uch as OHP
films. The recording media 2 stored in the cassette 38
are separated and fed one by one by a pickup roller 39
rotated in the F direction. A conveyor belt 40 conveys. .
the fed recording medium 2 to the recording position of
the recording heads 1C to 1BK in the E direction. The
conveyor belt 40 is looped around rollers 41. In order
to improve tight contact between the conveyor belt 40

and the recording medium and assure smooth conveyance

- of the recording medium, and at the same time to obtain

an optimal distance (head gap) between the head and the
recording medium, a means for performing electrostatic
attraction or air suction, or a member such as a press
roller for the recording medium may be provided.

The recording medium 2 is discharged by discharge
rollers 42 upon completion 6f recording. A tray 43
stacks discharged recording media.

"An uneven image density reading unit 14 is located

between the recording position of the recording heads

1C to 1BK and the discharge rollers 42 so.és to oppose
a recording surface of the ;ecording mediﬁm'2. The
uneven image density reading unit 14 reads a pattern
formed on the recording medium 2 during uneven image
dénsity correction. A mechanism 15 (to be_déscribed

later with reference to Fig. 20) scans the reading unit
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14. A driving unit 16 drives the respective convey
members associated with the recording medium 2, i.e.,
the feed rollers 39, the rollers 41, and the discharge
rollers 42. |

At the time of uneven image density correction, a

recordihg medium (a fixed size sheet in this

embodiment) stored in the cassette 38 ie fed out onto

the conveyor belt 40 as.in the normal recording mode
upon rotation of the pickup roller 39 in the F
direction. Upon rotation of the rollers 41, the
recording medium 2 is conveyed together with the

conveyor belt 40 in the E direction. At this time,

each recording head is driven, and a test pattern is

recorded on the recording medium 2.

Thereafter, the recording medium 2 to which this
test patfern is fecorded_is conveyed to the uneven
image density reading unit 14. The recorded test
pattern is read by a reading sensor or the like, and
then the recording medium is discharged onto the tray
43.

In this embodiment, since the fixed eize sheet on
which a test pattern is forﬁed is used, an arrangement
for feeding a sheet except for paper feed'eeing the
cassette 38 (so-called manual baper feed) in favor of
better operability ﬁay be employed.

Fig. 19B illustrates an ink system comprising the

- recording head (the recording heads 1C, 1M, 1Y, and 1BK
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are collectively illustrated) 1, and an ink
supply/circulating system unit 7.

In the recording head, a common liquid chamber la
is connected to an ink pipe connected to an ink source

and communicates with each ink orifice 1b through a

-liquid path. 2An injection energy generation element

such as an electricigy-heat conversion élement is
arranged in each liquid path, and an ink is injected
from an orifice upon energization of the correspondihg
injection energy generation element.

An ink tank 701 serves as an ink source and is
connected to the common liquid chamber la in fhe _
recording head 1 through ink paths 703 and 705. A pump

707 is arranged midway along the ink path 703, and a

-valve 710 is arranged midway along the ink path 705.

When the ink syStem'is arranged as described
above, when an'operating state of the pump 707 and-the
open/closed state of the valve 710 Are appropriately
switched to set the ink system in each of the following
modes.

@ .Print Mode

‘An ink necessary for recbrding is supplied from
the ink tank 701 to the head 1. Since this”emﬁodiment
exemplifies an on-demand ink-jet printer, an ink is not
pressurized during recording, and the pump 56 is not

driven. The valve 701 is open.
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In this mode, the ink is sﬁpplied to the head 1
through the ink path 705 upon injection of the ink from

the head 1.

@ Circulation Mode

This mode is set when an ink is circulated to
supply an ink to each head in initial use of the
apparatus or when a bubble in the head oi suéply path
is iémoved and at the same time the ink is refreshed.
This mode is set after the ink;jet printer is left |
unused for a long period of time.

In this mode, since the valve 710 is open and the

"pump 707 is operated, the ink is circulated to the ink

tank 701 through the ink tank 701, the ink path 703,

-the head 1, and the ink path 705.

@ Pressure Mode

When an ink inside the orifices of the head 1 has
an increased viscosity or clogging occurs in the
orifices or the liquid paths, the ink is pressurize& to
forcibly inject the ink from the orifices 1b, thereby
removing the ink.

In this mode, the valve 710 is open and the pump

707 is operated. The ink is supplied to the recording

head 1 from the ink tank 701 through the ink path 703.
(3) Reading System '
Fig. 20 shows the reading unit and its scanning

mechanism according to this embodiment.
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A flat recording medium guide portion serving as a

platen (a portion denoted by reference numeral 17 in

‘Fig. 19A) is disposeddbelow a scanning portion of the

reading head 60, the recording medium 2 is conveyed
onto this guide.portion, and an iﬁage formed on the
recording medium is read by the reading head 60 at this
position. The read position of the reading head 60 in
Fig. 20 serves as the home position of the reading head
60. This home position is preferably a position |
laterally spaced apart from the recording medium convey
range because reading members can get rid of attachment
of water droplets caused by ink evaporation.

Referring to Fig. 20, the read head 60 is slid

along a pair of guide rails 61 and 61’ to read an

'image. The reading head 60 includes an original

illumination light source 62, and a lens 63'for_
focusing an original image on a photoelectric
conversion element group such as a CCD. A flexible-
cable 64 supplies a power to the light source 62 and
the photoelectric conversion elements and transmits
image signals from the photoelectric conversion
elements. |

The reading head 60 is fixed to a driving force
transmission portion 65 such a§'a'wire in a main
scanning (G and H directions) direction perpendicular
to the recording medium convey direction. The driving .

force transmission portion 65 in the main scanning
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direction is looped between pulleys 66 and 66‘ and is
moved upon rotation of a main scanning pulse motor 67.
Upon rotation of the pulse motor 67 in the I directioh,
the reading head 60 is moved in the G direction and
reads line information of an image perpendicular to the
main scanning G direction in units of bits
corresponding to the photoelectric cOnveﬁsion element
group.

When image reading is performed by a predetermined
width, the main scanning pulse motor 67 is rotated in
the reverse direction, and the reading head 60 is moved
in the H direction to the initial or home position.
Support members 68 and 68’ are fixed to both ends of
the pair of rails 61 and 61';

When one main scanning cycle is to be performed

for uneven image density reading, the reading

operations are completed as described above. However,
uneven image densities of a plurality of colors are to
be read or when reading of one color is repeated a
plurality of times and an average value is to be
obtainéd, after main scanning G of a given color or one
main scanning dycle ié completed, the recoﬁéing medium
2 is conveyed by the conveyor belt 40 or tﬁé-discharge
rollers 42 in the E direction by a predetermined
distance (Fig. 19A) (one pitch between adjaceht color

patterns or the same distance g,as'the read image width

.in one main scanning G cyclé). The recording medium 2
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is then stopped. 1In this state, main scanning G is
repeated. This main scanning G operation, the main
scanning reverse H operation, movement of the recordihg
medium (sub-scanning) are repeated to read the uneven
image densities of different eolors or one color a

plurality of times. 1In the above operation, the

reading unit may be sub-scanned instead of conveyance

of the recording medium 2. When a sensor is a
full-line sensor, a mechanism associated with main
scanning can be eliminaﬁed.

An image signal thus obtained is supplied to an
image forming unit and is used for correcting drive
conditions of the recording heads (to be described
later).

In the present invention, elimination of the‘
uneven image density during image formation indicates
at least one of the following effects. Imege densities
by liquid droplets from a plurality of orifices of the
recording head can be uniformed by the corresponding
recording head itself. Image densities in units of
recording heads can be uniformed. A desired color can
be obtained by mixing a plurality of ink celors, of.a

desired density can be obtained by mixing a'plurality

- of ink colors. .A'plurality of these effects are

preferably satisfied.

An unevenness correction means is preferably'a

- means for automatically reading a standard print for
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obtaining a correction condition and automatically
determining a correction condition. This means may
include a fine adjustment unit or a manual adjustment'
unit operated by a user.

Correction conditions include optimal print
conditions, a condition for adjusting a value to féll
within a predetermined range including ah allowable
range, and a condition for a reference density changed
in response to a desired condition. In fine, all |
conditions associated with correction are included in
the above correction conditions.

Uneven image density correction of a multi-head
having a recording element couﬁt;N to converge print
outputs from all elements into average density values
will be described below.

Assume thaf a density distribution is obtained by

driving and printing all the elements (1 to N) in -

accordance with a given uniform image signal S, as

shown in Fig. 21. Partial densities OD; to ODy
corresponding to all the recording elements are
measured, and an average density as the correction

target is obtained as follows:

b= ¥ op /N

n=1
This average density need not be obtained by

simply averaging the densitiés of the all the recdrding

. elements. For example, quantities of reflected light
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may be integrated and the integral values are averaged
to obtain an average value, or another knqwn method may
be used to obtain an average value.

If a relationship between imége signal values and
an output density of a given element.or a given element
group is given as shown in Fig. 22, a signal actually
supplied to this element or this element_group is
obtained by correcting the signal S io obtain a
correction coefficient a for obtaining the target
density OD. A correction signal oS obtained by

correcting the signal S to @ x S = (OD/OD,) x S is

‘supplied to the element n or the element group. More

specifically, table conversion shown in Fig. 23 is
performed for the input image signal in practice.
Referring to Fig. 23, a straight line A is a line
having a gradient of 1.0. This table is a tab}e for

performing no conversion of an input signal and

directly outputting the input signal. A straight line

B is a straight line having a gradient of « = OD/OD,.
This table is.a table for converting the input signal §
into an output signal «+*S. The table representing the
straight line B in Fig. 23 is used for the image signal
corresponding to the nth recording element;.énd table
conversion having a correction coefficient o, is
performed. - Thereafter, when the head is driven, the
densities of the portion recorded by the N recording

elements are equal to OD. This processing is performed
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for all the recording elements to correct the uneven
image densities, thereby obtaining a uniform image.
That is, when data representing a correspondence
between a given.table conversion coefficient and an
image signal of each recording elément is obtained,
unevenness correction can be performedi

- The above correction for density comparison may be
performed for each nozzle groué (3 to 5 nozzles) to_
perform correction in accordance with épproximation 6f
unevenness correction.

Although the uneven image density can be corrected
by the above method, unevenness in image density may
occur due to a changé in uneven image density state
priot to correction or a time change in correction
circuit. In order to cope with this situation, an
input signal correétion quantity must be changed since
this is caused by the following drawbacks. When an-
ink~jet recording head is used for a long period of -
time, a precipitate from an ink is attached_to a
portion near an orifice, or an external foreign
substance is attached thereto, thereby changing the
density distribution. This can also be expécted by a

density distribution change caused by heater

'degradation and a change in properties thereof in a

thermal head. 1In this case, the initial input
correction quantities set during the manufacture cannot

sufficiently perform uneven image density correction.
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An uneven image density is gradually increased during
long-term use, so that this problem must be solved.
Although a distance between the reading unit and.
the recording medium on which the.test pattern is
recorded varies depending on reading precision, it is
preferable to obtain a predetermined distance. 1In
order to hold the distance to a predeterﬁined value, an
arrangement shown in Figs. 24 to 26 can be employed.
Fig. 24 illustrates an arrangement for the above
purpose. Press rollers 78a and 78b engaged with the
recording medium 2 are mounted on a housing 76 for
storing the reading unit 14 and the scanning mechanism

15 therein. Since these rollers 78a and 78b are

~rotated in the recording medium convey direction, no

problem is posed in conveyance of the recording medium.
This arrangement prevents floating of the recording
medium 2, and the housing 76 is displaced in accordance
with the recording medium 2, so that the distance
between the reading unit 14 and the recording medium
can be kept constant..

 The arrangement -in Fig. 24 includes a 1ens 74 for
collimating light'emitted from a light sou?be 62, a
sensor 73 having'a photoelectric transducer”élement
group, 2 lens 63 for focusing light. reflected by the
recording medium, and a filter 77 having an opening -

having an aperture diameter d,. By the scanning

mechanism shown in Fig. 23, the lenses, the seﬁsor, the
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. light source, the filter, and the like are scanned in

~the G and H directions (vertical direction in Fig. 24)

within the housing 76.
The light reflected by the recording medium is

incident on the sensor 73 through the lens 3 and the

filter 77 having the aperture diameter d,. This

_incident light is light falling within a range d, on the

test pattern. Therefore, an average value obtained by
averaging the uneven image densities within this range
is detected. According to experiments of the present
inventors, a godd result was obtained when the aperture
diameter was about 0.2 to 1 mm. When unevenness
correction is performed on the basis of the detection
result, a uniform image can be obtained.

When the reading unit including a lens, a sensor,
and a light source is vertically displaceable in
Fig. 20 with respect to the scanning mechanism 15,
rollers serving as press members may be mounted on the
reading unit itself. 1In this case, when each roller

has a caster structure, conveyance of the recording

- medium and movement of the reading unit can be smoothly

performed. When reading is performed whilé:the
recording medium is kept moved, the scanning direction

is inclined to read the recording medium with a small

load.

Fig. 25 shows another arrangement for keeping a

distance between the reading unit and the recording
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medium constant. In this structure, a press member 80
made of a transparent plastic material is formed at the
bottom of a housing 76.

In this structure, the housihg 76 which stores the
reading unit and the scanning mechanism is spaced apart
from the platen 17 by about 10'mm. When the recording
medium 2 on which a test pattern is recorded comes
below the reading unit, the hoﬁsing is moved downward
to cause the transparent plastic pressure member 80 to
hoid the recording medium 2. The reading head 60 scans
the rYecording medium 2 to detect an uneven image
density. 1In this case, it is preferable that an image
is completely fixed.

With this structure, paper floating can be
prevented, and accurate reading can be performed.
Contamination of a light source 62 and a sensor 73 can
be prevented by the transparent plastic press member 80
which covers the lower portion of the housing.

Figqg. 26 shows still another arrangement for
keeping a distance between the reading unit and the
recording medium constant. Referring to Fig. 26, a
housing 76 is vertically fixed but a cylinérical rgller.
81 made of.a transparent plastic material is pivotal
about a éhaft 82. The recordiﬁg medium 2 is pressed by
the transparent cylindrical roller 81. An uneven image
density can be.reéd from the inside of the transparent

cylindrical roller 81 while paper floating is
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prevented. In this structure, an uneven image density
can be accurately detected..

In addition to the aboﬁe arrangements, an
apparatus main body has recording-medium clamping means
on the upstream and downstream si&es, and the recording
medium is read between the upstream and downstream
clamping means, thereby performing high-precision
reading. | |

When color image recording is to be performed
using three colors, i.e., cyan (C), magenta (M), and

yellow (Y), or four colors, i.e., the above colors and

- black (Bk), in order to rewrite unevenness correction

data, correction test patterns must be recorded by the
corresponding heads, uneven image densities must be
read, and unevenness correction data for these heads
must be rewritten.

In unevenness reading of the C, M, and Y
components, and particularly the Y component, when
white color light is radiated on a Y test pattern, and
light reflected by this test pattern is received
without being through a filter, a_quantity of ligﬁt
recéived by the sensor 73 has a narrow dyﬁémic range as
indicated by a curve A in Fig. 27A.' In thié case, it
is difficult to accufately iead unevenness (an optical
density difference is as small aé about 0.02 to 0.15).
When light passing through a BL (blué) filter as shown

in Fig. 27B is used; the quantity of light received by
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the sensor can be reduced, but the dynamic range is
increased, as indicated by a curve B in Fig. 27A. 1In
this case, unevenness reading precision can be
increased. This can apply to the C and M components
when R (red) and G (greeﬁ) filters are used.

Fig. 28 shows an arrangement for. switching these
color filtérs. A color filter switching portion 79 can
be pivoted about a shaft 79A to properly and |
selectively locate an R filter 77R, a G filter 77G, BL

filter 77BK, or a BK opening (no filter) 77BK on an

- optical path to the sensor 73 during reading of the

test pattein of each color. The opening or each filter
has a diameter as in d, described above.

Unevenness correction of each color can be
accurately performed by using the single unevenness
reading sensor 73 and the light source 62.

The positions of the filter are not limited to-
specific positions on the optical path L extending from
the light source 62 to the sensor 73. 1In order to
correct the quantity of received light'whose magnitude
is reduced by filtering through the filters, a quantity
of light emitted from the lamp source can be increased
to compensate for its décrease, thereby widéning the
dynamic range, as shown in Fig; 27C. In a manner to be
described later, an appropriate constant may be
multiplied or a signal may be amplified in accordance

with a given color (to be described later).
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In addition, light sources may be switched instead
of switching the color filters described above.

Fig. 29 shows an arrangement for switching between
light sources. Four light_sources'GZR,,GZG, 62BL and
62W haVing R, G, BL, and white spéétral characteristics
are switched as in the above arrangement, thereby
obtaining the same effect as in the abové arrangement.

~ A mechanism for preventing floating of the
recording medium 2 and an arrangement for increasing
the dynamic range in accordancé.with colors can be
integrally formed.

Fig. 30 shows an arrangement integrally having the

mechanism for preventing floating of the recording

‘medium 2 and the arrangement for increasing the dynamic

range in accordance with colors._ A transparent press
roller 85 has four portions equally divided in its
circumferential direction. These four portions consist
of a transparent portion 85A, a red filter portion 85R,
a green filter portion 85G,land a biue.filter portion -
85BL. A test pattern 84BK on the recording medium 2 is
formed by the black head 1BK, a test patfern 84C is
formed by the cyan head 1C, a test pattern;84M is
formed by the magenta head 1M, and a test-péttern 84Y
is formed by the yellow head 1Y.

The reading.unit 14 which can be inserted insige

the transparent roller 85 is_sﬁpported_by a support rod
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15’. The support rod 15’ can be ﬁoved in directions
indicated by a double-headed arrow. |

When unevenness of the test pattern 84BK is to be
read by the black head 1BK, the réller 85 is rotated.
The unit 14 is inserted while the recording medium is

held by the portion 85A. Similarly, when the test

.pattern 84C of the cyan head 1C is to be read, the

recording medium is held at the position corresponding
to the portion 85R. When the test pattern 84M formed
by the magenta head 1M is to be read, the recording
medium is held at a position corresponding to the
portion 85G. When the test pattern 84Y formed by the
yellow head 1Y is to be read, the recording medium is
held at a position corresp6nding to the portion 85BL.

In this arrangement, the uneven image densities of
the color heads can be read through the filters with
high precision, and at the same time paper floating can
be prevented. Therefore, accurate reading can be
performed.

Scanning of the reading head having the

_arrangement shown in Fig. 20 will be described below.

As described above, the recording medium on which
a test pattern is recorded is conveyed to the reading

unit 14 located to face the recording surface of the

"recording'medium on the downstream side of the

recording head with respect to the convey direction.

Thereafter, the pulse motor 67 is driven, and the
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reading unit 14, i.e., the reading head 60 fixed to the
driving force transmission portion 65 such as a wire or
timing belt connected to the pulse motor 67 is scanned
in the main scanning or G direction, thereby causing
the reading sensor 73 to read the test pattern recorded
on the recording medium 2.

In this embodiment, when the pulse motor 67 is to

be driven by a control circuit (to be described later)

to convey the reading unit 14, the pulse motor 67 is
driven at a frequency different from a resonance |
frequency of the reading unit convey system.

When the pulse motor 67 is driven to convey the
reading unit convey system, vibrations of the reading

unit convey system are increased at resonance

When the reading unit 14 is conveyed at resonance
frequencies which cause large vibrations of the system,
the following problem is posed. That is, as shown in
Fig. 32A, even if the recording density of the test
pattern recorded on thé recording medium 2 is uniform,
a convey speed Vo of the reading unit 14 may be
changed, as shown in Fig. 32B. 1In this céée; a read
output from the reading unit 14 has outpuﬁ--
characteristics having a pitch error such as k& shown -
in Fig. 32C. As a result, a recording density of the

test pattern recorded on the recording medium 2 cannot

. be accurately read.
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In this embodiment, in order to eliminate this
drawback, the reading unit 14 is driven a£ a frequency
f, except for the resonance frequencies of the reading
unit convey system. The test pattern is read at a
predetermined read speed'z, thereby accurately reading
the test pattern recording density free from influences
of vibrations of the convey system.

(4) -Arréngement of Control System

A control system of this system by connecting the
respective components described above will be described
below.

Fig. 33 shows an arrangement of the control
system. A host unit 33 supplies recording image data

and various commands to the apparatus of this

embodiment. The host unit H is a computer, an image

reader or another arrangemeht. A CPU 1 serves as a
main control unit of.the apparatus of this embodiment.
The CPU 1 has a form of a microcomputer and controls
the respective Qircuit components in accordance with
processing sequences (to be described later). A ROM
102 stores programs corresponding to the processing
sequences and other permanent data. A RAH-104 has
temporary storage areas of image data and work areas
used in various control 6perations.

An indication input unit 106 includes an on-line
switch for allowing the apparatus to communicate with

the host unit H and inputs a recqrding start command, a
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command for recording a test pattern for uneven image
density correction, and information represent;ng a type
of recording medium. Sensors 108 detects the
presenée/absence of the recording ﬁedium, its convey
state, the presence/absence of anlink,.and other
operating states. A display unit 110 is used to
display operating and setup states of the apparatus,
and the presence/abéence of an abnormal-event. An
image processing unit 111 performs logarithmic
transformation, masking, UCR (Under Color Removal),

color balance control of image data associated with

. recording.

A head driver 112 drives each ink injection energy
generation element of the recording head 1 (the heads
1Y, 1M, 1C, and 1BK are collectively represented). A
temperature adjustment unit 113 adjusts é temperafure
of the recording head 1. .More specifiCally, the
temperature adjustment unit 113 ihcludes heating and
cooling fans arranged in correspondence Qith the head
1. A driving unit 114 drives the color filter
switching unit 79 described with reference to Fig. 28,
and a driving unit 116 drives the respecti;e motors for
driving the recording medium convey system;M

Fig. 34 is a.block diagraﬁ'shOWing a detailed
arrangement of the system for correcting the uneven.
image denéity in the arrangement shown in Fig. 33. The

image processing unit 111 outputs cyan, magenta,
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yellow, and black image signals 121C, 121M, 121Y, and
121BK. Unevenness correction tables 122C, 122M, 122Y,
and 122BK are arranged for the cyan, magenta, yellow,
and black components, respectively; The unevenness
correction tables 122C, 122M, 122Y, and 122BK can be
stored in the areé of the ROM 102 and output corrected
image signals 123C, 123M, 123Y, and-123BK. Binarizing
circuits 131C to 131BK use a dither méthod, an error
diffusion method, or the like and supply binary signals
to the color heads 1C to 1BK through drivers 112 (not
shown in Fig. 34).

The reading.unit_14 reads color signals 126C,
126M, 126Y, and 126BK through the respective color
filter and the opening shown in Fig. 28. These color
signals are input to an A/D converter 127. An output
from the A/D converter 127 is temporarilf stored in a
RAM area 119 which is an area of the RAM 104. The CPU
101 calculates corrected data 128C, 128M, 128Y, and
128BK on the basis of the stored signals. Unevenness
correction RAMs 129C to 129BK are arranged for the
cyan, magenta, yellow,'and black components,
respectively, and are constituted by the-éieas of the
RAM 104. Corrected signals 130C t0'13OBK16ﬁtput from
the unevenness correction RAMs 129C to 129BK are
supplied to the unevenness correction tables 122C to
122BK. The image signals 121C to 121BK are converted.

to correct unevenness of the heads 1C to 1BX.
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Fig. 35 shows an unevenness correction table. 1In
this arrangement, 61 straight correction lines having a
gradient Y = 0.70X to Y = 1.30X in units of 0.01 are
available. The correction straight lines are
selectively used in accordance with the unevenness
correction signals 130C to 130BK. For example, when a
pixel signal representing recording-using an orifice
having a large dot diameter is inbut, a correction
straight line having a small gradient is selected.
However, a correction straight line having a large
gradient is selected when an orifice having a small dot
diameter is selected,'thereby correcting the image
signal. |

The unevenness correction RAMs 129C to 129BK store
selection signals of correction straight lines
necessary for correcting unevenness of.the heads. More
specifically, correction signals, the number of which
is_equal to the number of orifices and each of which
have 61 different values of "0O" to'"60“, ére stored in
the unevenness correction RAMs 129C to 129BK. The
unevenness correction RAMs 129C to 129BK output the
unevenness correction signals 130C to IBDBK in
synchronism with input image signals. ThéJSignals 123C

to 123BK whose unevenness is corrected by y lines

_selected by the unevenness correction signals are ;nput

to gradaﬁion correction tables 130C to 130BK,

respectively. The gradation characteristics of the
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input signals are corrected, and the resultant signals
are output. These signals are binarized by the
binarizing circuits 131C to 131BK. The binary signals
drive the heads 1C to 1BK through head drivers, thereby
forming a color image.

(5) Sequence of Unevenness CorreCtioh_

The following processing with the above
arrangement is performed to accuratély perform
unevenness correction.

By performing the unevenness correction
processing, an injection energy generation element
corresponding to an orifice for a high density portion
of the head is set to have a lower driving enerqgy
(e.g., driving duty). However, an injection energy
generation element corresponding to an orifice having a

low density of the recording head is set to have a high

- driving energy. As a result, the uneven image density

of the recording head can be_corrected, and a uniform
image can be obtained. When the uneven image density
pattern of the head is changed during use, the present
unevenness correction signal becomes inappropriate, so
that uﬁevenness occurs in the image. 1In tﬁis case, the
correction signal rewriting mode indication switch
arranged in the indiéation input unit 106 is operated
to perform unevenness corréction data rewriting,

thereby starting the following sequence.
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Fig. 36 shows an une&enness correction processing
sequence of this embodiment.

When this seqﬁence is started, an input
representing a type of recording medium is accepted in
step §1. A message of "Input the type of currently
used recording sheet." is displayed on the display unit
110 of, e.g., a liquid crystal panel. The operator
designates the type of currently used recording medium
with a switch or the like arranged in the indication
input unit 106 in accordance with this message.
Determination is performed in step S3. When the type
of input recording sheet is not a suitable sheet such
as an OHP sheet and a sheet coated in a small amount
which is not suitable for uneven image density
detection, a message of "Use a specified sheet" is

displayed on the display unit 110 in step S5. As a

- result, when the current sheet is replaced with the

specified sheet and the designated type of sheet is -
input, or when the type of input recording medium is
the designated one from the beginning, the following
operétion is performed.

In this embodiment, every time the unevenness
correction data rewriting mode is set, thé fype of
recording medium is input. It is then determined
whether the unevenﬁess correction data is rewritten in
accordance with the input data. Information

representing the type of recording medium often
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represents the medium already designated in the
recording mode. Since color tones of recording outputs
often vary depending on types of recording media, image
processing factérs such as masking coefficients are
changed in accordance with the tyﬁe of recording
medium.

In a modification of this embodimenp, the type of
recording medium used in the normai recording mode is
input. When the unevenness correction data rewriting

mode is set, it is determined by the already input type

.of recording medium whether unevenness data rewriting

-is performed. For this reason, the type of recording

medium need not be input this time.

In this embodiment, the recording medium must be_
designated upon depression of the switch. Still
another modification of this embodiment need not
perform depression of the switch.
| Fig. 37 shows a recording medium 2’ used for this
purpose. An unevenness correction pattern 20 is

recorded on the recording medium 2‘. A recording

~ medium identification mark 25 is formed in a leading

end margin of the recording medium 2’ to represent a

density in accordance with the tYpe of reédrding medium

2'. The identification mark 25 is read by the uneven

image density reading unit 14 prior to reading prior to

the unevenness correction pattern 20.
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When the currently used sheet is determined as a
specified or fixed sheet, the unevenness cor;ection
data is started to be rewritten. Otherwise, a message
is displayed to change the qurrenﬁly used recording
medium to a designated sheet, and an unevenness
correction data rewriting operation is inhibited.

With the above technique, the typetof recording
medium need not be input.

In still another'modification of this embodiment,
the same effect.as in use of the identification mark
can be obtained even if any identification mgrk is not
used. For this purpose, a sensor unit for detecting
the type of recording medium is arranged in addition to
the uneven image density reading unit 14. An |
arrangement of this additional sensor unit is almost
the same as that in Fig. 28. An ultraviolet lamp is
used as a lamp for this additional sensor unit, and a
sensor has a sensitivity in an ultraviolet range. 'In
this case, the type of recording medium is
discriminated in accordance with the quantity of light
reflected from a margin of the recording medium. In
general, a coated sheet for_ink-jet reco;ding often
contains a fluor to make the sheet color wﬁiter. For
this reason, when the ultravioiet.lamp'is used, the
type of recording medium can be discriminated from .
light reflected by the coated sheet. That is, when the

quantity of light reflected by a sheet is large, it is
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discriminated as a sheet having a thick coating layer.
When the quantity of light reflected by a sheet is
medium, it is discriminated as a sheet having a thin '
coating layer. Wwhen the quantity-of light reflected by
a sheet is almost zero, it is discriminated as an OHP
film. When the quantity of reflected light is large
and the sheet is determined as a designated sheet
suiﬁable for uneven image density detection, the uneven
image density is read and the unevehness correction
data is rewritten. Otherwise, the same message
described above is displayed to inhibit uneven image
density reading and unevenness correction data
rewriting. Therefore, since the operator inputs the
type of recording médium, the same effect as described
above can be obtained without forming the
identification mark.

Refe:;ing back to. Fig. 36, when a recording medium
is suitable for unevenness correction processing, the
flow advances to step S7 to perform temperature
adqutment due to the following reason.

In an ink-jet recording apparatus, each recording
head is ﬁaintained within a predetermined:£emperature
range (e.g., about 40°C as a first temper&ﬁﬁre
adjustment standard) to generally suppress variations
in image density and perform stable injection. When
this sequence is started to record a test pattern,

recording is performed at 40°C serving as the first
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temperature adjustment standard of the recording head
temperature, as indicated by a region a in Fig. 38. On
the other hand, when continuous image recording is to.
be performed in practice, the head is heated, and
recording is performed at a maximum temperature of 50°C

serving as a second temperature adjustment reference,

as indicated-by a regioén b in Fig. 38.

According to experimental results, as shown in
Fig. 39A, it is known that a magnitude of a density (OD
value) is changed in accordance with a change.in
temperature of the recording head. In this case, as
shown in Fig. 39B, when unevenness correction at 40°C
is performed, a uniform image can be obtained at a head
temperature of 40°C. However, unevenness is still left
in an image formed at a head temperature of 50°C.

In the apparatus of this embodiment, the
temperature adjustment unit 113 (heater and fan) are
properly turned on/off in accordance with the
temperature of the recording head 1 in the normal

recording mode or a recording standby mode, thereby

'maintaining the recording head temperature within a

predetermined temperature range (about 40°C), as shown
in Fig. 38. To the contrary, in uneven imaéé density
correction processing, a setup ieﬁperature is increased
to 45°C. More specifically,';he temperature adjustment
standard in test pattern_printing is set higher than

the temperature adjustmént standard of the normal
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recording mode. By appropriately turning on/off the
heater and the fan, the head temperature is increased
to about 45°C, and an uneven image density check test

pattern is recorded, thereby performing uneven image

density correction is performed on the basis of the

recdrded test pattern. In this manner, recording of a
redording head can be stably performed by temperature
adjustment. That is, for example, a test pattern is
formed at the head temperature of 45°C, and.the unevén
image density correction is performed on the basis of
the test pattern, as shown.in Figs. 39A to 39C, thereby
performing almost uniform uneven image density
correction.

'In this embodiment, test patterns are printed at
the head temperature of 40°C as the first temperature
adjustment standard and 50°C as the maximum temperature
(i.e., the second temperature adjustment standard),
uneven image densities of these two test patterns are
detecﬁed, and correction may be performed by an average
value of the uneven image densities (i.e., first and
second density data).

In order to shorten the total uneven image density
correction time and increase the head tempéfature from,
e.g., 40°C to 45°C, an electriéél'pulée which does not
allow ink injection may be applied to recording
elements (electricityéheat conversibn elements) in

addition to the temperature adjustment heater to
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shorten a rise time of the head temperature, thereby
shortening a predetermined period of time until uneven
image density correction is started.

Alternatively, in order to record the following
uneven image density correction test pattern, perform
correction, and decrease the head temperature (45°C -
40°C) to the normal recording state, the fan is driven
and the ink circulation as previously described is
performed to shorten a period of time required until a
recordable state is set.

In addition, the adjustment temperature in the

- test pattern recording mode can be appropriately

determined in association with the temperature
adjustment range in the normal recording mode, as a
ﬁatter of course.

Referring back to Fig. 36, an injection
stabilizing operation ‘is performed in step S9 due to
the following reason. When a recording head does not
have normal injection characteristics due to an
increase in viscosity of an ink, and mixing of dust and

bubbles, and when uneven image density correction

pbrocessing is performed in this state, accurate head

characteristics (i.e., faithful unevenness).cannot be
recognized. ”

In injection stabilizing processing, the recording
heads 1C to 1BK are set to oppose the cap unit 9, the

pressure mode is set, and the ink is forcibly
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discharged from orifices. Orifice surfaces can be
cleaned by bringing thé ink absorbing member arranged
in the cap unit into contact with the orifices or by
air blowing or wiping the orifice surfaces. The
recording head can be driven in the same manner as in
the normal record;ng mode to perform preliminary
injection. Note that driving energy at the time of
preliminary injection is ﬁot necessarily equal to that
in the recording mode.  That is, the same operation as
in a so-called injection recovery operation in the
ink-jet recording apparatus may be performed.

In place of the above operations or after it, an
injection stabilizing pattern may be recorded on a
recording medium.

Fig. 40 shows recording of these patterns. A

pattern @ is an injection stabilizing pattern, a

pattern @ is a test image pattern for testing the

presence/absence of non-injection (this pattern is

formed by sequentially driving orifices while a

. recording medium is being fed in Fig. 40), and a

pattern @ is a test pattern-for detecting.an uneven
imagé density. The injection stabilizing pattern is
obtained by driving all the orifices of all the
recording heads, i;e., a 100% dutj.- By recording this
injection stabilizing pattern, the head temperaturé is
stabilized, the ink supply system is set in a steady

state, conditions for normal recording are given, and
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the presence/absence of injection errors or orifice
defects during actual printing and the uneven image
density can be accurately detectéd.

In an apparatus having the fﬁll multi-recording
head 1 and a. regist adjustmént such that. a maximum
recording width is a slightly larger and an image
recording width, the recording width of ﬁhe test
pattern during recording is preferably larger than the
normal image recording width. Assume that a maximum
sheet siée is an A3 size, that a maximum recérding
sheet size is about 293 mm determined by cbnsidering
right and left mérgins with respect to 297 mm, i.e.,
the short side of the A3 size or the long side of an A4
size, and that a maximum recording width of the
recording head is 295 mm. The orifice'array range is
electrically adjusted, and positional errors between
the mechanical heads and between the recording media
are correctéd. In this case, a test of the width of
295 mm as the orifice array range, and a test pattern
having a length of 295 mm is recorded.

Fig. 41 is a block diagram showing an arrangement
of a circuit for performing the above ope:ation. A
selector 141 selects data to be supplied tdithe
recording head in accordance wfth'image data to be
recorded and test ﬁattern data. Memories 143 and 145
store the image data.to be recorded and test pattern

déta, respectively. A counter 147 is arranged to cause
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an AND gate 149 to select an actual orifice array range
in actual recording. In the above arrangement, the AND
gate 149 outputs image data corfesponding to 293 mm in
actual recording to the selector 141. ‘In the test
pattern recording mode, the test pattern data

corresponding to 295 mm is output from the test image

memory 145 to the selector 141. Therefore, a test can

be performed using a test pattern having a length of

295 mm.
When the above injection stabilizing processing is

completed, desired test patterns are recorded by the

- recording heads 1C to 1BK in steps from step Sll,

uneven image densities are read from these test
patterns, and unevenneés correction data are obtained.
In this embodiment, an operation for one test pattern
recording and reading cycle will be described witﬁ
reference to a timing chart in Fig. 42.

Fig. 42 is a timing chart showing an operation of
the apparatus of this embodiment. An uneven image
density correction sequence is started at a timing a in
Fig. 42. After the above processing is completed, when
the recording mediﬁm 2 is conveyed to the 'image forming
area at a timing b, the’main scanning motof.is driven
at a timing c. Drivers for the cyan, magenta, yellow,
and black recording heads 1C, 1M, 1Y, and 1BK are .
driven at timings d, e, £, g. In steps S11, S21, and

S31 of Fig. 36, test patterns are recorded on the
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recording medium 2. This test pattern is used to read
an uneven image density. 1In this case, the unevenness
correction tables represent straight lines having a
gradient of 1.0,.and a state in wﬁich unevenness
correction is not performed is set. Test patterns are
uniform halftone patterns and print ratios are about
30%, about 50%, énd about 75%.

When the test patterns are to be recorded on the
recording medium 2 by.the corresponding recording
heads, an ink cannot be instantaneously_absorbed from
each recording head to a recording medium, depending on
the t?pes of recording media. An uneven image density
of the test pattern fecorded on the recording medium is
not immediately stabilized.

In this embodiment, in order not to cause the
uneven image density reading unit 14 to read the uneven

image density of the test pattern until the uneven

'image density state of the test pattern recorded by

each recording head is stabilized, a recording sheet is
not fed and is kept stopped for a predetermined period
of time t after recording of the test pattern by the
recording head is completed (steps S13, Sé3, and S33 in
Fig._36). After the uneven image density éﬁate of the
test pattern is stabilized, the recording sheet is
conveyed at a timing i. When the C pattern reaches. the
readihg apparatus, feeding of the recording medium is

stopped. The reading sensor 17 is driven at a timing
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J, and the uneven image density of the C test pattern
is read by the reading unit 14. Thereafter, the uneven
image densities of the M, Y, and BK color components
are read at timings k, ¢, and m; respectively (steps
S15, S25, and S35 in Fig. 36).

According to an experiment conducted by.the
present inventors, when a test pattern was recorded on
an ink-jet recording coated sheet by a recording head
having a resolution of 400 dpi at a print ratio of 50%,
the recording sheet stop time was as short as about 3
to 10 seconds.

Fig. 43 is a timing chart showing another
operation of the apparatus of this embodiment. In this
operation, when recording of a test pattern by a
recording head is completed (time g‘) at a convey speed
v, of conveying the recording medium to the recording
position, and then the recording medium is to be_fed to
the uneven image density reading unit 14, the papér
feed speed is reduced to satisfy condition v, > v,. The
same effect as in Fig. 42 is obtained.

After fixing stabilization described above is
completed, uneven image density reading processing is
performed in steps S15, S25, and S35 in Fig. 36. The
unevenness values of the test pétterns of the
respective colors are read, and unevenness correction
déta'corresponding to the print ratios of the heads are

calculated (steps S17, S27, and S837).
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In this embodiment, although the réading sensor 73
is a single unit, sensor read outputs generally change
in units of colors. For example, when a sensor haviné
spectral characteristics close to-a luminosity factor
is used, the BK component has the maximum output

density, and the output densities are reduced in an

'order of C, M, and Y. For example, an ogtput ratio of

BK : C:t M: Yis given as 1 ¢+ 0.8 : 0.75 : 0.25.

An uneven image density correction quantity is
obtained by a ratio of an intrahead average density and
a density of an orifice of iﬁterest, output differences
do not pose any problem. Assume that an output for C
is K, times the output for BK. An average density of
the head 1BK is defined as ODg, a density of an orifice
of interest in the head 1C is defined as ODy,, an
average density of the head 1C is OD;, and a density of
an orifice of interest in the head lC is defined as
OD.,. If unevenness of the orifice of interest in tﬁe
head 1BK is equal to that of the head 1C, sensor

outputs OD, = K; x ODgp and OD,, = K, X ODg,. In this

case, a correction value for the C component is equal

to that of the BK component as follows:

0D, K, x ODgy _ ODgy

OD., K, X ODgq,  ODpry

For this reason, output differences between the

color components do not pose any problem.
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When an uneven image density correction value is
obtained from an absolute value of a density of an
orifice of interest and a difference between an average
density and the density of the orifice of interest,
sensor output differences between the color components
pose a decisive problem.

For example, when a correction value is to be
obtained from a difference between an average density
and a density of an orifice of interest, the followihg

relation is established:
OD, ~ ODcp = K; (ODgy ~ ODpy,)
This value for the C compohent is X, times that of the
BK component. Correction data for the orifice of
interest is obtained on the basis of the above value.
Although the uneven image densities of the heads are
equal to each other, the final correction value for the
BK component is diffefént from that of the C component.
In this embodimént,-a ratio of sensor outputs 6f
the respective colors is obtained. At the time of

unevenness reading, the CPU 101 multiplies the sensor

~outputs with a reciprocal value of this ratio.

Unevenness correction is then performed on the basis of
the calculated products.

If an output ratio Of BK : C : M : Y is given as 1
: K, ¢+ K; : K3, an 6utput obtained upon reading of tﬁe
BK component is multiplied with 1, an output obtained

upon reading of the C component is multiplied with 1/K,,
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an output obtained upon reading of the M component is

multiplied with 1/K,, and an output obtained upon

- reading of the Y component is multiplied with 1/K,.

With the above technique, the following relation

is obtained:

1/k, x (OD_ - OD

en)

1/K,{K, x (3D, - ODgp)}
%Zig;"onm

Optimal correction can be performed without being
influenced by the ratio of sensor outputs of the
respective colors.

Sensor output correction need not be performed by
the CPU 101, but can be performed in the preprocessing
section.

When the A/D converter 127 comprises, e.g., an
8-bit A/D converter, an output value of each color must
be converted into 8-bit digital data of the dynamic
range. This is very effective against a decrease in
resolution of the read data of each color.

As shown in Fig. 44, amplifiers 135C, 135M, 135Y,
and 135BK are arranged to amplify read signals of the
respective colors. Sensor outputs of thejread signals
of the respective colors in Fig. 45A are set to be
almost equal to each other, as 'shown in Fig. 45B. The
read signal width for A/b-convertiﬁg the read signals
can be set narrow as a whole. A read data resolutién
in an 8~bit arrangement can be increased, and the read

precision can further be improved.
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On the basis of the above results, in stéps s17,
S27, and S37'of Fig. 36, an unevenness cor;ection value.
ASns;, at a 50% duty,.an unevenness correction value Ashm
at a 30% duty, and an unevénness éorrection value ASn;s
at a 75% duty are dbtained. In this calculation
sequence, signals are sampled from the:unevénness-free
signals. 1In this case, the number of signals
corresponds to the number of orifices. The sampled
data are defined as datalrespectively corresponding to
the orifices. For example, these daﬁa are defined as
Ry, Rzs..., Ry (N is the number of orifices) and are
temporarily stored in the RAM 119. The following
operation is performed by the CPU 101.

These data are processed and converted into

density signals as follows:_

Ca = ~1log(R,/Ry)

_where R, is the constant satiéfying condition Ry =2 R;; 1

S n S N.

"An average density is then calculated as follows:

T=3 C,/N

a=1
Subsequently, an aberration of the déﬁgity
corresponding to each orifice f;om the avefage density
is calculated as follows: |
ACn = A x AC,
More specifically, valugs ASng,, ASn,,, and ASn,s are

calculated in steps S17, S27, and S37, respectively.
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In the above equation, A is the coefficient
determined by gradation characteristics of a head. For
example, if the gradation characteristics aré linear,
the coefficient'is given as A = 1. Otherwise, the
coefficient A falls within the range of about 0.6 to
about 1.4. When this setup operation is performed and
even if an operation for obtaining a ASn value is
repeatedly performed, the number of repetitions can be
reduced.

A final correction quantity ASn is obtained as ASn

= (ASng, + ASns, + ASn;s) from the values ASny, ASns;, and

_ASn,;s. Selection signals of correction straight lines

to be selected are obtained in accordance with ASn
values, so that correction signals, the number of which
corresponds to the number of orifices and each of which
has 61, i.e., "0" to "60", values are stored in the
unevenness correction RAMs 129C to 129BXK. For example,
if ASn = 1.1, then Cn = C/1.1. A density of a pixel
formed by this orifice is 1/1.1 of the average density.
When an unevenness correction signal for selecting a
correction straight line having a gradient of 1.1 is
stored in the corresponding area in the uﬁeyenness
correction RAM. Correétion data for seledéing a
correction straight line having a'gradieht equal to ASn
is stored for each orifice.

Different Y straight lines in units of orifices

are selected by the generated unevenness correction
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data, thereby correcting the uneven image densities.
In addition to the duties.of 35%, 50%, and 75% for
halftone images, an appropriate .duty can be obtained
for a halftone image. The number of duties or duty
ratios can be appropriately determined, as a matter of
course. |

In this embodiment, unevenness correction data

representing simple average values for three halftone

'images of duties of 30%, 50%, and 75% are obtained.

However, in an actual image, since a 75% halftone image
has a considerably high tone, unevenness is not so
visually conspicuous due to the considerably high tone.
Similarly, a 30% halftone image does not visually have
conspicuous unevenness due to a low tone as compared
with a 50% halftone image.--For this reason, when
simple averaging is performed, an unevenness correction
effect of the 50% haiftone image is sacrificed to some
extent. In order to improve this, the values ASn,,,
ASn,,, and ASn;s can be weighted, and the weighted values
can be averaged.

The same operations as in Fig. 36 are performed
until the values ASn@, ASns,, and ASn,s are-obtained.'
However, an average value is obtained as follows in
step S41: |

ASn = (alASn3o + a,ASns, + a3;ASnys)/(a; + a; + a3.)

The valués a;, a,, and a, aré preferably set to be about

a, = 2, a; = 3, and a; = 1. However, these values can
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be arbitrarily obtained in the rangés of 0.25 < (a,/a,;)
< 1 and 0.25 < (aj/a,) < 1.

With the above technique, a sufficient unevenness
correction effect for all the halftone images can be
obtained in consideration of visual peiception of

unevenness.
The above weighting coefficients é,, a,, and a; can
be designated. Although the a,, a,, and a; values are

generally set to fall within the above ranges, most of

- the halftone images belong to 30% and 75% halftone

images which are preferentially emphasized over the 50%.
halftone image. In.order to perform unevenness
correction again so as to form unevenness-free images,
since other values other than the above a,, a,, and a,
values are often better to be set, an improvement is
preferable to cope with this situation.

A portion 180 represented by a Broken line in
Fig._34 is a coefficient indication means capable of
setting a,, a;, and a; values. This coefficient
indication means can be set in the indication input
unit 106. This setup operation can be pérformed in
accordance with a type of recording mediﬁh used by a
user and a way of causing unevenness of each head.

The a,, a,, and a; values may be directly set.
However, a user can designate a desired halftone

density, and the a,;, a,, and a, values are automatically
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set in accordance with the designated halftone density,
thus resulting in convenience.

For example, when a 30% halftone density is
designated, then conditions a; = 3, a, = 2, and a, = 1
are given. When a 50% halftone densiﬁy is designated,
then a; = 2, a, = 3, and a; = 1 are set. When a 75% .
halftone density is designated, then a; =1, a, = 2, and
a; = 3 are set. |

With the above setup operation, a desired halftone
density can be arbitrarily set. At the same time,
unevenness correction data for obtaining a sufficiently
satisfactory unevenness correction effect can be
obtained for other halftone densities.

An embodiment.obtained by applying the presen£
invention to a serial printer will be mainly describgd
below. 1In the.following embodiments, the same control
systems and processing sequences as described above can
be employed, as a matter of course.

Fig. 46 is a schematic view showing the seventh
embodiment obtained when the present invention is
applied to a serial printer tfpe ink-jetfrecording
apparatus. Recording heads 201C, 201M,-201Y, and 201BK
receive cyan, magenta, yeliow, and black inks from ink |
tanks (not shown) through ink tubes, respedtivelyf The
inks_supplied to the recording heads 201C, 201M, 201Y,
and 201BK are dfiven in accordance witH-é recording

signal corresponding to recording information supplied
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from a main control unit almost identical to that in
Fig. 33. Ink droplets are injected from the respective
heads to record information on a recording medium 202.

A convey motor 208 is a driving source for
intermittently feeding the recording medium 202. A
main scanning motor 206 for driving a feed roiler 204
and a convey roller 205 serves as a driving source for
driving a main scanning carriage 203 in directions of
arrows A and B through a main scanning belt 210. 1In
this embodiment, since accurate paper feed control is
required, the paper feed motor 208 and the main
scanning motor 206 comprise pulse motors.

When the recording medium 202 reaches the paper
feed roller 205, a paper feed roller clutch 211 and the
convey motor 208 are rotated to convey the recording
medium 202 to the convey roller 204 oiong a platen 207.
The recording medium 202 is detected by a sensor 212
arranged on the platen 207, and a detection signol from
the sensor 212 is used for position control, jamming
control, and the like. When the recording medium 202
reaches the convey roller 204, the paper feed roller
clutch 211 and the convey motor 208 aré-turned off. A
suction motor (not shown) is operated to start a
suction operation from the inside of the platen 207.
The recording medium 202 is brought into tight contact
with the platen 207 serving as an image recording area.

Prior to an image recording operation on the recording
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medium 202, the scanning carriage 203 is moved to the
position of a home position sensor 209. Forward
scanning is performed in the direction of the arrow A,
and cyan, magenta, yellow, and black inks are injected
from predetermined positions from the recording heads
201C to 201BK to perform image recording. When image

recording by a predetermined length is completed, ﬁhe

scanning carriage 203 is stopped. At this time,

backward scanning is started in the direction of the
arrow B opposite to the direction of the arrow A. The
séanning carriége 203 is returned to the home positidn
sensor 209. During backward scanning, paper feeding by
a length of sheet recorded with the recording heads
201C to 201BK is performed by causing the convey motor
208 to drive the convey roller 204 in a direction of an
arrow C.

In this embodimént, each of thé recording heads
201C to 201BK comprises an ink-jet recording head.fbr
forming a bubble by heat and injecting an ink droplet
by a pressure of the bubble. Four ink-jet recording
heads each having 256 orifices are used as the
recording heads 201C to 201BK. |

When the scanning carriage 203 is stopped at the
home position detected by the hnhe position sensor 209,
a recovery operation of the recording heads 1 is ~
performed once.by a recovery unit 220. This operatinn

aims at performing a stable recording operation. In
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order to prevent injection start unevenness caused by a
change in viscosity of an ink left in the orifices pf
the recording head 201, operations such as a suction
operation for the recording head 201 by the recovery
unit 220 and an ink preliminary injection operation are
performed in éccordance with programmed conditions such
as stop time, a temperatufe inside thé-apparatus, and
injectibn time.

The operations described above are repeated to
record an image on the entire surface of the recording
medium. Under the control of a control circuit 215, an
uneven image density reading unit 214 reads test
patterns printed on the recording medium 202 upon
application of uniform image signals to the recording
heads 201C to 201BK and outputs read signals. The
uneven image density reading unit 214 is arranged
outside the image recording area. 1In this embodiment,
the uneven image density reading unit 214 is arraﬁged
to face the recording surface of the recording medium
on the downstream side of the recording head along the-
convey direction (i.e., the direction of the arrow C)
of the recording medium 202. As describéd above, the
recordiné medium 202 on which test patterns are
recorded is illuminated with a iight source 218.
Recording densities of the test patterns recorded on
the recording medium by the recording heads are read by

reading sensors 217C, 217M, 217Y, and 217BK. Test
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pattern signals read by the reading sensors 217C, 217M,
217Y, and 217BK are converted into digital signals by
an A/D converter 236, and the digital signals are
temporarily stored in a RAM.;19. )

Fig. 47 is a schematic view for explaining a
reading unit of this embodiment. 'In.order to improve
reading precision of uneven image denéities of the test
patterns recorded on the recording medium 202 by the
recording heads, color filters 220R, 220G, and 220BL
are arranged on a light source 218 on the recording
medium side. R, G, B, and L light components Are
radiated on the C, M, and Y test patterns recorded on
the recording medium 202. In this manner, by emitting
light components of complementary colors onto the C, M,
and Y test patterns, different spectral sensitivities
of the readihg sensors 217C, 217M, 217Y, and 217BK need
not be employed in units of test pattern colors.

Uneven image densities of the respective colors cén be
read by using sensors having identical spectral
sensitivities.

With the above arrangement, the press member
described above can belused to prevent sheet floating
during reading.

Fig. 48 is a schematic view ‘of the eighth
embodiment obtained when the present invention is-
applied to a serial printer type apparatus. Uniform

image signals are applied to the recording heads 201C,
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201M, 201Y, and 201BK to read test patterns recorded on
the recording medium 202, and read signals are output
as in the above arrangement. In this case, the une&en
imagé density reading unit 214 arranged outside the
image recbrding area is constituted by a line reading
sensor 232 and a light source 233.

In this embodiment, the uneven image density
reading unit 214 is located to face the recording
surface of the recording medium on the downstream side
of the recordiﬁ§ head in the convey direction (i.e.,
the direction indicated by the arrow C) of the
recording medium 202, and a press member similar to the
one described previoﬁsly is arranged. When a test
pattern recorded on the recording medium 202 is to be
read, a distance between the recording medium 202 and
the reading sensor 232 can be easily kept constant. 1In
addition, only one reading sensor is required, thereby
providing a compact apparatus.

As shown in Fig. 49, R, G, B, and L color filters
234R, 234G, and 234B are arranged on the reading side
of the reading line sensor 232 so as to gorrespond to
the positions of the test patterns recorded by the
respective recording heads, thereby improving reading
precision of the reading sensor 232 for the print
patterns of the respective colors. As described with
reference to figs. 44, 45A, and 45B, the color read

signals from the reading sensor 232 are amplified by
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amplifiers 235C to 235BK, respectively, to increase the
resolution of the read data, thereby fupther improving
reading precision. |
Fig. 50 shows the ninth embodiment obtained by
applying the present invention to a serial printer type
apparétus; Ih this embodiment, when.test patterﬁs are
to be recbrded oﬁ a recdrding medium 20 upon seiective

scanning of a carriage having recording hedds 201¢C,

'201Y, 201Y, and 201BK in directions indicated by arrows

A and B, a test pattern is recorded by each recording
héad'every écanning cycle of the carriage 203. After

the reading line sensor 232 reads the test pattern

-recorded on the récording medium 202, the carriage 203

is scanned again, and another test pattern is recorded
on the recording medium 202 by the next recording head.

According to this embodiment, by réading each test
pattérn recorded on the recording medium by each
recording head in units of colors, the capacitf of the
RAM 219 for storing the ﬁest pattern read data can be
reduced to 1/4, thereby further simplifying the
structure of the apparatus. _

?ig. 51 schematically éhows the tenth embodiment
obtained by applying the present invention to a serial
printer type apparafus. In thié-embodiment,.a test
pattern recérding unit for causing a recording head to
record a test pattefn and an uneven image density

correction unit 237 constituted by a test pattern
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reading unit are arranged outside an image recording

area.
In this embodiment, when an uneven image density

state of the test pattern is stabilized after a test

pattern is recorded on a test pattérn recording sheet

231 of a test pattern recording unit by each recording

head, the test pattern recording sheet 213 is conveyed

to the uneven image density reading unit.

As described aﬁdve, according to the present
invention, final unevenness correction data is obtained
from unevenness correction data of a plurality of test
images having different densities, e.g., the average
vaiue of the unevenness correction data, thereby
obtaining a sufficient unevenness corréction effect for
an image having any image densitf.

The eleventh embodiment of the present invention
will be déscribéd with reference to Figs. 52A and 52B.
The same reference numerals as in Fig. 18 denote ﬁhe
same parts in Figs. 52A and 52B. A density step
pattern generating means 1191 changes a print ratio (to
be referred to as a print duty hereinafter) prior to
uneven image density correction prOCessihg,
appropfiately drives the recording head, and forms a
test pattern whose density is cﬁanged stepwise. The
print ratio (print duty) is defined as a ratio of a dot
count assignable to a pixel to a maximum dot count when

each pixel for forming a recording image is constituted
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by a plurality of dots recorded on the recording medium
with an ink injected from each orifice. Alternatively,
the print duty is defined as a ratio of print dot count
to a maximum dot count represenﬁing dots which can be
recorded in a unit area.

A test pattern read means 1014 reads a test

pattern which is formed on a recording,medium 1002 with

a :ecording head 1001 and the density of which is
changed stepwise so as to correct the uneven image
density. The read means 1014 iﬁéludes-a light source
for emitting light onto the surface of the recording
medium, a sensor for receiving light reflected by the
surface of the recording medium, and an appropriate
converter. An uneven image dénsity correcting means
1020 corrects drive conditions of the recording head so
as to suppress the uneven image density.in aécordance _
with density data read from test patterns.

Fig. 52B is a view showing a detailed arrangement
of the uneven image density correcting means 1020. A
read signal memory 1119 stores read signals of test
patterns read by the uneven image density read means
1014. The read signal memory 1119 storés_the read

signals in units of steps set by the density step

pattern generating means 1191 in- correspondence with

the orifice positions. An even density characteristic
detector 1121A detects a print duty of each orifice

when a predetermined density is obtained.
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When a print duty of a standard orifice is given
as 50%, the corresponding deﬁsity is defined as 0.55.

In practice, this density is not often obtained at the

above print duty. For example, there are an orifice

for obtaining this density at a print duty of 46% and
an orifice for obtaining this density at a print duty
of 58%. This phenomenon causes an Qneven image
density. In this embodiment, test patterns are_formed
while a print duty is changed stepwise so as to change
the corresponding density stepwise. A print duty -
corresponding to a predetermined density (e.g., 0.55)
is extracted in units of orifices, and the result is
defined as an even density characteristic.

An even density-correction parameter arithmetic
operation unit 1121B calculates an optimal correction
parameter to obtain an even density in accordance with
the detected even density characteristic. A nemory
1129 stores the correction parameters in units of
orifices. A modulator 1122 modulates image signals in
accordance with correction parameters. A signal
selector 1193 selects an output from the image signal
modulator 1122 and selectively supplles ‘it to a driver
1112 for the recording head 1001. -

The read signal memory 1119 having the above
arrangement corresponds to the RAM 119 in Fig. 34, the
correction parameter memory 1129 corresponds to the

unevenness correction RAMs 129C, 129M, 129Y, and 129Bk,
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and the image signal modulator 1122 corresponds to the
unevenness correction tables 122C, 122M, 122Y, and
122Bk (or may include the gradation correction tables
130C to 130Bk and 131C to 1313’kj. The even density
characteristic detector 1121A and the even
density-correction parameter arithmetic operation unit
1121B can be realized as functions of ﬁhe CPU 101. The
signal selector 1193 can also be realized as a function
of the CPU 101, i.e., as a funétion of selectively
outputting a density step pattern generation signal and
the modulated image signal to the driver.

The density step count of the test pattern can be
appropriately determined. Even if a step count is
considerably small, an even density characteristic can
be obtained by appropriate interpolatibn.

The same mechanical arrangement, the reading
system, and the control system as in the sixth
embodiment are used, and a detailed description thereof
will be omitted. Fig. 53 shows a detailed arrangement
of a system for correcting an uneven image density of -
the embodiment. A density step pattern generator 191
(corresponding to the density step pattern generating
meané 1191) is arranged in place bf the ébefficient
indication means 180 in Fig..34l- |
| Fig. 54 shows an uneven correction table. 1In this
embodiment, the unevenness correction table has a

plurality of different correction curves in a
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relationship between the input image density and the
print duty. Correction curves are selected in

accordance with unevenness correction signals 130C to

130BK. A correction curve having a print duty

coinciding with the print duty obtained by an even
dénsity characteristic detection operation at a
predetermined input image density is selected to
correct an image signal (to be described later). |

Unevenness correction RAMs 129C to 129BK storé
selection signals of correction curves necessary for
correcting unevenness values of the heads. More
specificdlly,'the unevenness correction RAMs 129C to
129BK store correction signals respectively
corresponding to the plurality of correction curves,
the number of correction signals being equal to the
number of orifices. Unevenness correction signals 130C
to 130BK are output in synchronism with the input image
signals. Signals 123C to 123BK unevenness-corrected by
the correction curves selected by the unevenness
correction signals are input to gradation correction
tables 130C to 130BK. The gradation characteristics of
the heads are éorrected, and the correctéd signals aré
output. The resultant signals are binariied by

binarizing circuits 131C to 131BK. The binary signals

then drive the heads 1C to 1BK through head drivers,

thereby forming a color image.
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Fig. 55 shows an unevenness correction processing

sequence of this embodiment. Steps S1 to S9 in Fig. 55

are the same as steps S1 to S9 in Fig. 36, and a

detailed description thereof will be omitted.

When injection stabilizing processing in step S9

'is completed, predetermined patterns are recorded by

the recording heads 1C to 1BK in step Sl1 (to be
described in detail later), and uneven image densities
are read from these test patterns. Test pattern
recording and uneven image density reading will be
described with reference to a timing chart in Fig. 42.
Fig. 42 is a timing chart showing an operation of
the apparatus of this embodiment. An uneven image
density correction processing sequence is started at a
timing a. The recording medium 2 is conveyed to the
image recording area at a timinglg upon cqmpletion of
the above processing. The main scanning motor is
driven at a timing ¢. The drivers for the cyan;
magenta, yellow, and black recording heads 1C, 1M, 1Y,
and 1BK are driven at timings d, e, £, and g, and test -
patterns are recorded on the recording medium 2. These
test pattérns are used for reading une&en image
densities. At this time, all the.gradients of the
characterisﬁic curves of the unevenness correction
tables are set to be 1.0, and no unevenness correction

is performed. In this case, a uniform halftone pattern
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is used, and a print duty falls within the range of
about 30 to 75%.

When the test patterns are recorded on the
recording medium 2 by the reco:ding heads, inks
injected from the recording heads may not be
immediately absorbed on recording media depending on
their types, and uneven image densities of the test
patterns recorded on the recording medium 2 are not
immediately stabilized. |

In this embodiment, until the uneven image density.

of the test pattern recorded by each recording head is

- stabilized, conveyance of the recording sheet is kept

stopped for a predetermined period of time upon
completion of recording of the test patterns by the
recording heads so as to not to cause the uneven image
density reading unit 14 to read the uneven image
density of the test pattern (step S13 in Fig. 55).
After the uneven image dehsity of each test pattefn is
stabilized, the recording medium is conveyed at a
timing i. When the C pattern reaches the reading unit,
the recording medium is stopped. The reading sensor 17
is driven at a timing j, and the uneven image density
of the C test pattern is peﬁformed. Thereafter, uneven
image densities of the M, Y,”aﬂd'BK color components
are read at timings g; 2, and m, respectively.

The apparatus of this embodiment may be operated

in accordance with the timing chart shown in Fig. 43.
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Unevennesé reading is performed in step S15 of
Fig.'55 after fixing stabilization is completed. That
is, unevenness values are read from the test pattefns
of the respective color componeﬁts, and unevenness
correction data for the.respective heads are rewritten.

In this embodiment, the unevenness reading sensor
71 comprises a single sensor. Read outputs from a
sensor vary depending on different colors.

In this embodiment, a ratio of sensor outputs of
the respective colors is predetermined as in the sixth
embodiment. A reciprocal value of this ratio is
multiplied with a sensor output under the control of
the CPU 101 at the time of unevenness reading, thereby
performing uneﬁenness correction on the basis of the
resultant product.

The sensor output need not be performed by an
arithmetic operation in the CPU 101 but may be
performed in a cirtuit connected to the input of the
CPU 101. |

When the A/D converter 127 comprises, e.g., an
8-bit A/D converter, an output value of each color must
be converted into 8-bit digital data of the dynamic
range. This is_ﬁery effective agéinst a decrease in
resolution of the read data éf each color due to the
same reason as described with.reference to Figs. 44,

45A and 45B.
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Unevenness correction is performed in step S17 of
Fig. 55 on the basis of the above operations. More
specifically, signals are sampled from the |
unevenness-free signals. In this case, the number of
signals corresponds to the number of orifices. The
sampled data are defined as data respectively
corresponding to the orifices. For example, these data
are defined as R;, Ry,..., Ry (N is the number of
orifices) and are temporarily stored in the RAM 119.
The following operation is performed by the CPU 101.

These data are processed and converted into
density signals as follows: .

Ca = -1og(R,/Ro)
where R, is the constant satisfying condition Ry 2 R,; 1
£ n £ N.

A test pattern @ for correcting an uneven image
density, as shown iﬁ Fig. 40, is a density step pa;tern
having print duties of 40%, 50%, and 60%, as sthn in
Fig. 56A in detail. This density step pattern is read
by the reading unit 14, and is converted into the
density signal, as previously described. This density
signal is corrected.by the arrangement in Fig. 52B in
principle and by the a:rangemegt shown in Fig. 53 in
practice.

In this density step pattern, if the injection
characteristics of the N orifices are uniform, a

halftone pattern can be obtained as a uniform image
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free from unevenness. However, an uneven image density
caused by variations in injection characteristics is
generally obtained in accordance with an array of N
6rifices, as shown in Fig. 56B. In the unevenness
shown in Fig. 56B, a high density is obtained near an
orifice A, and a minimum dehsity is obtained near an
orifice B.

The average density of a recorded image at a p:int
duty of 50% is geneially 0.55. An even density
characteristic detection operation having a density of
0.55 is performed from the read density signals. That
is, a print duty corresponding to the density of 0.55
is obtained for each orifice on the basis of the
density signal. The calculation result is shown in
Fié. 56C.

An orifice located near the orifice A having the
maximum density is found to be set at a print duty of
46%, and an orifice located hear the orifice B ha@ing
the minimum density is found to be set at a print duty
of 58%. 1In this manner, for example, when an image
signal designates'a'recording density of 0.55, print
duties of the halftone patterns corresponding to the
respective orifices are determined in accérdance with
the even density 6haracteristic7shown in Fig. 56C.

When the even density characteristic of each
orifice described above, i.e., when a print dufy for

realizing a density of 0.55 for each orifice is
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obtained by an even density characteristic detection _
arithmetic opération, an even density correction
parameter of each orifice is arithmetically calculated.
In this arithmetic operation,.an optimal correction
curve for each orifice is selected from a correction
curve shown in Fig. 35 in accordance with the following
method. A correctién curve having'a print duty
coincidiﬁg with that corresponding to the density of
0.55 obtained in the even density characteristic
detection arithmetic operation is selected. For
example, correction curves A and B in Fig. 35 are
selected for the orifices A and B shown in Figs. 56B
and 56C. The resultant correction curves are set in
the correction parameter memory 1129 (Fig. 52B) in-
units of orifice numbers. More specifically, the
correction curves stored in the unevenness correction
tables 122C to 122Bk are caused to correspond to the
orifice numbers in the unevenness correction RAMs i29€
to 129Bk shown in Fig. 53 in units of orifice numbers,
thereby setting thé correction curves.

The correction may be performed every
predetermined number of orifices,.i.e:, in units'of
orifice groups. In this case, test paéﬁern reading may
be performed in units of g;oﬁps;

‘After determination step S19 in Fig. 55 is
completed, the test patterns are recorded.again with

the recording heads in accordance with correction data..
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The test patterns recorded by the recording heads are
read by the uneven image density reading unit 14 again
to calculate the uneven image density correction data.
These operations are repeated to complete the uneven
image density correcgion operation.

By single processing for each recording medium,
recording of test patterns with each recording head a
plurality of times, reading by means of the uneven
image density reading'unit 14, and uneven density
correction data calculations can be automatically
repeated. Uneven image density éorrection precision of
each recording head can be improved even if this
recording head cannot perform satisfactory unevenness
correction by one cycle. A total correction time can
be shortened.

According to the uneven image density correction

operations based on test pattern printing and reading

- of this embodiment, since correction is performed on

the basis of a plurality of-density patterns,
sufficiently accurate uneven image density correction'
can be performed by a single cycle or a few cycles each
consisting of pattern reading and correé;ion.

Fig. 57 shows another dgnsity step pattern shown
in Figs. 56A and 56B. The valﬁé of this step pattern
is increased by eleven steps every 10% from the print
duty of 0% to the print duty of 100%. Correction

curves of all the orifices are set to be three
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densities of 0.25, 0.5, and 1.0 in accordance with an
even density characteristic detection arithmetic
operation. According to the resultant correction
parameters, accurate correction.can be performed in a
wide range from a low region to medium and high density
regions, thereby obtaining a high-quality image.

Uneven image density correction of each embodiment
described above has been described with reference to an
ink-jet recording head. However, correction can be
similarly performed for a thermal recording head using
thermal paper. This will be described as the twelfth
embodiment with reference to Figs. 58A to 58C.

Images having a brint duty of 100% are output as
three density step patterns at three pulse widths of
0.7, 0.9, and 1.1 msec, and test patterns are similarly
obtained as in Fig. 26A. A density distribution
obtained by reading these test patterns is shown in
Fig. 58A. A result obtained in an even density
characteristic detection arithmetic operation for a
density of 0.6 on the basis of the density distribution
of Fig. 58A is shown in Fig. 58B. A cor;éction'curve
table representing even density correction parameters
obtained on the basis of the pulse widths-in units of
heating elements obtained by this arithmetic operation
is shown in Fig. 58C. [

As described above, according to this embodiment,

a test pattern having different densities changed
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stepwise is formed, and a drive condition given for
every recording element or every predetermined number
of recording elements, which corresponds to a
predetermined density,.can be determined by a smaller
number of pattern prints'and detection ‘operations.
Since the recording elements are driven at the time of
image formation on the basis of the determination
results, accurate une%en image density correction can
be performed within a short period of time.

The thirteenth embodiment of the present invention
will be described with reference to Fig. 59. The same |
reference numerals as in Fig. 18 denote the same parts-
in Fig. 59, and a detailed description thereof will be
omitted. |

A read means 1014 reads a color original and
outpuﬁs color signals subjected to recording. The read
means 1014 includes a light source for emitting light
onto a surface of a recording medium and a sensor for
receiving light reflected by the surface of the
recording medium. An uneven image density correction
means 1020 corrects recording head drive conditions in
the recording mode in accordance with uneven image
densities read from test patterns. |

A color correction meansJIOl7 performs appropriate
correction of the color signals output from the read
means 1014. In a normal copying mode, an output from

the color correction means 1017 is supplied to
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recording heads 1001. A control means 1131 causes the
color correction means 1017 to perform different
correction operations in a normal original image reéd
mode and a test pattern read mode.

In the above and foilowing embodiments, the read
means is arranged as an output source for image data to
be formed. HoweVer, an appropriate means except for
the read means may be arranged.

Fig. 60 shows a schematic arrangement of an image
forming apparatus having a recording unit constituted

by an ink-jet recording apparatus according to the

‘thirteenth embodiment of the present invention. The

same reference numerals as in the sixth embodiment of
Fig. 19 denote the same pér;s in Fig. 60, and a
detailed description thereof will be omitted.

An image reading unit 14 is arranged integrally
with or separately from a recording apparatus. The
image reading unit 14 is used to read an original’image
in a normal copying ﬁode and a test pattern in an even
density correction mode. A reading unit scanning
mechanism 15 scans the reading unit 14. lThese
compénents will be described in detail with reference
to Fig. 61. An image processing unit 27 brocesses the-
read image data (to be described-in detail with
reference to Fig. 63).

In uneven_imagé density cbrrection, a separate

original having test patterns may be read by the
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reading unit 14, or test patterns are formed on
recording media stored in a cassette 38. 1In the latter
case, a pickup roller 39 is rotated in a direction of
an arrow F as in the normal recording mode to feed the
recording medium 2 onto a conveyor belt 40. Upon
rotation of rollers 41, the recording medium 2 is
conveyed together with the conveyor belt 40 in a
direction of an arrow E. At this time, each recording |
head is driven to record each test pattern on the
recording medium 2. The recording medium on which the
test paﬁterns are recoided is discharged onto a tray
43.

Thereafter, the recording medium on ﬁhich the test
patterns are recorded is set in the reading unit 14,
and the test patterns recorded on the recording medium
are read by a reading sensor or the like.

Fig. 61 shows a structure of the reading unit and
its scanning mechanism of this embodiment.

A transparent glass plate or the like is placed on
a scanning portion.of a reading head 60. An original
faces downward and is placed on the transparent glass
plate, so that an image on the origina1 2_can be read
by the reading head 60. An illustrated position of the
reading head 60 is the home position-of the reading
head 60 in Fig. 61. |

Referring to Fig. 61, the reading head 60 is slid

along a pair of guide rails 61 and 61’ to read an
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image. The reading head 60 comprises an original
illumination light source 62, a lens 63 for focusing an
original image on a photoelectric conversion element
group such as a CCD, and the like. A flexible cable 64
#upplies power to the light source 62 and the
photoelectric conversion eleﬁent and -transmits image
signals and the like from the photbelectric'conversion
elements. |

The reading head 60 is fixed to a driving force
transmission portion 65 such as a wire of a main
scanning direction (G and H directions) perpendicular
to a recording medium convey direction. The driving
force transmission portion 65 of the main scanning
direction is looped between pulleys 66 and 66’ and is
moved upon rotation of a main scanning pulse motor 67.
Upon rotation of a main scanning pulse motor 67 in a
direction of én arrow I, the reading head 60 is moved
in the direction of the arrow G and reads image line
information in a direction perpendicular to the main
scanning direction of the arrow G in uniﬁs of bits
corresponding ﬁo the photoelectric conversion element
group. l_

When the image is read by a predetermined width,
the main scaﬁning pulse motor 65'is rotated in a
direction opposite to that of thé arrow I. At this
time, the reading head 60 is moved in the direction of

the arrow H and return to the initial or home position.
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Carriages 68 and 68’ are slid along guide rails 69
and 69’ in a sub-scanning (F) direction almost
perpendicular to the main scanning direction of the
arrow G. The carriage 68’ ié fixed to a driving force
transmission portion 72 for the sﬁb-scanning (F)
direction such as a wire looped between pulleys 71 and
71°.

ﬁpbn completion of main scanning G, the pulley 71
is rotated by a sub-scanning driving source (not shown)
such as a pulse or servo motor in the direction of the
arrow H and is moved by a predetermined distance (i.e.,
a distance d equal to the feading image width in the
main scanning G direction). The carriages 68 and 68’
are sub-scanned in the direction of the arrow F and ére
stopped. At this position, main.scanning G is started
again. The original image can be entirely read by
repeating main scanning in the direction of the arrow
G, a return operation in the main scanning direction of
the arrow J, and sub-scanning in the direction of the
arrow F.

The original may be sub-scanned in place of
sub-scanning the reading unit. If a séhgqr comprises a
full-line sensor, a mechanism assbéiated with main
scanning can be omitted.

An image signal read from each test pattern is

sent to an image forming unit and is subjected to
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recording head drive condition correction (to be
described later).

Scanning of the reading head having the structure
shown in Fig. 61 will be described below.

As described above, the pulse motor 67 is driven
to scan the ;eading unit 14; i.e., the reading head 60,
fixed to the wire connected to the pulse motor or the
driving force transmission portion 65 such as a timing
belt in the'main.scanning direction of the arrow G,
thereby causing the reading sensor 73 to read the image
recorded on the original 2.

In this embodiment, when the pulse motor 67 is to
be driven by a control circuit (not shown) to convey a
control circuit (not shown), the pulse motor 67 drives
the reading unit convey system at a frequency different
from the resonance frequency of the reading unit convey
system, as described with reference to Figs. 31 to 32C.

In this embbdimenf, the reading unit 14 is dfiven
at a frequency £, except for the resonance freqﬁency of
the reading unit convey system to read the image at a
constant read speed v, thereby accurately feading the
image without receiving iﬁfluences of vib;ations of the
convey system.

The control system of the.ﬁpparatus having the
above arrangement by coupling the above components will

be described below.
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Fig. 62 shows an arrangement of the circuit
system. This arrangement is the same as that of
Fig. 33 except that the driving unit 114 for the filter
switching unit is omitted, and é detailed description
of the respective components wiil be omitted.

The image processing unit and the uneven image
density correction unit as preprocessing units of this
embodiment will be described below.

Fig. 63 shows én arrangement of the imagé
processing unit and the uneven image density correction
unit. The reading unit 6utputs R, G, and B read
signals 302a, 302b, and 362c. These signals are input
to a black offset-shading éorrection circuit 303. The
black offseteshading correction circuit 303 outputs
signals 304a, 304b, and 304c. These signals are input
to an input masking circuit 305. The input masking
circuit 305 outputs: signals 306a, 306b, and 306c.

These signals are input to a logarithmic transformation
ciréuit 307. The logarithmic transformation circuit
307 outputs signals 308a, 308b, and 308c. These

signals are input to a black extraction circuit 309.

The black extraction circuit 309 outputs

biack-extracted C, M, Y, and Bk signalsu310a, 310b,
310c, and 310d. These signélsiare input to a masking
circuit 311. The masking circuit 311 outputs masked
signals 312a; 312b, 312c, and 312d. These signals are

input to a y correction circuit. The y correction
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circuit 313 outputs y-corrected signals 314a, 314b,
3l4c, and 314d. These signals are input to an _
unevenness correction table ROM 315 which is allocated
in an area of the ROM 102.

The unevenness correction table ROM 315 outputs

 corrected signals 316a, 316b, 316c, and 316d. Thesé

signals are input to a binarizing,circuit 317. The
binary circuit 317 outputs binary signals 318a, 318b,
318c, and 318d. These signals are supplied to cyan,
magenta, yellow, and black recording heads 1C, 1M, 1Y,
and 1Bk through a driving circuit (driver) 112 as drive
signals 320a, 320b, 320c, and 320d. A RAM 322 stores
data read from test patterns. The RAM 322 and an:
unevenness correction RAM 326 are allocated in an area
of the RAM 104.

Signal processing in a normal image formation mode
will be described below.

' An image of an original read by the readingsﬁnit
14 having R, G,'and B sensors is converted into R, G,
ahd B components. These color components are converted
into the digital R, G, and B siénals 302a, 302b, and
302c by A/D converters (not sown). Thése signals are
subjected to black offset processing and shading
processing by the black offset;Shading correction
circuit 303.

If a standard black plate and a standard white

plate are arranged in an original reading unit
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including the reading unit 14, the above processing
operations can be performed using these plates. The
standard black plate is a black plate having an optical
density of 2.0, and a value A obtained by reading the
standard black plate is stored in units of pixels. The
standard white plate is a white plate having an optical
density of 0.07. -A value B obtained by reading the
standard white plate is stored in units of pixels.

When a value obtained by reading an original image is
given as X, the input signals are converted by the

black offseteshading correction circuit as follows:

X = 255

“B-aX"A

In this case, each output signal from the black
offseteshading circuit 303 is an 8-bit signal and has a
maximum value of 255. This processing can correct
sensitivity unevenness of the reading sensor and light
quantity unevenness in original illumination. :

The R, G, and B-signals processed as described
above are subjected to masking processing in the input
masking unit 305. If input signals to the input
masking unit 305 are given as R, G, and.B, and.signals'
output therefrom are given a§ R’, G', and B’, the
following relations are obtainéd:

| R’ = a;;R + a;,G + a;;B

G’ = anxR + a,G + axB

B” = ayR + a;6 + a;B
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This processing is performed to compensate for an
insufficient spectral sensitivity of the reading sensor
and to obtain ideal R, G, and B outputs. By this
processing, small arithmetic operation coefficients can
be used in the masking unit 311 (to be described
below). It is, however, difficult to obtain
satisfactory color reproducibiiity by only input
masking. In this sense, input masking is an auxiliary
operation.

The R, G, and B signals processed as described
above are logarithmically transformed by the
logarithmic transformation circuit 307 in accordance
with a known method, so that the C, M and Y deﬁsity
signals 308a, 308b, and 308c are output.

These signals are subjected to black extraction'by
the black extraction circuit 309 as follows:
| Bk = min(C,M,¥)

The three density signals are converted into foﬁr
signals, and these four signals are subjected to
masking processing in the masking circuit 311. If
signals input to the masking circuit 311 are given as
C, M, Y, and Bk, and signals output thg;efrom are given
as C*, M’', Y, and Bk, the foliowing relations are
obtained: |

C’r = a";,C + a'le.+ a’';sY + a’ Bk

M’ = a’,nC + a’;M + a',Y + a’yBk

Y'

a'uC + algzM + a'33Y + a'_-“Bk
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Bk’ = a’,C + a',,M + a’, ;Y + a’,Bk

The above processihg is color correction
processing. Thereafter, the signals are subjected to y
correction. The y-correctea signals are subjected to
uneven image density correction of the recording heads
in the unevenness correctioﬂ table ROM 315.using the
unevenness correction table shown in Fig. 35.

The unevenness correction .RAM .326 stores
correction straight line selection signals required to
correct unevenness of the respective heads. More
specifically, the unevenﬁesé correction RAM 326 stores
unevenness correction signals, the number of which
cofresponds to the number of orifices and each of which
has 61 values from a value of "0" to a value of "60".
The unevenness correction RAM 326 outputs correction
signals 327a to 327d in synchronism with an input image
signal. The signalé 316a to 316d whose unevenness
states are cdrrécted by the straight line selected by
the unevenness correction éignals are binarized by the
binarizing circuit 317 using a dither method or an
error diffusion method. The binary signals are
supplied to the heads 1C to 1BK through'the head driver
to form a color image.

When the unevenness correétion processing

described above is performed to decrease a driving

.energy (e.g., a driving duty) of an injection energy

generation element corresponding to an orifice of a
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high density in the head and to increase a driving
energy of an injection energy generation element
corresponding to an orifice of a low density. A$ a
result, the uneven image density of each recording head
is corrected to obtain a uniform image. HoweQer, when
the uneven image density patterns of the heads are
changed dufing use, the currently used unevenness
correction signals become improper to cause unevenness
on the image. In this case, the unevenness correction
data is rewritten.

The following problems are posed by the above
arrangement.

The unéven image densities of the C, M, Y, and Bk
heads must be read and corrected in the image forming
apparatus of this embodiment. It is possible for the
reading unit 14 to read patterns of any colors so as to
oufput the R, G,.and B signals. Sihce the image
density unevenness is a delicate phenomenon, and
reading of the uneven image densities must be performed
with high precision. The C, M, Y, and Bk pattefns are-
preferably read at maximum S/N ratios.

The input signals to the RAM 322 in Fig. 63 are
obtained such fhat the spectral sensiti&ity of the
reading sensor is auxiliarily corrected by the input
masking unit 305. Since average color sepafation
characteristics of all the colors are improved in the

input masking unit 305, it is not necessarily maximize
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S/N ratios for the C, M, Y, and Bk components printed
by the recording heads. For this reason, unevenness
may not be read with sufficiently high precision |
depending on different color components. This can
apply to a case wherein signals input to the RAM 322
serve as outputs 312a to 312d from the masking unit
311.

To the contrary, when input masking coefficients
are set to imprové unevenness reading precision, color
reproducibility in the normal copying mode may be
sacrificed.

To solve this problem, the following arrahgement
is employed in the image processing unit and the
unevenness correction unit.

Fig. 64 shows this arrangement. The same
reference numerals as in Fig. 63 denote the same parts
in Fig. 64. In this case, however, the input masking
circuit 305 can set coefficients a,; to a;;. A seéﬁence
shown in Fig. 65 is employed for unevenness correction.
The operations in the normal copying mode are
substantially the same as described above, and a
detailed description thereof will be oﬁi;ted.

In an unevenness correc;ion data rewriting mode, a
masking coefficient change signél is supplied from the
CPU 101 to the input masking unit 305 to change the

input masking coefficient (step S1 in Fig. 65). 1In

‘this case, the input masking coefficients prior to the
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change are selected to improve average color separation
performance. However, after the change, the
coefficients are selected to mostly increase the S/N
ratios for the C, M, and Y components printed by the
recording heads. | |

The coefficients a;; to a,; are set to maximize the
S/N ratio for reading a cyan pattern. The coefficients
a; to a,; are set to maximize the S/N ratio for reading
a magenta pattern. The coefficients a,, to a;; are set
to maximize the S/N ratio for reading a yellow pattern.

| In this state, uniform halftone images having a
duty of 50% are printed with the corresponding heads,
as shown in Fig. 66, (step S3 in Fig. 65).

Referring to Fig. 66, a recording medium 2 has C(
M, Y, and Bk test patterns TC, TM, TY, and TBk.
Pattérns are printed on both sides outside a reading
width d of each tesﬁ pattern. These side patterns are
formed to elimina£e influences of reflection on thé
background of the recording medium 2.

The recording medium having these test patterns is
placed on the feading unit to read unevenness (step S5
in Fig. 65). These teét patterns are fead while the
feading head 60 in Fig. 61 is moved in a direction of
an arrow A in Fig. 66.

The read signals are subjected to input masﬁing

processing in accordance with the changed masking

coefficients. The masked signals are then
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logarithmically transformed, and the resultant signals
are temporarily stored inlthe RAM 322. Of all the
color test pattern data, data qf central portions ére
extracted and serve as uneven image density data of the
respective heads.

‘The cyan data 308a obtained upon reading of the
pattern TC is used as cyan head unevenness data, the
magenta data 308b obtained upon reading of the pattern
TM is used as the mageﬁta head unevenness data, and the
yellow data 308c obtained upon reading of the pattexrn
TY is ﬁsed as yellow head unevenness data. Since a
sufficient S/N ratio can be obtained for all color
signals with the black head, no arithmetic operation is
performed to form a black signal in this embodiment.
The magenta data 308b obtained upon reading of the
pattern TBk is used as black head unevenness data.

Unevenness correction is performed inlstep S7 of
Fig. 65. Signals having the number correspondin§ to
the number (N) of orifices are sampled from the
logarithmically transformed signals upon reading of
uneven image dehsities, and the sampled signals serve
as density data corresponding to orifices and are
subjected to unevenness correction on the basis of the
data stored in the RAM 322.

If N data of the read cyanlheads are represented

by Cn (1 £ n < N), an average density is calculated as

follows:
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E==:§ cn/N

n=1

Subsequently, an aberration of a density
corresponding to each orifice from the averagé density
is calculated as fo;lows:

ACn = T/Cn |

A signal correction quantity (AS)n corresponding
to (AC)n is calculated as follows:

ASn = A x ACn

where A is the coefficient determined by head
gradation characteristics.

A selection signal for a correction straight line
to be selectéd in accordance with Ash is obtained to
store unevenness correction signals having the number
equal to the number of orifices and each having values
of "0" to "60" in the unevenness correction RAM 326.
The y straight lines having different values in units
of orifices are selected in accordance with the
generated unevenness correction data 327a to 327d,
thereby correcting the uneven image densities and
rewriting the unevenness correction data.

The same processing as described above is
similarly performed for magenta, yellow,-and black
components. In step S9 of fig;-ss; the input masking
coefficients are returned to those in the normal-

copying mode, and this sequence is ended.
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In this embodiment, since the input masking
coefficients at the time of unevenness reading are
rewritten to maximize the S/N_ratios obtained upon
reading of the cyan, magenta, yellow, and black
components printed with the corresponding recording
heads, highly efficient unevenness -reading and
correction can be performed.

In the above description, injection stabilization
of the recording heads prior to recording of test
patterns, appropriate head temperature adjustment by,
e.g., ‘the temperature adjustment unit 113, printing of
appropriete patterns, and injection recovery processing
using an ink supply/circulating system unit 7 are
preferable because test patterns are recorded with the
optimal characteristics of the heads of the normal
recording modes. Therefore, accurate unevenness
correction can be realized.

Use of a recording medium suitable for forﬁing and
reading test patterns, the change in print duty in
accordance with types of recording media, and the
change in reading range are preferable to accurately
perform unevennees correction.

In addition, an operation for recording test
patterns at two or more print.dhties and averaging the
correction data to obtain final correction data, and
selection for printing test patterns in an emphasized

density region to be corrected are also preferable.
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1 Furthermore, color correction processing conditions of
all three primary colors need not be changed.
Conditions of one or two specif;c or selected-colofs
may be changed.

5 In addition, two or more conditions described
above may be combined.

As described abo#e, temperature adjustment may be
controlled in the same manner as described with
reference to Figs. 38 to 39C.

10 An injection stabilization operation by recovery

i proceésing is performed in the same manner as described
above due to the following reason. When the recording
_head is set in a state wherein the recording head does
not have.normal injection characteristics due to'mixing

15 of dust and bubbles, and when uneven image density
dorrection is performed, faithful head characteristics
(uneven image densities) may not.be recognized.

The fourteenth embodiment 6£ the present invéntion
will be described below.

20 . Fig. 67 is a block diagram showing the fourteenth-
embodiment. The saﬁe_reference numerals as in Fig. 64
denote the same parts in Fig. 67. .

- In this embodiment, unevenness signals of the
respective heads inpﬁt to a RAM 322 are output signals

25 312a, 312b, 312c¢, and 312d from a masking circuit 311.
In thé normal recording mode, coefficients of the

masking circuit 311 are set to obtain average color
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reproducibility for all color components. However, in
the unevenness correction data rewriting mode, the
coefficients are set to maximize the S/N ratios for the
cyan, magenta, yellow, and black components reéorded
with the corresponding recording heads. That is, of
ali the masking coefficients described above, the
coefficients a’,;, to a’,, are set to ﬁaximize an S/N
ratio upon reading of the cyan pattern. The
coefficients a’,; to a’, are set to maximize an S/N
ratio upon reading of thé magenta pattern. The
céefficients a’s; to a’;, are set to maximize an S/N
ratio upon reading of the yellow pattern. The
coefficients a‘’,, to a’,, are set to maximize an S/N
ratio upon reading of the black pattern.

The same effect as in the thirteenth embodiment
can be obtained by the above setup.

Fig. 68 is a blbck diagram showing the fifteenth
embodiment of the.present invention. The same
reference numerals as in Fig. 64 denote the same parts
in Fig.‘68. .

In the fifteenth embodiment, at the time of head
unevenness data reading in the unevennesé correction
data rewriting mode, masked signals 312a to 312d are
fetched as in the fourteenth embodiment. At this time,
tbe input masking coefficients a;; to a;; and the ﬁaSking
coefficients a’;; to a‘,, are changed in accordance with

signals 329 and 328.
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With the above operation, unevenness reading S/N
ratios can be further increased as compared with a case
wherein either the masking coefficients a,; to a;; or the
masking coefficients a’;,; to a‘’,, are changed.

The following processing can be performed using an
arrangement identical to that of Fig. 68.

In the fifteenth embodiment, the masking
coefficients which influence the S/N ratios of the cyan
head are 13 masking coefficients, i.e., a,, to én, and
a’y, a’yp, 2’13, and a’,,. Of these coefficients, the
nine coefficients a,, to a,; influence not only reading
of the cyan component but also reading of other three
color components. Therefore, these coefficients must
be determined to average reading S/N ratios of the four
color components, i.e., not to maximize a reading S/N
ratio of on the cyan component.

In the sixteenth-embodiment, the coefficients a,
to a3 are also set to maximize the S/N ratio of one
color to obtain a higher S/N ratio. 1In the sixteenth
embodiment, when patterns shown in Fig. 66 are to be
read, the masking coefficieﬁts a’;, to a’g are always
fixed. However, these coefficients are cﬁanged in
units of colors while the input masking céefficients a
to aﬁ are used.' More specifically, referring to
Fig. 68, thé coefficient change signal 329 for the
input masking coefficients is changed in units of

colors, and different coefficients are set. For
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example, even if the thirteenth coefficients are set to
maximize the S/N ratio for the cyan color during
reading of the cyan componeﬁt, this setup operation
does not influence reading of other color componenté,
thereby further increasing the S/N ratio.

The present invention is not limited to the -
embodiment described above. Various changes and
modifications may be made without departing the spirit
and scope of the invention. For example, the present
invention is applicable to a serial printer. In this
case, the same control system and prdcessing sequence
as described above can be employed, as a matter of
course.

As described above, according to the present
invention, different colbr correction processing
operations are preformed in the normai original reading
mode and the test image reading mode. Optimal
unevenness reading can be performed fbr test imagés of
any colors with high precision without sacrificing
color reproducibility in the normal copying mode.

The séventeenth embodiment according to the
present invention will be described in'détail with
reference to Figs. 69 to 74.

Fig. 69 is a block diagram'Of the seventeenth
embodiment. An image reading unit in this embodiment

is the same as that described with reference to Fig. 61



10

15

20

25

- 128 -

of the thirteenth embodiment, and a detailed
description thereof will be omitted.

An image signal read by the above image reading
unit is subjected to color correction'processing such.
as logarithmic tréﬁsformation, UCR, masking, and color
balance adjustment, the célor-corrected image signal is
supplied to an image forming unit.

_ Fig. 70 shows an image forming unit having .
drop-on-demand type ink-jet recording heads 449;

Referring to Fig.x70, a roll-like recording
material 440 is gripped with a feed roller 443 through
convey rollers 441 and 442 and is rotated and fed in a
direction 444. Guide rails 446 and 447 are placed
cross the recording material 445, and a recording head
unit 449 mounted on a carriage 448 is scanned in the
horizontal direction. The carriage 448 has heads 449Y,
449M, 449C, and 449BK of four colors, i.e., yellow,
magenta, cyan, and black. Four color ink tanks Are
connected to the head 449Y, 449M, 449C, and 449BK,
respectively. Each head has a multi-nozzle head having
256 nozzles. The recording material 445 is
intermittently fed every érint width of the recérding
heads 449. The recording_hgads 449 are_fed in a
direction of an arrow P while fhe recording material
445 is kept stopped, thereby injecting ink droplets

corresponding to an image signal.
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After the original is read aﬁd color correction
processing is completed, ink injection corresponding to
the image signal is performed to form a color image.

Uneven image densities of the respective recording
heads are corrected by a circuit shown in Fig. 69. For
the sake of descriptive simplicity,-processing of only
one head will be described. In order to obtain a
full-color image, the same processing can be performed
for four color heads.

Referring to Fig. 69, image data 401 is read by an
image reading unit. An image processing unit 402
éerforms processing such és logarithmic transformation,
masking, UCR, and color balance adjustment. The image
processing unit 402 outputs an image signal 403. A ROM
404 stores an unevenness correction table. The ROM 404
outputs an unevenness-corrected image signal. This-
signal is input to a binarizing circuit 406. The
binarizing circuit 406 outputs a binary image siénal
407. <This binary signal 407 is input to a head driving
circuit 408. The head dfiving circuiﬁ 408 outputs a
head drive signal 409. The head &rivelsignal 409 is
supplied to a multi-head 449. The uné#én image density
reading head 60 is connected to an unevenness
correction RAM 413 and receiveglan unevenness read

signal 412 from the RAM 413.
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The processed imagé sighal 403 is converted into
correct unevenness of the recording heads by the
unevenness correction_table ROM 404.

The unevenness correction fable'has 61 correction.
lines having different gradients in units of 0.01 from
Y = 0;70x to Y = 1.30X. The cOr;ection straight lines
are switched in accordance with an unévenness
correction signal 418.

An unevenness correction RAM 417 stores selection
signals of correction straight lines for correcting
unevenness values of the heads. More specifically, the
unevenness correction RAM 417 stores unevenness
correction signals having the number equal to the
number of 256 nozzles and having 61 values of "0" to
"60". The unevenness correction signal 418 is output‘
in synchronism with the input image signal. After an
image signal 405 corrected by the selected straight
line is binarized by the binarizing circuit 406 in
accordance with d dither method or an error diffusion
method. The binary signal is input to the head driving
circuit 408. The head driving circuit 408 outputs a
driving pulse.suitable for the head in“éccordance'wiﬁh
the binary éignal, and image recording ié.performed
with the recording heads 449.

By performing the above processing, a print.duty

for a dot formed by a nozzle of a high density in the

 head is decreased, but a print duty for a dot formed by
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a nozzle of a low density is increased. As a result,
the uneven image densities of the recording heads are
corrected, and a uniform image can be formed.

Whén the uneven image density patterns are changed

during use, and when the unevenness correction signals

become improper, unevenness appears on the image. In

this case, unevenness correction data are rewritten in

the unevenness correction signal rewriting mode. More
specifically, in response to a control signal (not
shown), all fhe straight lines in the unevenness
correction table are set to be a gradient of 1.0, and a
state in which no unevenness correction is performed is
set. Unevenness correction patterns are output from
signal lines (not shown) and are printed with the heads

449. 1In this case, uniform halftone images having a

‘duty of 50% are used as unevenness correction patterns.

The uneven image density reading heads are located
at a position denoted by reference numeral 60 of
Fig. 70 in the image forming unit.

Fig. 71 shows a schematic arrangement of the
uneven image density reading head 60 shown in Fig. 69.

Thelsame reference numerals as in Fig;_24 denote
the same parts in Fig. 71. An aperture 77 ﬁéving a
plurality of openings 77a, 77b, and 77c having -
different sizes at predetermined positions of a disc
shown in Fig. 72. The center of the disc is connected

to a shaft of a pulse motor 88.
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Fig. 73 is a flow chart showing a control sequence
of the CPU 445 in Fig. 69.

Before the unevenness correction data rewriting
mode is set, an aperture size indication signal 431 is
input from an aperture size indication circuit 430 in
Fig. 69 to the even image density reading heaa 60.
This indication is performed such that a user or
serviceman judges an optimal value at that moment. lThe
pulse motor 88 in Fig. 71 is rotated in response to
this signal, and an apeiture having an optimal size
corresponding to a print image and the number of heads
is set in front of a photo-diode 73.

In step S1, after unevenness correction patterns
are recorded by the recording headé, the recording
material 445 is fed in the direction 444 upon rotation
of the feed roller 445, and unevennesé correction
patterns pass under the unevenness reading head. -In
steﬁ S§2, at this time, the uﬁevenness reading head 60
reads uneven image deﬁsities. In step S3, 256 signals
are sampled from the uneven image density signals.
These sampled signals serve as 256 data corresponding
to the nozzles, respectively. If these da£§ are given
as Ry, Ryr..., Ry, they are temporarily stored in the
RAM 413, and ﬁhe CPU 415 performs the following
arithme;ic operation.

These data are afithmetically operated and

converted into density signals in step S4 as follows:
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Rn
Cn = -log=—=
QIR0

where Ry, is the constant satisfying condition R, 2
Rn.

In step S5, an aVerage density is calculated as

follows:

C= zf:s cn/256

n=1
Subsequently, aberration values of the densities

corresponding to the nozzles from the average density

__are calculated.as follows:

ACn = C/Cn

In step S7, a signal correction quantity (AS)n
corresponding to (AC)n is obtained as follows:

ASn = K x ACn ' T eee (1)

where K is the coefficient determined by the head
gradation-characteristics.

In step S8, a selection signal for a correction ;
straight line selected in accordance with ASn is
obtained. Unevenness correction signals having the
number equal to the number of 256 nozzles énd each
having 61 valqes of "0" to "60" are stored;in the
unevenness correction RAM 417.

In step 89, y straight lines'having different
values in units of nozzles are selected in accbrdaqce
with the prepared unevenness correction data. In step

S10, the uneven image densities are corrected. In this
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manner, the unevenness correction data are rewritten to
always obtain a uniform image.

In this embodiment, after the size of the aperture

is set to be an optimal value during unevenness

reading, and unevenness reading is performed. In this
manner, the unevenness correction data are formed, and
therefore optimal unevenness correction can always be
performed.

Fig. 74 shows the eighteenth embodiment of the
present invention.

The same reference numerals as in Fig. 70 denote
the same parts in Fig. 74. An uneven image density
reading head 411 is arranged sideways the four heads,
as shown in Fig. 75. This uneven image density reading
head 411 comprises a CCD having the same read density

as that of the head. An uneven image density of a

- printed pattern is read in accordance with a method

described with reference to Fig. 8.

In this embodiment, before the unevenness
correction data rewriting mode is set, a signal 421
indicating a size of an averaging area is supplied from
an averaging area indication unit 420'to a‘CPU 415, and

data 412 read with the uneven image.density reading

head 411 are temporarily stored in a RAM 413. At this

time, the number of data to be stored is a total of
25,600 (= 100 x 256), i.e., 100 data in the x direction

and 256 data in the y direction. Of these data, an
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average value of the data in the averaging area
corresponding to a recording paper signal serves as
data of the central recording element in the averaging

area. The size of the area is selectively given as 250

(= 5 x 50) dots, 720 (= 9 x 80) dots, or 1,300 (= 13 x

100) dots. An area size is selected in accordance with
the indication signal 421.

The CPU 415 performs the same arithmetic operation
as in the seventeenth embodiment on the basis of the
256 data upon averaging, thereby rewriting the
unevenness correction data.

In order to set the size of the averaging area to
an optimal value and form unevenness correction data
upon unevenness reading, optimal unevenness correction
can always be performed.

Fig. 77 shows the nineteenth embodiment of the
present invention.

This embodiment uses an unevenness reading head
shown in Fig. 71 and changes an aperture size in
accordance with the number of head-use times.

Referring to Fig. 77, this embodiment uses a

counter 432 for the number of head-use times. The

counter 432 outputs a signal 433 rebresentihg the
number of head-use times. The counter 432 is cleared
when a new head is mounted and is counted_up every time
each page is printed. The signal 433 is a signal

corresponding to the count of the counter 432. Upon
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reception of the signal 433, an aperture size

indication unit 430 sends an aperture size indication

signal corresponding to the number of pages to an even

image density reading head 411. The uneven image

‘density reading head 411 rotates a pulse motor in

accordance with an input signal and sets an aperture
having an optimal size.

A relationship between the number of head-use
times and the aperture'size is given as follows.’ When'

the number of head-use times is zero, i.e., when a new

-head is mounted, a small aperture is set to correct

fine unevenness for a long period of time. Thereafter,
the aperture size is gradually increased, and coarse
unevenness correction can be performed within a short
period of time. With this téchniqué, fine unevenness
corréction is performed by the serviceman for a long
period of time. However, when the user.performs coarse
unevenness correction within a short period of time
when a condition which causes mixing of small noise
components is set.

Fig. 78 shows the twentieth embodiment of the
present invention. .

In this embodiment, the number of headéuse times
is not used, but the number 6chdrrection data
rewriting times upon mounting of a new head is counted

to change an aperture size.
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Referring to Fig. 78, this embodiment includes a
counter 435 for the number of correction data rewriting
times. The counter 436 outputs a signal 436
representing the number of correcéion data rewriting
times. When a new head is mounted, the counter 435 is

reset. Every time the unevenness correction data

. rewriting mode is set, the counter 436 performs a

count-up operation. A count is input to an apertu:e
size indication unit 430, and an optimal aperture size
corresponding to the count is set. In this embodiment,
when the count is set to "1", a small aperture is
selected. When the count is 2 or less, a large
aperture is selected. The aperture sizes selected when
the count is "2" or less may be identical. However, in

this case, the aperture size may be gradually increased -

~in accordance with magnitudes of the counts.

With the above arrangement, this embodiment has
the same effect as in the nineteenth embodiment.

Fig. 79 shows the twenty-first-embodiment of the

present invention.

This embodiment exemplifies that the same effect
as in the nineteenth embodiment can be obtéined even if
the unevenness réading head shown in Fig. é.is used.

Referring to Fig. 79, a cbunter 432 is cleared

every time a new head is mounted and is counted up ..

- every time the head is used. An averaging area

indication unit sets an optimal averaging area in
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accordance with a count, and unevenness correction data
is formed on the basis of data averaged with this area
size, thereby obtaining the same effect as in the
nineteenth embodiment.

Fig. 80 shows the twenty-second embodiment of the
present invention.

In'place of the éounter of the twenty-first
embodiment, this embodiment includes a.counter for the
number of correction data rewriting times to rewrite
the number of correction data rewriting times after a
new head is mounted. With this arrangement, the same
efféct as in the twenty-first embodiment cén be
obtained.

The twenty-third embodiment exemplifies a case
wherein a relative speed between the unevenness reading
head and the read pattern is set variable in place of
setting the aperture and averaging area to be variable.
That is, a scanning speed of the unevenness reading
head or a scanning séeed of the recording paper on
which patterns are printed is changed in accordance
with user selection, the counter for the number of

head-use times, or the counter for the number of

- correction data rewriting times. When coarse reading

within a short period of time is to be performed, the
scanning speed is increased. However, fine reading
with high precision is to be performed, the scanning

speed is decreased.
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The same effect as in the above embodiments can be
obtained by the above technique.

The twenty-fourth embodiment exemplifies variaﬁle
focus control of an unevenness réading head. That is,
the lens position, the reading sensor position, and the
position of a sheet on which patterns to be read are
printed is moved in accordance with user selection, the

counter for the number of head-use times, or the

counter for the number of correction data rewriting

times. A relative position between the lens, the
reading sensor, and:the recording sheet is changed to
adjust focusing. When coarse reading is to be
performed within a short period of time, a defocus
state is obtained. However, when fine reading is to be
performed with high precision, an in-focus state is
obtained. The same effect as in the above embodiment
can be obtained.

In the seventeenth to twenty-fourth embodiments,
reading conditions of a single reading'head are set
variable. However, in the twénty—fifth embodiment, a
plurality of unevenness reading heads having different
reading conditions are arranged, and any one of these
heads is selected. R

This embodiment has the séme'arrangement as that
of the seventeenth embodiment. An image reading CCD
has a high density of 400 dpi, which is equal to that

of a multi-head recording density. When fine reading
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with high precision is to be performed, the user or
serviceman causes the image reading CCD of the image
reading unit (Fig. 61) to read unevenness from test
patterns, and unevenness cofrectibn data is formed.

When coarse reading within a.short period of time
is to be performed, unevenness is read‘with the |
unevenness reading head 60 shown in Fig. 70, and
unevenness correction data is formed. This unevenness
reading head has an aperture having a diameter of 2 mm,
as shown in Fig. 8 and performs coarse reading as

compared with the image reading CCD.

In this manner, by selecting reading heads having

different reading conditions, the same effects as in

the seventeenth to twenty-fourth embodiments can be

obtained.

Fig. 81 shows the twenty-sixth embodiment of  the
present invention. |

The reading conditions are changed in the abové
embodiment. However, in this embodiment, an unevenness
correction pattern is changed.

Referring to Fig. 81, a pattern indication unit
470 outputs a pattern indication signal 471. The
pattern indication signal 471 is input to an unevenness
correction pattern generator 472. = The unevenness

correction pattern generator 472 outputs an unevenness

correction pattern signal 473.
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In a normal operation, a halftone density having a
duty of 50% is indicated by the pattern indication unit
470, and an image signal 473 having a duty of 50% is -
output from the unevenness correction pattern generator
472.. Patterns printed with a head 410 are read to form
unevenness correction data on the basis of this image
signal. |

Even if cofrection with the halftoﬁe having a duty
of 50% is performed, unevenness is left for a halftbne
density having a duty of 30%. 1In this case, if an
original is a halﬁione image having a duty of about
30%, unevenness occurs in an output image. A pattern
having a duty of 30% is selected by the pattern
indication unit 470, and is a halftone image having a
duty of 30% is printed to perform unevenness
correction. With this technique, optimal unevenness
correction suitable for an original used can be
performed, and a'uniform image can always be obtained.

The twenty-seventh embodiment of the present
invention will be described with reference to Fig. 82.

This embodiment exemplifies a method for
calculating correction data. The coefficient K in
equation (1) used in the nineteenth embbdiﬁent.

Referring to Fig. 82, a coefficient indication
unit 480 outputs a coefficient indication signal 431.
In general, the coefficient K is determined by

gradation characteristics of the recording heads and
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linearity of the uneven image density reading head.
When the head is used for a long period of time, these
characteristics are often changed. In this case, when
a K value is subjected to aberration from the optimal
value. A uniform image cannot often be easily obtained
by single rewriting of correction data. 1In this case,
the coefficient K is reset by the coefficient
indication unit 480 to form optimal uneQenness
correction data.

Eig. 83 shows the twenty-eighth embodiment of the
present invention. '

This embodiment exemplifies a case wherein |
unevenness correction patterns, a correction data
calculating method, and an aperture size are changed.

Referring to Fig. 83, a mbde indication unit 490
selects a fine mode and a rough or coarse mode. In the
fine mode, an unevenness correction pattefn generator
outputs three halftone densities having duties of 30%,
50%, and 75%. These halftone patterns are read, and
the corresponding correction data are calculated. A
reading aperture is set to be minimum, and fine reading
can be performed. 1In order to calculate the correction
data, signal correction quantities ASn a;e'obtained by
equation (1) using the patterns having the duties of
30%, 50%, and 75%. When the resultan; signal
correction quantities'are defined as ASn,,, ASns, and

ASn,;, an average value is obtained as follows:
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ASn’ = (ASny, + ASng, + ASn,5)/3
and correction data corresponding to the average value
ASn are obtained. As a result, unevenness correction
data ha&ing a sufficient unevenneés correction effect
can be obtained for the halftone images having all
duties.

| When the rough mode is selected, the unevenness
correction patterns are constituted by only hélftong
patterns having a duty of 50%, and a large reading
aperture is set. 1In addition, the calculation of the
correction data can be performed in the same manner as
in the seventeenth embodiment. As a result, the
unevenness correction data can be formed within a short.
period of time.

The unevenness correction patterns, the reading
aperture size, and the calculation method are changed
to form unevenness correction data with high precision
depending on given conditions. Therefore, rough -
unevenness correction data can bé formed within a short
period of time.. |

The twenty-ninth embodiment is arranged, as shown
in Fig. 83. 1In this embodiment, unevenneés correction
patterns, a read aperture size, and a calcﬁiation
method are changed. ‘

In the fine mode of this embodiment, unevenness
correction patterns comprise halftone patﬁerns hévihg a

duty of 50%. 1In this case, the unevenness correction
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tables have straight lines having a gradient of 1.0 as
in each embodiment described above. A reading aperture
is set small, and a calculation method is the same as
that in the seventeenth embodiment.

On the other hand, in the rough mode, although
halftone patterns having a duty of 50% as in the fine
mode are output from the unevenness correction pattern
generator 472, an unevenness correction table has
straight lines selected'by the unevenness correction
data formed in the previous unevenness correction data
rewriting operation. The unevenness correction pattern
in the rough mode is an unevenness-corrected halftone
pattern having a duty.of 50%, which is different from
that in the fine mode. A reading aperture is set
large. In a calculation method, the average value ASn’"
obtained as in the seventeenth embodiment is multiplied
with the previous value ASn as follows:

ASn" = ASn x ASn’

Correction data are formed in accordance with this
value ASn". In the rough mode, since only a portion
subjected to a change in unevenness is to be corrected
after the previous unevenness correction data rewriting

operation is performed, correction data can be formed

within a short period of time.

With the above arrangement, when new correction
data must be formed at the time of mounting of a new

head, and when data can be formed for a relatively long
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period of time, a fine mode is selected. When
correction data rewriting is required during use, the
rough mode is selected, thereby forming optimal
unevenness correction data depending on different
conditions.

Fig. 84 shows the thirtieth embodiment of the
present invention. ‘

In this embodiment, a reading aperture size and a
calculation method are changed. 1In the fine mode, the
aperture size is set small. Correction data are formed
in the same calculation method as iﬁ the seventeenth
embodiment. In the rough mode, a large aperture size
is set, and the following operation is performed.

Until an average density C = ICn/256 is obtained,
the same operations as in the seventeenth embodiment
are performed. In this embodiment, however, an aVerage

value C’'k every eight nozzles is obtained as follows:
Ck = .f: Cack-2y * U/8
=1

for k=1, 2,..., 32

The above value corresponds to an average density
of each block when 256 nozzles are divided into 32
blocks each consisting of eight nozzles.

An aberration of the average value of each block
from a-total average density is calculated as follows:

ACk = C/C’'k
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A signal correction quantity ASk corresponding to
ACk is obtained from the relation:

ASk = Ke<ACk

A selection signal of a corréction straight line
to be selected in accordance with this ACk is obtained,

and is defined as unevenness correction data. With

this technique, in the rough mode, correction data are

formed every block consisting of eight nozzles. 1In
this case, although fine unevenness cannot be
corrected, unevenness correction can be performed
within a short period of time because the operation is
rarely influenced by the reading nozzle.

In the above embodiments, the pattern indication
unit, the coefficient indication unit, and the mode
indication unit can be arbitrarily set by the
serviceman or user. These units designate the
corresponding contents in accordance with counts.of the
counter for the number of head-use times and the |
counter for the number of unevenness correction data
rewriting times.

In the above embodiments, the counter for the
number of head-use times and the counter fqr the number
of unevenness correction data rewriting tiﬁés are not
limited to the arrangements-deécribed above. For
example, a count représenting a counter history such as

a timer for measuring a time upon mounting of a new
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head, or a counter for counting the number of print
dots may be used.

The above embodiment exemplifies a case wherein a
semi-multi-head is used as a recording head, and image
recording is performed by serially_scanning this head.
However, a full multi-head may be used.

Furthermore, the recording head is not limited to
an ink;jet recording head. A multi-head such as a
thérmal head may be used, The recording head.used in
this embodiment may be a multi-head having a plurality
of reéording elements. o

As has been described above, acéording to the
present invention, one of the conditions, i.e., test

images, reading conditions, and a correction data

calculating method, is set variable to form unevenness

correction data upon reading of uneven image densities
of the multi-heads. Optimal reading and optimal
formation of unevenness correction data can always be
performed. | |

In'each embodiment described above, when at least
density test printing of test patterns or the like is
to be performed and each pixel is constitufed by a
plurality of dots, a print duty, i.e., a pfint density
can be set by changing the number’ of recording dots
constituting each pixel. In this dase, a pﬁint duty is
not 100% but is preferably 75% or less and 25% or more.

Each test pattern is optimally formed at a print duty
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of 50%. This is suitable for a scheme for obtaining an
optical reflection density because a small change in
density is obtained as a change suitable for print
characteristics of a reéording head.' |

However, the print ratio can be changed by
changing a drive voltage and/or driving pulse width, or
by changing the number of ink injection times per dot.
This can cope with a dot structure in which each dot is
constituted by one pixel. The present.invention is
also applicable to any scheme for changing a print
ratio.

The above embodiment is an optimal embodiment for
performing correction processing in units of injection
energy generation elements. In practice, when a
convergent state of even density processing and
processing time are taken into consideration, common
correction may be performed for a plurality of
predetermined adjacent injection energy géneration i
elements. Judging from these viewpoints, an optimal
arrangement can be obtained such that common correction
is preferably performed in units of blocks each
consisting of a plurality of injection energy
generation elements among a large number of injection
energy generation elements of the'iecording head. A
knowﬁ block driving scheme may be used, or a specific
block driving scheme may be used instead. However, it

must provide a drive condition for uniforming a density
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to be corrected upon judgement of an uneven image
density.

Data associated with test patterns may be supplied-
from a host unit having an arrangément shown in
Fig. 94. Altérnatively, these data may be supplied
from a test pattern data generating means integrally
combined with the recording head 1 shown in Fig. 34.

The present invention brings about excellent
effects particularly in a recording head, recording
device of ink-jet recording system ﬁsing heat energy
among the ink-jet recording systems.

As to its representative constitution and
principle, for example, one practiced by use of the.
basic principle disclosed in, for example, U.S. Patents
4,723,129 and 4,740,796 is preferred. This system is
applicable to either of the so-called on-demand type
and the continuous type. Pafticularly, the case of the
on-demand type is effective because, by applying at
least one drive signal which gives rapid temperature
elevation exceeding nucleus boiling corresponding to
the recording ‘information on an electricity-heat
converters arranged corresponding to the Sheets or
liquid channels holding liquid (ink), heat:énergy is
generated at the electricity—héat converters to effect
film boiling at the heat .acting surface of the
recording heéd, and consequently the bubbles withih the

liquid (ink) can be formed corresponding one by one to
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the drive signals. By discharging the liquid (ink)
through'an opening for discharging by growth and
shrinkage of the bubble, at least one droplet is
formed. By making the drive signéls into pulse shapes,
growth and shrinkage of the bubblé can be effected
instantly and adequately to accomplish more preferably
discharging of the liquid (ink) particularly excellent
in response characteristic. As the drive signals of
such pulse shape, those as disclosed in U.S; Patents
4,463,359 aﬁd 4,345,262'ére suitable. Further
excellent recording can be performed by employment of
the conditions as described in U.S. Patent 4,313,124 of
the invention concerning the temperature elevation rate
of the above-mentioned heat acting surface.

As the constitution of the recording head, in
addition to the combination constitutions of
discharging orifice, liquid channel, electricity-head
converter (linear liquid channel or right angle liquid
channel) as disclosed in the above-mentioned respective
specifications, the constitution by use of U.S. Patents.
4,558,333, 4,459,600 disclosing the constitution having
the heat acting portion arranged in the flexed region
is also included in the present invention.- In
addition, the present invéntioh.can also be effectively
made the constitutién as disclosed in Japanese Patent
Laid-Open Application No. 59-123670 which discloses the

constitution using a slit common to a plurality of
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electricity-heat converters as the discharging portion
of the electricity-heat converter ér Japanese Patent
Laid-Open Application No. 59-138461 which discloses the
constitution having the opening for absorbing pressure
wave of heat energy correspondent to the discharging
portion. |

Further, as the recording head of the full line
tYpe having a length corresponding to the maximum width
of recording medium which can be recorded by the
recording device, either the constitution Which
satisfies its length by combination of a plurality of
recording heads as disclosed in the above-mentioned
specifications or the constitution as one recording
head integrally formed may be used, and the present
invention can exhibit the effects as described above
further effectively.

In addition, the .present invention is effective
for a recording head of the freely exchangeable chip-
type which enables electrical connection to the main
device or supply of ink from the main device by being
mounted on the main device, or for the case by use of a
recording head of the cartridge type provided
integrally on the recording head itself. -

Also, addition of a restoration means for the
recording head, a preliminary auxiliary méans, etc.
provided as the constitution of the recording deQice of

the present invention is preferable, because the effect
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of the present invention can be further stabilized.
Specific examples of these may include, for the
recording head, capping means, éleaning means,
pressu;ization or aspiration meané, electricity-heat
converters or another heating.eleﬁent or preliminary
heating means according to a combination of these, and
it is also effective for performing stable recording to
perform preliminary mode which performs discharging
separate from recording.

Furthé}, as the recording mode of the recording
gevice, the present invention is extremely effective
for not only the recording mode only of a primary color
such as black etc., but also a device equipped with at
least one of plural different colors or full color by
color mixing, whether the recording head may be either

integrally constituted or combined in plural number.
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WHAT IS CLAIMED IS:

1. An image recording apparatus for perfofming
image recording on a recording medium by using plural
types of recording heads each having a plurality of
recording elements constituting an array, comprising:

test pattern forming means for forming test
patterns on the recording medium by using said 'plural
types of recordiﬁg heads;

reading means for reading the test patterns
recorded by said test p&ttern recording means; and

correcting means for correcting drive sigﬁals
for driving said fécording elements in correspondencé
with said recording elements and types of said
recording heads on the basis of data read by said

reading means.

2. ~ An image forming apparatus as claimed  in ‘Claim

1, in which the plural types of test patterns having
different densities are fo;med and the reading ﬁeans
comprises density reading means for reading the
densities of said plural types of test patterns; and
the cofrecting ‘'means . comprises uneven image density
correcting means for forming;_ on the-:baéis of a
reading result of the plﬁral types of test patterns,
correction data for uniforming image formation

densities for the densities read by said density

§
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said plurality of recording elements on the basis of

the correction data.

3. An image forming apparatus as claimed in ahy
previous claim, . having means for relatively moving
said reéording head and the recording medium, giving
different drive conditions to said plurality of
recording elements upon relative movement between said
recording head and the recording medium, and forming
test patterns having areas of different densities in a
relative movement direction;

reading means for reading densities of the test
patterns in units of density areas; and

uneven image density correcting . means for

- correcting drive ‘conditions of said plurality of

recording elements at the time of image formation so
as to uniform image formation densities on the basis

of a reading result of said reading means.

4. An image forming apparatus as claimed in any
previous claim, in which the réading means is for
reading - an image and outputting colour signals
corresponding to the image; the correction processing
means is for performing colour correction processing

of the output from said reading means;

A
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the cdrrecting means is for causing said reading
means to read the predetermined test patterns formed
by said test pattern forming means, obtaining
correction data from the colour signals colour-
corrected by said colour correctidn.processing means,
and correcting image formation drive conditions of

said plurality of réecording elements on the basis of

the correction data; and

there is colour correction control means for
causing said colour correction processing means to
perform different colour correction processing
operations in a test pattern reading mode and a normal

original image reading mode.

5. An image forming apparatus as claimed in any
previous claim, ﬁaving .control means for setting
variable one ofla formation condition of said test
pattern forming means,' a reading condition of said
reading means, and a method of calculating the

correction data by said calculating means.

6. An apparatus according to Claim 1, wherein said
correcting means comprises éonverting means fof
converting 1light 'quantity data of the read dafa into
density data on the basis of conversion parameters

corresponding to said plural types of recording heads,

* [+ L M S *
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and correction value calculating means for calculating
correction values on the basis of the density data

output from said converting means.

7. An apparatus according to Claim 2, wherein  said
reading means comprises A/D-converting means for
converting analog read data into the 1light quantity
data, and reference level converting ~means for
converting a reference level of said A/D-converting
means in correspondence with said plural types of

recording heads.

8. An apparatus according to any previous claim,
wherein said plural types of recording heads perform

recording in different colours, respectively.

9. An apparatus according to Claim 1, wherein said
plural types of recording heads perform recording at

different densities, respectively.

10. An apparatus according to any previous claim,
wherein said recording elements have orifices for

injecting inks, respectively.

HIIlIIl llllll i Il IIII
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11. An apparatus according to any previous claim,
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wherein said test pattern forming means records the
test pattern by using one of said plural types of

recording heads for each of the recording media.

12. An apparatus according to any one of claims 1 to
10, wherein said test pattern forming ' means
sequentially records the test patterns with said
plural types of recording heads on each of the

recording media.

13. An apparatus according to Claim 3, wherein said
uneven image density correcting means corrects the
drive conditions on the basis of data obtained By
averaging the correction data corresponding to the

densities.

14. An apparatus according to Claim 3, wherein said
uneven image densiﬁy correcting means corrects the
drive conditions on the basis of data obtained by
weighting and averaging the correction data

corresponding to the densities.

15. An apparatus according to Claim 14, wherein
coefficients for weighting and averaging the

correction data are set wvariable.

||II|||\ \Ill\l I|I\| \II\I 1l
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16. An apparatus according to Claim 2 or 3, wherein
said density reading means reads densities of the test
patterns in accordance with conditions corresponding
to fecording colours of said plurality of recording

heads.

17. An apparatus according to Claim 16, wherein said
density reading means comprises c¢olour filters
corresponding to the colours of said pPlurality

recording heads.

18. An apparatus according to Claim 4, wherein said
test pattern forming means performs test pattern
formation processing once, and said reading means

performs test pattern reading processing once.

19. An apparatus according to Claim 2 or 3, .whérein
the different densities are two different densities
consisting of densities higher and lower than a
correction feference density obtained by said uneven

image density correcting means.
20. An apparatus according to Claim 2 or 3, wherein

the different densities are three different densities

consisting of densities higher and 1lower than a

T
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reference density formed by said uneven image density
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correcting means and the reference density.

21. An apparatus according to Claim 3 or 4, wherein
said recording head comprises a plurality of recording
heads arranged in correspondence with recordiﬁg agents
having different colours for performihg multi-colour

recording.

22. An apparatus according to Claim 4 or 5, wherein
said colour correction processing means comprises an
input masking processing unit for performing
processing corresponding to characteristics of said
reading means, and said colour correction contr61
means controls input masking processing performed by

said input masking processing unit.

23. An apparatus according to Claim 22, wherein said
colour correction control means changes operation

coefficients of said input masking processing unit.

24. An apparatus according to Claim 4, wherein said
colour -correption processing means comprises a
masking processing unit for performing processing
corresponding to characteristics of said recording

head, and said colour correction control neans

Hllllll llllll III\I l\lll \\ [
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controls masking processing of said masking proceéssing

unit.

25. An apparatus according to Claim 24, wherein said
colour correction control means ~changes operation

coefficients of said masking processing unit.

26. An apparatus according to Claim 5, wherein said
colour correction processing means comprises a masking
processing unit for performing processing
dorresponding to characteristics of said recording
head, and said colour correction control means

controls masking processing of said masking processing

‘unit.

27. An apparatus according to Claim 5, wherein the
reading condition of said reading means is an aperture
size of aperture means arranged in front of  said

reading means.

28. An apparatus according to Claim 5, wherein the
reading condition of said reading means is a reading

area size.
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29. An apparatus according to Claim 5, wherein the
reading condition of said reading means is a reading

speed.

30. An apparatus according to Claim 5, wherein the
reading condition of said reading means is a focus

adjusting quantity.

31. An apparatus according to any previous.
claim, further comprising a reading head as a
combination of a plurality of heads having different
reading conditions corresponding to the reading.

condition of said reading means.

32. An apparatus according to Claim 5, wherein at
least one of a reading condition of the test pattern,
the reading conditions, and a method of calculating

the correction data is arbitrarily set.

33. An apparatﬁa according to Claim 5, wherein at
least one of a recording condition of the test
pattern, the reading conditions, and a method of
calculating the correction data is arbitrarily set in

accordance with a history of said recording head.

34. An apparatus according to any previous claim

HIIIIII I IIIH lllll | lIIl
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 wherein said recording head is an ink-jet recording

head.

35. An apparatus according to any -previous claim,
wherein each of said recording elements comprises heat
energy generating'means for causing a change in state
of an ink by heat, injecting the ink from said orifice
on the basis of the change in state, and generating a

heat energy for forming a flying droplet.

36. ' An apparatus according to Claim 1, wherein said

reading means comprises a CCD.

37. In an ink jet recording apparatus having an
array of orifices in a recording head, a method of
overcoming the préblem of variations in the pr;nting
pattern cgused by inaccuracies in the manufacture‘ of
the array of orifices in the recording head which
method comprises:
a) forming a test pattern by ejecting ink from
the récording head;
| b) reading the test pattern to detect errors;
and |
c) adjusting the subsequent drive éignals
controlling the recording head to correct the

pattern of ink ejection.
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