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25 SEPTEMBER 1999 1 *166166 Recordi ng Apparatus for Perform ng Recording
Usi ng Recording Head BACKGROUND OF THE | NVENTI ON Fi el d of tieSEPPEVMBERNT999
The present invention relates to an imge formng apparatus and an inage
readi ng apparatus and, nore particularly, to an inmage form ng apparatus
and an inmage reading apparatus forjthe imge form ng app for
performng image formation using a recording head havinga$@@§WWMMMHWWa
plurality of recording elenments. Mre particularly, the p tion
relates to an apparatus having a nmechani smfor automatically “&jsersti ng
print characteristics of a recording head in an ink-jet recording
apparatus and i s esp@scHidinefAippiraeusnfan Bppdoatuisid or forming a

mul ti-gradation color inmage by overlapping ink droplets. Related
Background Art Al ong wReFdelididgheing oketardingt He®dr ocessi ng equi pnent
(e.g., a copying machine, a wordprocessor, and a conputer) and

communi cati on equi pnent, apparatuses for performng digital imge

recordi ng Ao or di g&head by using an ink-jet schenme, a thernal
transfer gégg§§?$§¥Lgﬁ%iﬂﬂ£eiﬂ%§¥g%é§n very popul ar as image form ng
(recordingleggnga%%%esr{&gntfgwipnent such as information processing
equi pnent I pmrent. I n such a recording i unumam-~~m

The present invention relates to an image forming

apparatus and an image reading apparatus and, more
particularly, to an image forming apparatus and an
image reading apparatus for the image forming apparatus
for performing image formation using a recording head
having an array of a plurality of recording elements.

More particularly, the present invention relates
to an apparatus having a mechanism for automatically
adjusting print characteristics of a recording head in
an ink-jet recording apparatus and is especially
effective in an apparatus for forming a multi-gradation
color image by overlapping ink droplets.

Related Background Art

Along with development of information processing
equipment (e.g., & copying machine, a wordprocessor,
and a computer) and communication equipment,
apparatuses for performing digital image recorxrding
using a recording head by using an ink-jet scheme, a
thermal transfer scheme, or the like have been very
popular as image forming (recording) apparatuses for
equipment such as information processing equipment and

communication equipment. In such a recording

MRV
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*@00002* 25 SEPTEMBER 1999 2 apparatus, a recording head having an array of
a plurality of recording elenents (to be referred to as a 258HFFEMBER 1999
hereinafter) is generally used to increase a recording speed. For exanple,
a multi-nozzle head having a plurality of ink orifices and a plurality of

liquid paths is generated used Tn“an ink-jet recording head. A plurality
of heaters are generally stacked in a thermal transfer or thermal head. It
is very difficult to unifornly nmanufacture recording elenents of a

mul ti-head due to variations in characteristics during the fabrication

PrOCess %’g&%ar‘éﬂﬂsﬂti@@eéé‘rc@lr’i’?eﬁéké?h@ﬁ/iﬁ%aQrpQ{kSE&}Ll:B’Eng mat eri al s.
Vari ations occur in the characteristics of ~ the respective recording

el enent s 5 1Qa 1B €, rédotdieng ab¥Renltlst i(-Ue02d erdbarredtatbansons occur in
shapes o the orifices and liquid paths. In the above thermal head,
shapes offleal-eidndrnite rebnst eae@sisngentabllly wared donuncteaset g of
characteristics between the recording elenments appears as nonuniformty of
si zes of regeimiirerameed by the respective recording el enments and as uneven
i mage densities of the resultant image. To cope with the above problemns,
various mnet hod®r axeampbppsadmihtiknorzde deackhdvey@ density is visually
found or an adjusted inmage is visually checked, a signal applied to each

r ecor di n@lelmenitty i &f nimkabryféerpeandd 2 tHeY N oht AF ni 4§ a%uni f or m i nage

paths is generated used in an ink-jet recording head.
A plurality of heaters are generally stacked in a
thermal transfer or thermal head.

It is very difficult to uniformly manufacture
recording elements 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. In 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, various methods
are proposed in which an uneven image density is
visually found or an adjusted image is visually
checked, a signal applied to each recording element is

manually corrected, thereby obtaining a uniform image.



25 SEPTEMBER 1999 3 For exanple, in a multi-head 330 having recording

el ements 331 arranged as shown in Fig. 1A, assune that i npus SHRITEMBER 999
the respective recording elenents are uniforned, as shown in Fig. 1B, and
that an uneven inmage density is vissually found, as shown in Fig. 1C. In
this case, an input signal is corrected, as showmm in Fig. 1D. Mre
specifically, a large input signal is supplied to a recording el enent
corresponding to a low inage density, and a small input signal is supplied
to a recording elenent corresponding to a high inmage density, thereby
general Iy perfeemef@mparyalin. adjdisidieHead N3 30 RECLAIGNF eschehingapabl e of
nodul ating a dot dianeter or dot density, the dianmeter of a dot to be
recor dede bymeneb Bédokdirag geldermENtsHevmodul Bted LA, assowmgantdeatwi th an

i nput to achi eve gradation recording. For exanple, if nodulation of a
drive vbhpagesapgpliled tioo thacrdspesctivn ceergglggned@meanss eirgrent (e.g.

a piezoelectric elenent or an electricity-heat conversion elenent) in an

i nk-j et ungforuiedg lasadhasworidi g0 kB pi @ndethatr RO WA or a  schene
utilizing heat energy, or a drive voltage applied to each heater in a

t her mal h@aqeodeaséﬁwsés\MkﬁqﬁkﬁYtﬁﬁﬁ%ﬁiv%svﬁhPHBeanﬂiiwa%nce with an

input signal is utilized, a dot dianeter or a dot denSiE%U%%b each
recor di n§ReEBAENCaEE B JMBWr idnahd* S GRREPEYeddi &5 i mtan be

unlfornegigésl%how&ggéng'cf'icé§i§¥}g- aggglgg%ut signal 1is

supplied to a recording element corresponding to a low
image density, and a small input signal is supplied to
a recording element corresponding to a high image
density, thereby generally performing manual
.adjustment.

In a recording scheme capable of modulating a dot
diameter or dot density, the diameter of 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 energy generating
element (e.g., a piezoelectric element or an
electricity-héat conversion element) in an ink-jet
recording head according to a piezoelectric scheme or a
scheme utilizing heat energy, or a drive voltage
applied to each heater in a thermal head or a pulse
width of the drive voltage in accordance with an input
signal is utilized, a dot diameter or a dot density by
each recording element can be uniformed, and a density

distribution can be uniformed, as shown in Fig. 1lE.



- 4 Aternatively, assune that it is difficult to nodulate a drive

vol tage or pulse width or it is difficult to perform densi t)s SENTEMBER 999N
a wide range even if the drive voltage or pulse width is nodulated. In
this case, if one pixel is constituted by, e.g., a plurality of dots, the
number of dots to be recorded in- &ccordance with an input signal is

nodul ated. A larger nunber of dots are assigned to a portion having a | ow
density, while a smaller nunber of dots are assigned to a portion having a
hi gh density. If one pixel is constituted by one dot, the nunber of

ifice- ti : h nb f injecti l ixel, | dul at ed
'n the | PRGN BB i ng ABRAFa e Hiorkby CNGhORAG CPnBCAN-Ahemotor -
Th f h ' [ i_but . i . h in Fig. 1E
Japanese PR Lo B EBeR AB RS r 4186 FAFRAThy T he pr coent

appl | Can%}%%&wsgéngbﬁg %df‘j(als‘?:lrmerjﬂﬁg? | 5,24 opRhyeakl¥nr 3d dhe an opti cal

sensor, correction signal 1s supplied to eaCh ink-jet recording

head to forma dosiagd 6@ Pu1sBARdd {diModiiftedlt IhNeadld on, basic
automatic adjustnent "is diSsclosed, and an inportant technique is thus

di scl osed: 4 @ | PHSonBr BRKRIE RS RIosetbasy, t 8l §. pr hopladalivsention is
enbodied in a variety of practical applications as various apparatuses.
However, 4ecdeisal theohbamerofof i presamd reventedniare not found in this

prior-art invention. 25 SEPTEMBER 1999 5
accordance with an input signal is modulated. A larger
number of dots are assigned to a portion 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. lE.

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,'and a
correction signal is supplied to each ink-jet recording
head to form a desired color image. In this prior-art
invention, basic automatic adjustment is disclosed, and
an important technique is thus disclosed. Various
problems may be posed when this prior-art invention is
embodied in a variety of practical applications as
various apparatuses. However, technical problems of

the present invention are not found in this prior-art

invention.



Techni ques except for a density detection schene are disclosed in Japanese
Lai d- Open Patent Application No. 60-206660, U. S. Patent 4, 32(EPFEMBIR 1999
Japanese Patent Lai d-OQpen Application Nos. 50-147241 and 54-27728. A

| andi ng position of a liquid droplet is automatically read, and the read
position data is corrected to perfoorsm | anding to an accurate position.

Al t hough these schenes are conmopn as autonatic adjustnent techniques, the
techni cal problens of the present invention are not found in these
prior-art inventions. According to the above nethod, even if an uneven

i mge density can be corrected once, a correction quantity of an input
signal nust beTBRRAAJE¥SMETITRE LoV rieRByEYdERSPCFLOR ERAVRRR). In an
i nk-jet head, recipitate of an ink

a .y be attached tqQ a portion near
an i nk orff?cALSGROero gl G RANAR K TEYPBRE BACEReAPRHEAHIET and t he
density djstriputi ften be chan .. kn ther t ransfer,
degradgti%%' oégégr@ﬁgsﬁggt@#a FHFE cﬁaﬂgg’%b‘*prfﬁ‘ﬁgpﬁa@?n&?&r to result in
h ) ¢ distrihution. In thi , Cnitial i ;
Corrace oh eaRRT by oGoRe S kny et iFe T aab-addadn Pnhe denei ty

correcti ofy.2Fosalhl 8 1renman AL unEYeNE TRYE RS Ldieaas, conspi cuous

in long-termuse, resultin nconveni ence. I'n order "to cope with the
above promg&aamcaaqge&eam%di% tyea&agbsgtkzght datadlilanged in an

i mge 25 SEPTEMBER 19 - 6 formng apparatus, and an uneven inage density
corrected to perform landing to an accurate position.
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. In thermal transfer, degradation of each
heater and its change of properties occur to result in
a change in density distribution. 1In this case, an
initial input correction quantity does not allow
sufficient uneven image density correctidn, For this
reason, an uneven image density becomes conspicuous in
long-term use, resulting in inconQenience.

In order to cope with the above problem, an uneven

image density reading unit is arranged in an image



distribution within the array of recording elenents is periodically read
to rewite an unevenness correction data, thus providi ng amnseSHPFEIEMBER 1999
counternmeasure. According to this technique, even if the uneven inmage
density distribution of the head is changed, the unevenness correction
data is rewitten accordingly, th&reby always obtaining a uniforminage
free from unevenness. Such an inage recording apparatus is proposed by
the present applicant (U S.S. N 480,041 filed on February 14, 1990; and
US. S N 516,129 filed on April 27, 1990). A schematic arrangenent

obt ai ned .by appl ying the _aboy roposal _t I k- | ecordi ng appar at us
i s Shomﬁo%wﬁﬁ%}aeﬁhimF?s’ ang Qn.e gven gm%%? Hﬁﬂﬁﬁfﬁ

rf{nozzl € i nk "head and | Bk are of a

cyan i“kﬁé_g,&fﬁ%qmlaod&e %itﬁixejch%‘ga;:g%?, ard 2 Y _Gk g | dkem&fERBEGLI Vel y. Each

i nk-j et has a density of t he nunber of nozzles as 4,736, and

a width gf riakoutaB0P AERandocalwsekachinyahgvidhmids atlorpction. _
so-cal |l ed on-demand schene) for a recording material of a fixed A3 size

(latitudgat297 4As Oprbéesaifychnasfiectacer dountatmesashref a B4 or A4 size
upon novenent of the recording material. An image can be fornmed on the
entire sudanelidigtbe trLer deopniguer,i elvempdrf a&isd nghevenoimaget of the
recording material. 25 SEPTEMBER 1999 - 7 This ink-jet head can be
real i zeddaensarty nki $etibheadnf of shpphyiadg isl extariged , ptheées to heating
resistor elenments fornmed utilizing, e.g., a )

unevenness correction data is rewritten accordlngly,

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, 1Y, 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 of

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 less such as a

recording material of a B4 or A4 size upon movement of

the recording material. An image can be formed on the

entire surface of the recording material upon a single

movement of the recording material.



sem conductor fabrication process, to heat an ink so as to forma bubble,

thereby injecting an ink droplet by its pressure. By utili z23grFENMBERAS®
i nk-jet heads, a high-speed full-color imge recording apparatus having a

speed of about 30 cpm (copies per mnute) can be arranged. The full-col or
i mge recordi ng apparatus includes7a-cassette 602 for storing recording
materials 603 (not shown in Fig. 2). The recording material 603 (not
shown in Fig. 2) is picked up by a pickup roller 604 and is

el ectrostatically attracted to a conveyor belt 608 through first resist
rollers 605, a_quide plate 606, and second resist rollers 607, so that

i nk-j et recormﬁﬁfﬁsl T19F nB@2dncanpbgt ER2ddgedWh aforifii- iak-|j et
recording.is tq be perforped, _a test pattern reading system consisting of
a | anp sBﬁPSe%ﬁﬁ)%ﬁﬁpﬁﬁl%ﬁt?%%théﬁégrPBiEe?stﬁoPQﬁﬁﬁ%ﬁed. The

recordi ng_naterial on which desired . inmage is recorded is discharged onto
a disphar58sfF&fﬁié?eT?ﬂEﬁgﬁoﬁmﬁﬁiHElBFéngﬁlf'Qnd di scharge rollers 613.
donsi 1y 1 SoPs By neafrt ERb PR bEhheray n tPekaRty st ROraFsti ng o
Speci {1 cal Ty oERe % ane gkt o eisEf s T §PRSangn i, S AR ERSE 1856 & and (he
and out pute an e ee T cal o o oAl B Oparr oRal fo B o eIt
quantity. higackpfed hRul BiPoBOH! £Ra§40rand rihagoRbpada SN MU v Hid

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 recording 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 pattern 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,



has a width equal to or larger than that of the ink-jet head 1.
Alternatively, the |lanp source 610 and the optical sensor Q@FISEFGEMBER 1999
arranged such that scanning is perfornmed in a direction perpendicular to
the drawi ng surface (Fig. 2) along a guide rail (not shown) to read the
recordi ng characteristics of a plurality of recording elenents (a
plurality of nozzles in this case). Fig. 3 shows an uneven inage density
reading unit 506 used in the above nethod. A recording medium 501 has an
unevenness neasurenent test pattern. The reading unit 506 includes a |ight

source 5024 ofhel bhUOERRL LRYsBSWNTAGR Qi dde {L5REdLag  RRdiddML A  Teading
sensor-503 for reading light reflected by the surface of the recording

nedi um  agKk | 86684684188 pakterhhandeasdidigi ¢ 4n S86ebaviirg 1t he above
arrangenment is scanned to read an unevenness distribution, thereby

rewitingigeyenpespoeaiorali @b dalldghi eckshbos qnahkhértyuneven i mage
density reading wunit. The reading unit conprises a |line sensor 520
conpri si NEpch CED thet hempi keulraei B3 Or @ad! pibeel spHRdal ardsar Wilevenness
correction test pattern 524 in which a recording elenent is fornmed by a
width d ies hea yidshSEQUEVBER vg99argexlithan ivmt Thé dbesiink-dfet he test
pattern is read by a recording head while the |line sensor 520 is scanned
in the x feadctionhloaraatéyelhy the diamn semcefbifeand fhesensor 520

correspond to density data formed by the respective recording el ements of
t he recchPF&Fal sensor 611 may be arranged such that scanning

is performed in a direction perpendicular to the
drawing surface (Fig. 2) along a guide rail (not shown)
to read the recording characteristics of a plurality of
recording elements (a plurality of nozzles in this
case).

Fig. 3 shows an uneven image density reading unit
506 used in the above method. A recording medium 501
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 image density reading
unit. The reading unit comprises a line senscor 520
comprising a CCD or the like having read pixels 521,
and an unevenness correction test pattern 524 in which

a recording element is formed by a width d in the y



head. An al gorithm of uneven inmage density correction proposed above w |
be briefly described with reference to Figs. 5A to 5C and Hs&xkp1iEMBIER 16/
A test pattern (Fig. 5A) obtained by driving a plurality of recording

el enents (nozzles in this case) wunder the sane condition, i.e., by the
sane drive signal (the drive signal_.is defined as So in this case) is
recorded. An optical density of the test pattern is not uniformdue to
vari ations caused by fabrication of the respective recording el enents and
vari ations caused by deteriorations over tinme, as shown in Fig. 5B. An
uneven inmage density is caused, as shown in Fig. 5C. A drive signal S for

t he recofldir®f Hexl | n"Thespensétyooft hber tadtsipgidledrs icorreadedyi n units of
recording elenments in accordance with the read signal, thereby preventing
an uneveR FIREREHerdiigadwhélspsbif Léakl pensioghtS 30s jscieemredn the test
pattern (Fig. 5A), and light reflected by the test pattern is received.
The receFVe%Wqg#nd%ﬁ%ﬁﬁ+?9-isDaAPDrééﬁv vt &8¢ piredigitdt @kt Bhet hereby
nmeasuring.a distribu%%&n Ei (where i is a recording area of the ith 25
SEPTEMBER§9& &N si9F zFRY T e8BPNgf LeudRNSLItYs 96t ALY ght .- ( So)
represengﬁtet hat Ee[ isva function of .S Ifc S = ?ﬁ‘& t hen j 1S obtained.

Li ght quaRfi & YRS Yehsf t $SCBRTEPEI SASTPR SePEoREd 1852 ¥t the

di stribugign Ei (S0) of quantities of reflected light into a distribution
ODi (S0) optical densities. An average density OD(SO is

An algorithm of uneven image density correction
proposed above will be briefly described with 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 drive
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 density is caﬁsed, as shown in Fig. 5C.

A drive signal S for the recording head in response to
the read signal is corrected in units of recorxding
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



cal cul ated, and a reciprocal ratio OD(S0)/CDi (SO) for the average density
OD(S0) of the optical density ODi (S0) of each portion is MmastSEPTEMBER 999
the drive signal for driving the ith recording el enent, thereby
correcting the uneven inage density (to be described |ater), thereby
obtaining a uniforminmage free fromgan uneven inmage density. An exanple of
t he above operation will be briefly described below Assune 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 Sis
correct ed"88%a€ )t d Subt 9En IR Hidras sralreblesredshightby USeng a | ook- up
table or the like. Since all the recording elenents are driven by the sane
drive si ghaPTe8&NtSptihah Biensst¢ efunatyodepéndi-ng Idh & e $espdar ve
recording elenments (i values), as shown in Fig. 6A. The second recording
el ement, FElels pbtaingd| {Helghkeguamtity sradpheith gor6Rrsiltwe optica
density of a partion to be recorded by the second recording el ement 25
SEPTEMBER-§98§Tfofled daosqmsre gbexdEetasbopposedit(Shefaverage density
OD(SO0) = a x S.of the entire inmage, so that the portion to be recorded by
t he secon@uUpBtéitdiesy off arhkedzed alighhetntiensi dy stheputhieomver age density.
The drive ignal for d ivin% t he second recording elenent_is corrected to
@25%‘

S . enent_|
5- D( S0) / 0BBE 68y) XOREL it ARSEF ifith &F EXHT? ®pity SPiSe) céAdition OD

(S2) /CDch§2letg%,Xand a reciprocal ratio OD(S,)/0ODi(S,) for
the average density OD(S,) of the optical density
ODi(S,) of each portion is multiplied with the drive
signal for driving the ith recording element, 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 signai S is
corrected so as to obtain a proportional relationship
by using a look-up table or the like. Since all the
recording elements are driven by the same drive signal
So, optical densities vary depending on the respective
recording elements (i values), as shown in Fig. 6A.

The second recording element, i.e., i = 2 will be taken
as an example (Fig. 6B). The optical density of a

portion to be recorded by the second recording element



So)/ (a2 X SO = ala2 is established, the drive signal for driving the

second recording elenment is given as OD (So) /0D2 (So) x So 73 SHPEEMBER 1999
This correction value is proved to be a correct correction val ue
(correction value for elimnating gT uneven image density) as follows. As
is apparent fromFig. 6B, since sABC - AADE is established, BC: DE = AC:
AEBC: DE=a2 x So: ax So =a2: aand AC: AE = a2 : a, AC = So then
AE = a/a2 x So When the second recording elenment is driven with a/a2 x So,
the optical density is given as a x So which is equal to the average
density fros &bgsHB.= The x wiexensppssell thi shpordvarmgandéesapparent|y
corrected. A correction value of the drive signal for driving the second
recording gbespnt=i38 khgsogonthier B itre héhadfe SERIEMBER t889portdon
OD(S0)/0D2(S0) (this "value is nultiplied with the drive signal). This can
apply to otheper ge@ioHididi &) eMend SsecMENrec 6881 a6t eQrmaditiddOD is
multiplied wth a drive signal for driving the ith recording el enent, the
uneven i mageweendiens iafy tdlear eglos dege tapgedensile . cahecaimo ¢ o be uniform
Since any So val ue can be selected, the uneven inage densities of all the
drive sigsagneal fexr chnibingothiecsecombdracerdingoreiethent is

corrected to OD(S,)/0D;(Se) X Sp multiplied with

OD(Sq)/0D,(So). Since condition OD(S,)/0D,(S,) = (a2 x
Sg)/(a; x Sg) = a/a, is established, the drive signal for
driving the second recording element is given as
OD(S,)/0D,(Sp) x Sq = a/a, x Sy. 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,

BE : DE = AC : AE

BC : DE =

1
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AC : AE
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~
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o2 d
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o

then

AE = a/a; x S

When the second recording element is driven with
a/a, x Sy, the optical density is given as a x S, which
is equal to the average density from Fig. 6B. The
unevenness of this portion can be apparently corrected.
A correction value of the drive signal for driving the

second recording element is thus confirmed to be



In summary, light is incident on the test pattern shown in Fig. 6A and a
quantity of light reflected by the test pattern is neasureds SEICKEMBERI1099
gquantity is calculated by the above cal cul ations, and the recording head
is driven by the corrected drive-siignals. The uneven inmage densities
caused by variations in recording elenents can be corrected, and a desired
recorded i mage can be obtained. In an inage recordi ng apparatus for
perform ng 1image recording using the cyan, nmagenta, yellow, and black
recordi ng_heads descri bed above, recording characteristics of the

recor di ngPRéeddy A G0 HENG o 1wt el wiell L ¢ nwanhutdeedtivege density
is to be corrected. Wien light is incident on test patterns (obtained by
di fferentS&dnets) r EddisdaRhyarky tespeterveererdidgng teewmass and
conversion paranmeters for converting signals proportional to the

quantiti g8Nepf ar EPFEECEd I gralust @ EPYnalss mrlgpptiehavith apti cal
densities are common to the col or conponents (i.e., 25 SEPTEMBER 1999 - 13
cyan, magdhtde §épnew, fard driatkg the huanteededing edefesdtedHe ght
cannot be accurately transfornmed into optical densities. For this reason,
t he unevelMfhegelMa8ss e edih Rt beh9ereeR¥i9d chraget 64n Ween light is to
be incident on th tesh patterns (having different  colors) recorded by the
respect i v%orrr'%‘éﬁ?gi g @ad’é",léjrfa“anaﬁ’dbc B pPopFiienedntBet he

distribution of the quantities of refJect,ed,Iigh are to be converted into
di gi tal 7 ecF%?er&ﬂ@e%ﬁ%ﬂ%ﬁ)lmage ensities "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, magenta, yellow, and
black recording heads described above, recording
characteristics of the recording heads are to be often
detected and then an uneven image density is to be
corrected. When light is incident on test patterns
(obtained by different'colors) recorded by the
respective recording heads, and conversion parameters
for converting signals proportional to the quantities
of reflected light into signals proportional to optical

densities are common to the color components (i.e.,



val ues for A/D conversion are common to the cyan, nagenta, yellow and

bl ack recordi ng heads. For this reason, resolutions (repressEPTEVEBER 1999
m ni nrum density difference determ nation range) for the densities of the
read data of the uneven inmage densities of the vyellow mnmagenta, and cyan
recordi ng heads are decreased, and3uneven inmage density correction
precision is degraded, resulting in inconvenience. In the above operations,
it is generally difficult to actually obtain an image perfectly free from
an uneven inmage density by a single calculation cycle. The cal cul ations
must be repeated until an inmage perfectly free fromthe uneven i mage

density iSY2Rdbt BRABE F2nER LY o pecatilefd ar herdidat £B1gFt OF

sati sf act n nness .densi t orrection of an inage w.th the resultant
correctidﬁg%%€%g¥§ géﬁﬁfrﬁg&ﬁoé %?UﬁHQHﬁﬁﬁ? he g%?@%?réBFPon ef f ect
can be j . SERTEVBE 999 .- 14 _ Even . _c i on ta is

obt ai nedq%@ifﬁggagé\%?%ﬁezghod?\oé 3:%I (ﬁeé:‘nsﬁ\ﬁy e%qeecféé/‘ggég%?ggtgi onI ef f ect

cannot oﬂgémgpgyoggﬁkggdbgoregqekqﬁgﬁf$%§géq%é%_large difference fromthe

test image used in unevenness corr or exanple, when correction

data is rewithranbyiqHe! B3 &cNald 490 RIS O e 008 AULY e LRLS data is
effective for the unevenness correction effect in 50% halftone. However,

this data Heyin@tdberetbeet icvachan feldddne if thd ordSfeetide to 85%

because gradation
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,
magenta, 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 difficult
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 terminated after
satisfactory unevenness density correction of an image
with the resultant correction data is confirmed, a

sufficient unevenness correction effect can be

obtained.



characteristics of the recording head are not necessarily linear, as shown
in Fig. 6A. An effect obtained by correction shown in Fig. 26BEPTEMBER 1999
al ways valid throughout the entire area of the input signal. If an inage
form ng apparatus includes an i mage readi ng apparatus, converts an
original inmage into an electrieal4sirgnal, and perforns inmage recording in
accordance with the electrical signal, the original inmge reading
apparatus can be used as a reading unit for the uneven i mage density of a
test inmage without any nodifications, resulting in convenience. In an

f t h h di t d
Lg??.ecuf”aﬂ R R e R Lo 01 T oAHEAGRER. FT MRy SEfor | mage,
t di t t G BL |
Incthi o RabRodr S S4By Thia v d ERsroharfom i #5 SebreneiR 1009
- 15 Th I h ble t
15 caoRatBELIRESD i RuELL OB S ADoIREARRe WGty € agtgerable o

in a nmdg; 9&5&%@' NG 18 | Gl nal ixixé?% eyand Eﬂpwn@gretrhfewad i mage by a

recordi ng i's preterabl e not sacrifice color reproducibility.
Anot her ugeygp+iggge density reading head 506 used in the above nethod is
shown in Fig. 7. This head conprises a |anp 502, a photo-di ode 503, and

| enses 504 a?@!é@a&ammeéhaadeﬁaébfﬁédtaanuaavanaess:mmmhy pattern
printed on recordi ng sheet 501.
using a halftone image of a 50% duty, 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 gradation
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 into 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 density of a test image without
any modifications, resulting in convenience.

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. In this case, it is possible to read all

color patterns.



Light fromthe lanp 502 is collimted by the lens 504, and the collimated
light is incident on unevenness neasurenent pattern on the xsaREPIEMBER et
501. Light reflected by the recording sheet 501 is incident on the
phot o- di ode 503 through the | ens 505 and an aperture 507 having an opening
sized. At this tinme, light incidepg on the photo-diode 503 falls within
the range of dl on the unevenness neasurenent pattern, so that an average
val ue of the unevenness pattern within the range of dl is detected. Wen
unevenness correction data is rewitten on the basis of this detection
result, a uniforminmge can al ways be obtained. A still another nethod as
an uneven i mag€hgeNsievpnnesadiisg anstehld-ak ¢ | plvendwsopnbednd tit rief erence to
Fig. 8. A recording sheet and a CCD are denoted by reference nunerals 520
and 521. BRe ﬁé@bﬁ%e§§ FHagEEPVBER Stogignage ewithr héghi eFesdisiam. print ed
by a multj-head having a total width d ,of recording elenents in the y
directiont™ anPﬁT“é‘lc%é’E}’lt“ﬂe Modfoert & - r efdrdi Rgiel EREnEeadd the

mul ti-head is_256 nd the nunber_ of, rea ixels of the, CCDis also 256. A
density o?naoﬁéngPﬁ BrPFCed o (FPPYRS i EHRAATPRIPeRY Rhile the CCD i s

scanned i krecti of, .an arrow 525.. Data read by _the pixels of the CCD
corr espon‘ge?grg%8§5| te:%gé 3t t'fe prree\gp?erc\rii’lvee r?%:o?%i ﬁaxﬁf‘gﬁﬁﬁt §£9%9°% he

nulti-heage ES&B%EE&%&E . When unevenness correction data are forned
directly uang the pi xef data, an inmage contains a

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 through the lens 505 and an aperture
507 having an opening sized. At this time, light
incident on the photo-diode 503 falls within the range
of d, on the unevenness measurement 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 detection
result, a uniform image can always be obtained.

A still another method as an uneven image density
reading method will be described with reference to
Fig. 8. A recording sheet and a CCD are denoted by

reference numerals 520 and 521. An unevenness



| ar ge nunber of noi se conponents due to the follow ng reason. Assune that
dots D are forned in an uneven inage density correction paRsSEPTEMBER1999.
The dot sizes are uneven in the x direction because dianeters of dots
recorded by one recording elenent of the nulti-head are changed. Density
measurenent results greatly vary - dependi ng on neasurenent timngs. The
dots are not equidistantly arranged in the y direction because dot
recordi ng position precision varies in the y direction. At this tinme, when
a neasurenment is perforned, a density corresponding to a readi ng el enent
521b is high nd a density corresponding to a reading elenent 521c is

| ow. 25 Sgéhf TyRPLEaEn pEEnEAdsbredsan ] tindiqashchatatngod a

pr edet er m ea.ln the x and directions are averaged, and the
aver age \Té::aﬁ:glsg{lvd}sﬂ & odétﬁe%?r‘?¥89c%ﬁ?ix‘ﬁptlse&di fgre pi x@lrettigns ar ea.

Unevennesg CQh;ectd [ rformed on the hasis of the data obtained as
described above, éﬁ%k%:ﬁﬁgn%ﬁ$ﬁ?ﬁaﬁ ESACAFWEYs PSP S nedl. EMBwever, when

an apertum@1%izZeda3 fiisX as, sho in Fig. 7 _or when the sjize of the
data averaging area i s%sx'edéégs%%o%mlgﬁgﬁé. rgaq \RIx} S RF ngheir awback

is preseatedisTha Rperdalr e §idénand, the gi égt&fﬁrlnh Ay av‘/etrl?gi ng area

are inportant factors in unevenness ~ readi ng. en e’'size O he data

aver agi ngtaeeauilt i @xeesSis/etdad arwe) e ac KEMBEDCALEY JIDGURINgSS, Pattern
direction of an arrow 525.

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

When unevenness correction data are formed
directly using the 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 dots
recorded by one recording element of the multi-head are
changed. Density measurement results greatly vary
depending on measurement timings. The dots are not
equidistantly arranged in the y direction because dot
recording position precision varies in the Y direction.

At this time, when a measurement is performed, a |
density corresponding to a reading element 521b is
high, and a density corresponding to a reading element

521lc is low.



cannot be read. In this case, it is difficult to correct fine unevenness
havi ng a short period. To the contrary, when the data aver 2gSRpPTEMBER $999
too large, noise in a read pattern is extracted, and stable unevenness
correction cannot be perfornmed. A satisfactorily uniformimge cannot be
obtained by a single unevenness corlr7lection cycle. In order to obtain a
satisfactory i nage, read and unevenness correction nust be repeated a
plurality of times. For this reason, the aperture size and the size of the
data averagi ng area nmust be set to optimal values. However, these optina

val ues change in accardance wth Rrint conditions. Assune that a large
i mage i s out put 25 Sﬁ%b“l%m‘i@%t-emeaﬁnéa@@e@ﬁ & predetermpnetine |ike.

In this ca si.nc oster is not observed froma position close to
it, fine E%éa\?erfnmegtsh% sn—?nag?gs% LHhepFEEBEs 280 2R 2ast r 24 oBhef an uneven

he apor re aivt s APy EE 47 4 odF aPhRo PR i PR pr of or bl ¥

the aperture si'ze an he 'si Ze

large. To bhgeQORs &L s WAL, | ] e _which i.s observed_ at hand,
elininatio% of fine unevenness ed%%%ég?%ecﬁffﬁ§ﬁ¢QQNﬁﬁHRErﬁ%r?ﬁ?s case,

it is prefenakhe bagieduse dhe @é)@a[téﬁ@a.%{qég gad 4gthe sl ze f%‘%é‘?ogf‘it ﬁ'&l

averaging area. In this manner, an optinal aperture size an
size of a datlaaaverifgifng idMffe dth ARAPE ndepgrdiiRgon out put images.

Optimal val ues are al so changed depending on tine

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 important factors in unevenness
reading. When the size of the data averaging area is
excessively large, a complicated unevenness pattern
cannot be read. 1In 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. In order to obtain
a satisfactory image, read and unevenness correction
must be repeated a plurality of times.

For this reason, the aperture size 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



required for form ng unevenness correction data. On the market, when a
servi ceman often replaces an old head wth a new one, he f @SBERTEMWBFR49%)
correction data. In this case, it is better to take tinme to perform

hi gh- preci si on unevenness correction, and the aperture size and the size
of the data averaging area are prgferably set to be small. Wen an

ordi nary user perforns unevenness = correction during use, unevenness
correction of a given |evel or nore 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 |arge. 25 SEPTEMBER 1999 - 19 These opti nal

val ues armdlsoeghanged geperdi pg ame thikewnter Widheawsasesthses. \Wen a
new head is used immediately after its replacenent, print position

preci si ortlod mashedot.si sotr ebaeirveldy fowod.a Rl o ec Eag8elby vari at i ons
in print position precision, shown in Fig. 9, is small. The aperture size
and the siizee ofineWiendalss avenadi B CANEDicHPWer stRalthatn an ol d head,
however, since print position precision of each dof is degraded, the

aper t ur e e reeahionhe fsiane s vieRe IMAGagiaRS e %Yhngp?eigpgbly set to be

| arge. Optinal values of the aperture size_ and the_ size gLethe dat a
aver agi ngPeF tadvapy tAEp BFHRF Yor P& ¥ls BNt 1T oh8 S Fhese®val ues as fixed

g?'ge?eggﬂggéFgggesf@éﬂgdﬁagﬁgk%fggug A0S g4 L ead. 50§ e 20ge focus state
are preferably large. To the contrary, when a small
image which is observed at hand, elimination of fine
unevenness 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 are also changed depending on time
required for forming unevenness correction data.

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

When an ordinary user performs unevenness
correction during use, unevenness 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.



system are used as factors having the same effects as the aperture size
and the size of the data averaging area. Wien the read speest SEPTEMBER fiogve
unevenness tends not to be read. However, when the read speed is | ow,

hi gh- preci sion reading can be performed but noise in a pattern tends to be
pi cked up. Fine unevenness tends net -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. 25 SEPTEMBER 1999 - 20 When predeterm ned read conditions
are set, it is difficult to performoptinml reading. Types of unevenness
correction patterns, and a nethod of cal cul ati ng unevenness correction
data in addi Thesa copthionakhrvalises eadecahdpt consgade dfpemdipgepar abl y
changed dependi ng on fine unevenness correction requiring a |long period of
time, or tdeans@bamevleniead-ederet®edn requiring a short period of tinmne.

For exanple, precision can be inproved by correcting a plurality of
patterns inst &@rofa Y deeadhgl Hnesedpempedigsedar @ wseSa cal cul ation

nmet hod suitable for a specific, purpose nyst be %§ed. When there is only
one net RERIGCMAN U RT YL IRRYENHRR SPEBFFELPMoR Tp &R ot bPt i nal

unevenness .cor.rection data suitable for_various conditions cannot be
formed. SOVRARY 1$%9$NV§%W%)F?fSFscgﬁSSBjg@tﬁﬁxﬁﬁﬁﬁ?ﬁ%shﬂt i nvention
to elimnate L5 COMNEELQ0al; 81 a0RGKR dASFiLDeY 28 &mall.

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

aperture 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
conditidns. 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. However, when the read speed is low,
high-precision reading can be performed but 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.



and to provide an imge recording apparatus free from variations in
recorded i mages which are caused by variations in recordi n@sSEPTEMBER 1999
characteristics of recording elenments constituting an array. It is another
object of the present invention to provide an inmage form ng apparatus for
uniformng different densities.igpthe entire range of input signals and,
particularly, to provide an imge form ng apparatus capable of performng
printing at an accurate 25 SEPTEMBER 1999 - 21 inmge density for target
recordi ng i nages whose inmage densities vary in a wde range. It is still
anot her object of the present invention to provide an image form ng
appar at us havithgn picghetelrod nedprreddciasindisiemel @BBabPE of-Trddding a test
i mage having any color with sufficiently high precision. It is stil

anot her ‘ébf-géﬁugf‘: ftRe PErdSEM ORIt i%HR 4 Pr ovi de an i mage recording
apparatus capabl e of always perform ng optinmal _jnage reading and formng
unevenness cof¥Befi &f H&Fgéqq?%ﬂwﬁﬂrﬁékEﬁﬁﬁeﬁ%F#ﬁﬁggbogg o%ﬁects accor di ng
to an aspect .of .the present invention,_ the ' V| : i mge

recor di n’@gﬁbﬁgr Stfué:arlc?r’ﬁﬁ WY SHRGE (:rcge%%%%}-‘%goﬁgggr elggr di ng medi um
by using_plural type of _.r r di eadls ayi-ag urality of
recordi nagdéltéﬁé‘n%{:g cﬁ:-‘(;‘r?stviatruco?lnsg ﬂ%%rrayﬁ%ﬁnpgi és{l&:ﬁg:d%tt(;lélsnt pattern form ng

gFﬁlefoErL?Egg%ﬁyt%ﬁknd@gtéaﬂghdﬁhérﬁhrfEE%dﬁﬂngﬁﬂEQ@‘by using the

correction requiring a long period of time, or coarse
unevenness correction requiring a short period of time.

For example, precision can be improved by correcting a
plurality of patterns instead of correcting one type of
pattern because a calculation method suitable for a
specific purpose must be used. When there is only one
method of calculating unevenness correction patterns,
optimal.unevenness 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 invention to
provide an image forming apparatus for uniforming
different densities in the entire range of input
signals and, particularly, to provide an image forming

apparatus capable of performing printing at an accurate



types of recordi ng heads; reading neans for reading the test patterns
recorded by the test pattern recordi ng neans; and correcti 2§ SERIRMBER 1999
correcting drive signals for driving the recording elenents in
correspondence with the recording elenents and types of the recording
heads on the basis of data read-bglthe readi ng neans. 25 SEPTEMBER 1999 -
22 In order to achieve the above objects according to another aspect of
the present invention, there is provided an i mge form ng apparatus
conprising: a recording head having a plurality of recording elenents for
formng ap inmage 'on a recording nmedium the plurality of recording

el enent s bﬁﬁg?ig&?ﬁﬁ}%ﬂFOQNF%ﬁﬂe%e%ﬁc?%ﬁ¥%ﬁnl$®gﬁﬁtM@@ﬁﬁnﬁmQﬂeneans for
causi ng &hgsggcgrdin%_head to formplural types of test patterns having
di fferent “densités;Y 2densi yP & Mans for reading densities of the

plural types of _test t.terns;, .and uneven | e density correcting nmeans
for form ng, gﬁ ?%esg'g's]ils BT R %%c?e%gfl’?h%fpfﬁée YSral types of test

Gensi 11 o5 FERAC BTN RS oS R Tl A PRR RSP N T i ve
Corch P88k, EOTR SRt Slo 0 U0 SSIBIN o1l 0T
another aspget iRhgehBaRiOLHny e QP el NI LF{Siently high

precision.

It is still another object of the present
invention to provide an image recording apparatus
capable of always performing 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 imagé 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, comprising:

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

reading means for reading the test patterns
recorded by the test pattern recording means; and

correcting means for correcting drive signals 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.



provi ded an image form ng apparatus conprising: a recording head having a
plurality of recording elenents for form ng an i nage on a rgeNEIEMBER 1999
medium the plurality of recording elenments constituting an array; 25
SEPTEMBER 1999 - 23 neans for relatively noving the recordi ng head and
the recording nedium giving diffegent drive conditions to the plurality
of recording elenents upon relative novenent between the recordi ng head
and the recording nedium and form ng test patterns having areas of
different densities in a relative novenent direction; reading nmeans for
reading densities of the test patterns in units of density areas; and’
uneven i mage demsorgecorpeachigveedhe fabove b ittngadepydiogndioti ons of
the plurality of recording elenents at the tinme of inmage formation so as
to unifordnIthee A8PAALI OF G&8sPERSSNGN Ueriuisd®s, oth@rer é8di ng result of
the reading neans. In _order to achieve the above objects according to
still andR¥RfidRpedR dMagRe fprEddnt APRAGATLH, CIMRF£S+89 provi ded an i mage

form ng apparatus for performn r.ecor di 0 recordin di_um by using
a recording _H%aﬁeﬁ859ﬁ&9a%ﬁﬁﬁr%PWP?QCPlégﬁﬁ%hﬁkfeﬁgnﬁﬁfgrgg8ﬁétiFuting an
array, comprisipg. s reading eans b eading a0, jamge Ad; Qut putting

col or si ghars correspon8|ng o 4ne g€, col’or cortettion prdcessing nmeans

for perforyd ng; ,£Qh 9k yC O SRl i8R ML Lfcd e PLORVR M 2@M t he

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 plural types of
test patterns, correction data for uniforming image
formation densities for the densities read by the
density reading means and for correcting drive
conditions of the plurality of recording elements on
the basis of the correction data.

In order to achieve the above objects according to
still 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 constituting an

array;



readi ng neans; test pattern formng neans for formng predeterm ned test
patterns by the recordi ng head; 25 SEPTEMBER 1999 - 24 cor rsEEPTEMBER 3999
for causing the reading neans to read the predeterm ned test patterns
formed by the test pattern form ng nmeans, obtaining correction data from
the color signals color-corrected py the color correction processing
means, and correcting image formation drive conditions of the plurality of
recordi ng el enents on the basis of the correction data; and col or
correction control nmeans for causing the color correction processing means
to performdifferent color correction processing operations in a test
pattern readi ngeande famd ra ladgrivell yomoyiimed thegeecoeddngg headie.arldy order to
achi eve the above objects according to still another aspect of the present
i nvent i orthe heeeordingr oedded  agiviiage didi g ren tippat aeusohgd tgerfor m ng
recording using a plurality of recording elenents constituting an array,
conpri si P &Rt PpAreddsYf OEmite§oredms fedrenen k§ ngPPBsrelgditvé ns on a
recordi ng medi um by using a recording head; reading means faqr optically
readi ng d¥NETRERE %Fthﬁé {88 rFErretmyg MRast qavd okl ehEeFegsidigng nedi um by

h rn form.n ns in rdan with pr rmn r in
the fest BALEAN LoNMeRnTRE s 2LRULIANCG MLy PLEdlen ned reading

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 according to
still another aspect of the present invention, there is
provided an image forming apparatus for performing
recording on a recording medium by using a recording
head having a plurality of'recording elements
constituting an array, comprising:

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 from the
reading means;

test pattern forming means for forming

predetermined test patterns by the recording head;



means for calculating correction data on the basis of the densiti

by the r
for corr
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an uneve

es read

eadi ng neans; 25 SEPTEMBER 1999 - 25 inmmage signal oQgrreqaiEMBERT0S

ecting an inmage signal applied to the recording el enents
the correction data cal cul ated by the cal cul ati ng neans;
means for setting variableg

on the
and

one of a formation condition of the

tern formng neans, a reaéing condition of the reading neans, and
of calculating the correction data by the calculating neans.

n image density correction node in a multi-nozzle head;

1A to 1E are views for explaining

Fig. 2is

a schematic seetireraling e SWW Y GaeoDNgNEhenakaldikg eledresotdi ng
s; Figs. 3, 4, 7, 8, and 9 are views for explaining a reading unit
for perfoeainghengrenidtage. iehstdyt pattechsofipriiegs bySAle® 68stre views

apparatu

for expl

aining an uneven inmage density correction algorithm Fig.

10 is a

bl ock di pgtasarshdwiomyg. ran reeareagerierd indngocdicngctdonhdafia strembodi ment  of

the pres

ent invention; Fig. 11 is a flow chart showi ng a correcti

on

sequencetbf €RAOH BUITAHFOHIIN-CIFHRctad RHdthe &edodr aphs for expl ai ni ng

a | ook-

up table of a light quantity to density conversion
correction processing means, an correcting 1mage

formation drive conditions of the plurality of
recording elements on the basis of the correction data;
and

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

In order to achieve the above 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 array, 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 recording 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;



unit; 25 SEPTEMBER 1999 - 26 Fig 14 is a view showng a test pattern of
the second enbodi nent; Figs. 15 and 16 are graphs for expl 25/SERFEMRER 1999
third enbodinment; Fig. 17 is a diagram of an A/ D conversion reference
voltage transformng circuit according to the fifth enbodi nent of the
present invention; Fig. 18 is adiyggram for explaining the principle of
the sixth enbodi nent of the present invention; Figs. 19A and 19B are side
views showing a line printer type ink-jet recording apparatus according to
the sixth enmbodi ment of the present invention; Fig. 20 is a perspective
view showi ng an arrangenent of a reading unit and its scanning mechanism
shown in Figs.imgye andgndb; cergect2ngt seadsarfoyrapheed bingxphai ning a
density correction node in a multj-nozzle head; Figs. 24 to 26 are side

vi ews shoWiesg & iaibneRPiicdath FBP RECAFAGNE @ LAmeRES heRwebR t he readi ng
unit and a recording nediu gs. 27A to 27C are views for explaining a
node f oP3SEEr s a¢8§ﬁ§g¥éoﬂaﬂ©§aOFa; §§ﬁ§6¥{%?§h? ©reception quantity
correspondi.ng to each color; Figs. 28 to 30 are views show ng arrangenents
of a porctail(?g‘lf%"rl?%a‘a??\ﬁsanaﬂ even i mage density of a test pattern in

correspondenCE\Mtroit egglo%br2§e§§E;ENB§§f§§1 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 lE 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 are viéws'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 embodiment;

Figs. 12 and 13 are graphs for explaining a
look-up table of a light quantity to density conversion

unit;



- 27 Fig. 31 is a view for explaining a scanning drive node of the
reading unit of this enbodinent; Figs. 32A, 32B, and 32C ar @5SEPWEMBER 1999
explaining variations in values read corresponding to variations in
scanning rate of the reading unit; Fig. 33 is a block diagram showi ng an
arrangenment of a control systemimsan ink-jet recording apparatus
according to this enbodinent; Fig. 34 is a bl ock diagram showi ng a detail ed
arrangenent for an uneven inage density correction system Fig. 35is a
graph for explaining an uneven inmage density correction table used in this
enbodi ment; Fig, 36 is a flow chart show ng an uneven inmage density
correction squbﬂcé4oﬁstﬁi§l@Wb@QQWﬂﬁq FigesB7Pastany &F Hwing a state
wherein an ID nmark for perform ng uneven image density correction in

accor danct® %W rh UPeLiBNtécording media is formed on a recording medi um

Fig. 38 is a graph f expl @ining a change.in tegperature of a recording

head; Figs. 39%188'3855 QF‘B 3i6e &raeqjﬁgafr‘?ﬁ ng<BLRdAE "% St Ser f or mi ng

st abl e ungven in%ggﬁdensity correction wthout depending on tenperatures;
S

Fig. 40 i 8WrefsWeAT a case wherein an injection stabilizing pattern,

gEPiTg\/gg?i igggﬁgsggud%eg WA Akt S arf e/ BN YRGUER sidipge density 25
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. 20 is a perspective view showing an
arrangeﬁent of a reading unit and its scanning
meéhanism 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 sensor light
reception quantity corresponding to each color;

Figs. 28 to 30 are viewé showing arrangements of a
portion for reading an uneven image density of a test

pattern in correspondence with its color;



correction test pattern are fornmed on a recording nedium Fig. 41 is a

bl ock di agram show ng an arrangenent of a main part of a C@tSEATEMBERNY99
for perform ng uneven imge density correction for all the orifices of a
recording head of a full nmulti-type recording head of this enbodi nent;
Figs. 42 and 43 are timng charts showi ng apparatus operations starting
wWth test pattern recording and termnating with uneven i mage density
reading; Fig. 44 is a block diagram showi ng an arrangenent for correcting
an out put magni tude difference caused by colors of unevenness reading
sensors; Figs. 45A and 45B are views for explaining a correction node in
the operation FAgFi g1 44, aFivij-ew&ds exviaivn show ngCeABL88v EFiN enmrbodi ment
in which the present invention is applied to a serial printer type

appar at usTote go £ 4#hps rgadia\g SHovi rfgg)a”i”e‘?ao?fi‘@o%’y@?éﬁf unit of the seventh

erboul et g 49 130 Mg sho g e o gD eIbofl o the resent
it g BT AR S R
in scanning rate of the reading unit;

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

Fig. 34 is a block diagram showing a detailed
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 density correction in
accordance with types of recording media is formed on a
recording medium;

Fig. 38 is a graph 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 temperatures;

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

detection pattern, and an uneven image density



Figs. 52A and 52B are views showing the principle of the eleventh

enbodi nent of 'the present invention; Fig. 53 is.a block di2Z@EPTEMBER 09992
detail ed arrangenent showi ng an uneven inmage density correction system
Fig. 54 is a view for explaining an unevenness correction table used in
this enbodinment; Fig. 55 is a flgy chart show ng an unevenness correction
sequence of this enbodinent; FigS. 56A to 56C are views for explaining
density correction of this enbodinent; Fig. 57 is a view showi ng anot her
test pattern; Figs. 58A to 58C are graphs for explaining density
correction according to the twelfth enbodi rent of'the present invention;

Fig. 59.bsractiiagl amdorpexpbahnapg tbempd rai p erecérdhngt hirteent h
enbodi ment of the present invention; Fig. 60 is a schematic side view of a

line prj t.ype ink-jet recording apparatus according to the present
line priaeenype i ing aj rding i p
invention, Fig. 61 is a perspective view of a reading unit and its
scanni ng mecharj sminis he appakatisgshowshawimy gan68rT259SESTEVBER 1999 -
30 Fig. 62 is a block diagramshowi ng an arrangenent of a control system
of the igfk— @ia irecmadt ngf apparatusl sewed rE9F geeBBormigd 63 is a bl ock
di agram showi ng a detailed arrangenent of a sYsten1for,%erforang i mage
processiumgven image density correction for all the orifices O
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 and terminating 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 apparatus;
Fig. 47 is a view showing a reading system unit of
the seventh embodiment;
Fig. 48 is a view showing the eighth embodiment of

the present invention; .

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

eighth embodiment;



and uneven inmage density correction; Fig. 64 is a block diagram show ng a
systemfor perform ng i mage processi ng and unevenness corr &StSERTEMBER 1999
according to this enbodinent; Fig. 65 is a flow chart show ng an unevenness
correction sequence of this enbodinent; Fig. 66 is a view showi ng test
patterns formed on a recording-"ef um Figs. 67 and 68 are bl ock di agrans
showi ng the fourteenth and fifteenth enbodi nents of the present

invention, respectively; Fig. 69 is a block diagram showi ng the seventeenth
enbodi nent of the present invention; Fig. 70 is a perspective view show ng
a structure of, an inmage formng unit of this enbodi nent i 71 is a view

. Flg.
showi ng an ar riar@enent epdanl Gﬁévgﬁﬁﬁﬁkfyﬁﬁﬂﬂﬁb'HE%d“hEEBr&%ﬁg to this

enbodinent; _Fig., 72.is vi ew_showi ng apertures of this enbodinment; Fig.
73 is a'féﬂﬁqﬂéh?o h@ﬁpﬁa 8%C5ﬁFF8F%%(ﬁhﬂh&yeQﬁl?%fs embodi nent; 25
SEPTEMBE 9 s Fig. 74 is a block diagram show ng the eighteenth
enbodi me%e]%?ge t-h%a‘;grp%%éent invention; Fig. 75 is a perspective view show ng

a structure of; 20, i BBECLhAT B 23RPY A Hodiis @NbogiigptpiEg. 76 is a
view showi ng' a data averaging area of this enbodinent; Figs. 77 to 80 are
bl ock di &g alffe Py 88thNBmbodiment of ‘the present invention;
Fig. 53 is.a block diagram showing a detailed
arrangement showing an uneven image density correction
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
correction of this embodiment;
Fig. 57 is a view showing another test pattern;
Figs. S58A 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 of a line printer
type ink-jet recording apparatus according to the
present invention;
Fig. 61 is a perspective view of a reading unit

and its scanning mechanism in the apparatus shown in

Fig. 60;



ni neteenth to twenty-second enbodi nents of the present invention,
respectively; Figs. 81 to 83 are block diagrans show ng twestQFPIEPMBER 9999
twenty-ei ghth enbodi nents of the present invention, respectively; and Fig.
84 is a block diagram showing the thirtieth enbodinment of the present

i nvention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Preferred
enbodi nents of the present i nveriti>dh ~ wi || be described in detail with
reference to the acconpanying draw ngs. An uneven inmage density correction
sequence of the first enbodinment of the present invention wll be
described with reference to the block diagramof Fig. 10. In this

embodi ment, apGQ Ofgj MBYEs NSEOER AfagRBRARMNG {1 dn 2} rdAyeRgnkour
recordi ng heads,” i.e., cyan, magenta, yellow, and black recording heads is

exenplifiogda Hamsa®e £fédesh 85 the cakorjddrags-orerogdipgasppasat us can be
obtained in a nmonochromatic 25 SEPTEMBER 1999 - 32 image recording

appar at ughleawi 1 &Fid ghdopl ack ink head and a dark black ink head. Fig. 11
is a flow chart show ng a correction sequence of this enbodi nent. Uneven
i mage density Fu@ys e&l i b asbibakt edagpem stepvigssiondetadhedneven i mage
density correction head designation key of a corrected-head designation
unit 91 afroendeseatatefiga asyetem 6 rapeefd muisjecinrige oPupeveALingmge
density correction (step Si). A signal is output

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 showing an arrangement of an
unevenness reading head according to this embodiment;

Fig. 72 is a view showing apertures of this
embodiment;

Fig. 73 is a flow chart showing a control sequence

of this embodiment;



to a light quantity to density conversion unit 93 so that, of all the
cyan, magenta, yellow, and black |ook-up tables (Fig. 12) nr&SEPTEMBERI1999
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-uditt -91 (step S2). Wien the corrected- head
designation unit 91 designates a head having a col or subjected to uneven
i mge density correction, a pattern for driving all recording el ements of
the recording head in response to the sane drive signal is generated by a
pattern genergtor (not shao ,..and the head subjected tq uneven i nmage
density correétidon 7i(ds s e m?}‘éc%‘?jgﬁa‘f‘e?fmwb&fft é'&\‘? (es’tq(}bt%%“'}t?hA tes'?
pattern readi,ng syste 4 emts light opto this test pattern and receives
li ght rgpgggﬁ&E%%/Q€2§ SREPAer ?V%ﬂgl?Bst pattern reading system 94

outputs a si gagly PrAPArd i PNal, 1940, 25, PEETENBER 090 <c AR e genti on

| i ght quantity to an version unit e signal 1s converted

into di gtrabndatd E&l@nirﬁliQ%&é‘f’&ﬁt?:éOBfuehEsgénMi%@}. gital signal is
ity tod

output to the |ight quant density conversion unit 93 (step S4). The
light quantityilg demsid Va GOIwer ShORingNat d93aCareaiddE idenségnak
proportion to the light quantity into a signal proportional to the density
by usi nghtike end@¢ inperiwpl e of the designated color (step S5). The | ook-up
table showmn in Fig. 12 converts an 8-bit light quantity signal into an
8-bit densityFigs. 77 to 80 are block diagrams showing the
nineteenth to twenty-second 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 present invention will be
described with reference to the block diagram of
Fig. 10. 1In this embodiment, a color image recording
apparatus (Fig. 2) having four recording heads, 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



si gnal .

with reference to Fig. 13. Cyan,

A nmethod of formng this | ook-up table will be briefly described
magent a, yellow, and bl ack 25rSEPABEMBER 1999

patterns are recorded. By using a density neasuring unit for neasuring a
degree of density recognition close to a;hurman eye (this nmay be a

conventional density measuring ui32z 4n general, cyan, nagenta, and

yel low color filters), densities of gradation levels of the respective
col or conponents, i.e., cyan, magenta, yellow, and black are neasured. The

gradation patterns

are read by the test pattern reading system94 to
measure quantities of reflected light. Fig. 13 is a graph obtained by

pl otting tRe9GeFSIQARLing opgPeRatugbbevésq and idhe dubmEkt il bPadef| ect ed

l'ight along the ordinate (provided that the quantities of reflected

i ght

are A/ D c8Rfert @5falRRFR ArkoBRadp tabl e shown 25 SEPTEMBER 1999 - 34 in
Fig. 12 is obtajned b reverg&ng tge ordgnate and the abscissa of Fig. 13.
o¥bfarntas

This | ook-up taBi% it us®d2t

i ght

BBy SIS pFbPOBrti onal to the

quantity. The.lji,ght gquant,i.t o density conversion is performed by
the Iight S&ﬁ&ﬁ?ﬁctey 15 %’ghiig?)g88r‘r{}’éf‘§ron unit 93 by using this |ook-up

ble. Th j . i,b i.th.ref h [
L2l e, e SO RSN JNBLHC LRSS DR WL L e TE L 0pd DR O 2
Correctiopg

rec

sever a

value cal cul"ation un eps

I ng
designation key of a corrected-head designation unit 91

for designating a color of a head subjected to uneven
image density correction (step S1). 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
designafed 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 to
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 a test
pattern (step S3). A test pattern 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

is

to S8).
%?g!é%i&ﬁ' Sfil 2 ednblenURh§eOlieh@q @ didy A EIBSA ShahaeVery



el ements by a recording elenent drive signal correction _unit 96 are stored
in a correction value storage unit 96a (step S9). An input 25 SEPTEMRERE999S
corrected by these correction values, and the corrected i nage signal
conponents drive the recording elenents. By driving the recording elenents
as descri bed above, an uneven i_mge -density can be corrected with high
precision to obtain a good imge free fromthe uneven i mage density
regardl ess of a relationship between colors of heads for perform ng uneven
i mge density correction. The second enbodi mnent of the present invention
wi |l be described below In the first enbodi nent, a head subjected to
uneven i megeptdnsi tyiglor reeséhbntiystdesnghdledonies s igar ol endddi ment
el i m nates such a designation operation. 25 SEPTEMBER 1999 - 35 1In..the
second enmipdditents igmaelehsi aageedeadi Lptocdigddailofatst poy fohfed every
predet erm ned nunber of recording sheets (i.e., the nunper of recording
sheets AdDcOamearoion eouht 87; aifehng ddgitads St achunt ?UtPRSches a
predet ermi ned val ue, uneven i nage densité gcorrection is,au%gnatically

r

start ed) EoT&dte Pkt MEURBTLE¥ FECOPBSY Er EPIETTH 1 those in the
Bna bl ack SRR 1L ar BhF oL URREGTBRREL o8 1l Boreddrui Tl TRl T A tlet
Pt o R YRS IGRIN BhBEr B M e gRe, et

quantity into a signal proportional to the density by

using the look-up table 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 reference to Fig. 13.
Cyén, 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 conventional

density measuring unit; in general, cyan, magenta, and

yellow color filters), densities of gradation levels of

the respective color components, i.e., cyan, magenta,

vellow, and black are measured. The gradation patterns

are read by the test pattern reading system 94 to

measure quantities of reflected light. Fig. 13 is a

graph obtained by plotting the densities along the

abscissa and the quantities of reflected light along

the ordinate (provided that the quantities of reflected

light are A/D-converted values). A look-up table shown



an indication unit 92 for change of conversion paraneter outputs a
conversion table change signal to a |ight quantity to densi25SERTEMBER 0999
unit 93. The Ilight quantity to density conversion unit 93 perfornms |ight
guantity to density conversion by using the |ook-up tables of the
respective color conponents. The ;game effect as in the first enbodi ment
can be obtained by the above sequence w thout designating a head

subj ected to uneven inmage density correction. It is apparent that the
second enbodi nent can be applied to a recordi ng apparatus except for an
ink-jet recording apparatus. Wen the correction values are to be

cal cul atied Hirpm 1 gagdssbpralinelr op e dmesingpatiier ordieadiengneans,
conversion paranmeters of light quantity to density conversion are changed
i n accordancosni 25aSEPTEVBER1BA99 Thi36 lamk +sp ofabbkols. usesevd , any
other arithmetic nethod nay be changed in accordance with colors. As
descri bedbwabiovea deneidiyngigoatlthipsomesudignnt  tostheeliighit quantity to
density conversion can be accurately performed regardl ess of differences
in recardngleylors of a plurality of recording heads, correction of an
uneven i mage density can be accurate per for ned b% a recordi ng head of

any col or, theRr@bYy138Et fHANtAGYa tGoSFNSege FIRECFPORTt A€ uneven i mage

O o o Lo ToB S b DS BB il i, dosor b

COnVerskgprPa§§nE§eL§ing 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 reco;ding
elements by a recording element drive signal corfection
unit 96 are stored in a correction value storage unit
96a (steﬁ S9). An input image signal 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 the present invention
will be described below.
In the first embodiment, a head subjected to

uneven image density correction is designated. The
second embodiment eliminates such a designation

operation.



of light quantity to density conversion are changed. However, in the third
enbodi nent, conversion reference values of A/ D conversion asSEPTEMBER 1999
the third enbodinent. Fig. 15 shows read anal og data read by the test
pattern reading systemafter a gradation pattern is recorded by each of
the cyan, magenta, yellow, and bl d8k-i nk-jet heads. Reflection optical
densities of gradation |levels of each gradation pattern are represented
by OD val ues neasured by a density neasuring unit having a degree of
density recognition <close to a hunan eye (i.e., this neasuring unit is a

tional depsit in - : ol |

Filters are usel e cRearea) “ud bue St ShntRRRER 2580 =57 2l gnal s val ues
e e 1 naL

bropor t1onsl a Trah ¥ Ty Bt e o e R e e A o ¢ st

pattern r%d&ﬁét@%é‘ég | 0b1 edeigé ongmbBe BEdiRalsrd iy aEepsi at e
e

recordi ng duty of a st pattern recorded for the uneven inmage density
correcti ons Tolened aby Ya 30O £ &Y kenT di Bguhe sifudies dpurdder prevent
inventors. An electrical analog signal value proportion to the quantity of
light refreatidtd romneatdteirsiedard tua, ohnavbYidatge iderabiony 0.5 V for

bl ack, about 2 V for cyan and nagenta, and about 4 V for vyellow
(represenceddgctiiont andavtemdtkeal hy Fgartsy). Wiest matteemdgtdata is to

be converted into digital data, e.g., when the analog data is converted
into be recorded are identical "to those in the previous

embodiment. However, as shown in Fig. 14, cyan,
magenta, yellow, and black patterns are recorded on a
single fecording 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 quantity 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 without 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
reading means, conversion parameters of light quantity

to density conversion are changed in accordance in



8-bit digital data on the basis of a predetermined reference val ue

regardl ess of differences in colors, the results shown in RSGEPTEMBER 1999
obtained in the previous enbodinent. A resolution for the density is high
when a gradient of a curve in Fig. 13 is increased because a difference
in output voltages with respect tgga density difference is increased. Wen

a gradient of a curve in Fig. 13 is small, a difference between out put
values is snmall even if a snmall density difference is present. In this
case, an uneven imge density caused by a small density difference cannot

be read, and uneven image density correction precision is not high. \Wen
the A/ D 2o iSEPTHEVBER 4999 - H38eveonvenyi arthreef exehcngtigemethglven as a
predeterm ned value, correction precision of yellow, mgenta, and cyan
conponentmayarke depprrged. iAsashondangerg.thEoafties of a reference |evel
storage unit 98 are changed in correspondence wt nation by a

correct ed- headtede gpRiPOR ARPYS912CE8T diNg Q?ufébff%%hggf§?8ﬁ'reference
val ues are changed in units of recording heads (i.e.,_in_units of colors).
Fig. 16 sHOV&® ati¥RpnIsenFiay £8 Pﬁaflﬁﬁgﬁ%fvﬁfétﬁﬁe?antﬁ% condi tion that
0" Cand SRSER Y R BR P ReAn CRRA RAGER & e e PR Te 0 ana 3. £ v, and
ne s appm R fSneefrs¥orink. SRR S TR B e NaTle e
ChanQEdiébfggééion of an uneven image density can be accurately

performed by a recording head of any color, thereby

outputting a good image free from the uneven image

density.

The third embodiment of the present invention will

be described below. In the first and second

embodiments described above, the conversion parameters

of lighﬁ guantity to density 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

pattern 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 density

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



of colors to increase the density resolutions of the respective colors and
actual ly inprove uneven image density correction precisionas8EPTEMBER 1999
nonochromatic ink-jet recording apparatus according to the fourth
enbodi ment of the present invention will be described bel ow An ink-jet
recordi ng apparatus for inproving gfrage texture is proposed as a binary
recording type ink-jet recording apparatus using two ink-jet heads, i.e
a light black ink head and a dark bl ack ink head. In such an ink-jet
recordi ng apparatus, when an uneven inmage density is to be corrected, an
optical density of a test pattern 25 SEPTEMBER 1999 - 39 recorded at a 50%
duty variesgdependiaigesn (iwere regspecticel lpcorbieng Meddes Axsl og out put
values read by the test pattern reading systemare different between the
li ght bl acklink Begd idricd Hy dar lenpbickienk pheRdrtienad F&r ightective to
change the anal og values serving as A/ D conversion reference values in
units of reétecsedg yesdshPdttate PrvFeasieaBoBYnBnttesSt practice, the
uneven inmage density correction was greatly inproved. The fifth enbodi nent
of the pre3thRerPANVEHd LG mate%ea%%s&#%%agb%fgm FA e QEH St ment

descri bed above, so-called shading, correction_for _correctin changes in

li ght quantity®df 3PREGH &GUr®e RRhaRYEE OF n?obfRdt Pt st eri stics of

Zn OpticaLeggQ %ﬁif%£“¥he[§¥£&g£m§haég 52§51£§tgo§g2%@ﬂgﬂ“”sdenSitieS of

generally 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 (represented by @, W and the like in Fig. 15).
When this analog data is to be converted into digital
data, é.g., when the analog data is converted into
g8-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 density is high when a
gradient of a curve in Fig. 13 is increased because a
difference in output voltages with respect to a density
difference is increased. When a gradient of a curve in
Fig. 13 is small, a difference between output values is
small even if a small density difference is present.

In this case, an uneven image density caused by a small
density difference cannot be read, and uneven image

density correction precision is not high. When the A/D



standard white plate and a standard black plate are read to performthis
shading correction. At the time of shading correction, in gefsSERTEMBER 1999
anal og out put val ue obtained by reading the density of the standard white
plate by the test pattern reading systemis given as "255", and an anal og
out put value obtained by reading Ege_density of the standard black plate
by the test pattern reading systemis given as "0", thereby perform ng A/ D
conversion. At this time, two voltage values are converted by an

electrical <circuit, showmn in Fig. 17, and the converted voltage 25
SEPTEMBER 1999 - 40 values are used as A/ D conversion reference val ues.

Ther ef or egohhersadh effecte e ivh Baghi enpodeneat adeseddssmabove i s
obt ai ned by changi ng an anal og value serving as an A/ D conversion
ref erencevabulli £® rafectienorghag hipatlsof Wehloke abges tars samgénent, the
sanme effect as in each enbodi nrent descri bed above can be obtained for a
system f ocypar tompiomngersisadireg dmyratedon for correcting noise such as a
change in light quantity of a light source. As described above, according
to this enbodi Aentshovan iamalioy. vid uevabuesngfas arEABES % b ref erence
is set variable in each recording head for recording a test pattern, and
opti mal varesagsr arder ¥orazg chanrged ekl FAFFEFRENACEGISHBY t he
correspondi ng recarding heads. Res Iutianéefor i nk densiti can_be

c

i ncr easeddesagaatdini%e HSFRTISCHRATRER §aenesighe Wduckty S°

that the A/D conversion reference values are changed in
units 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 uneven image
density correction precision.

A monochromatic ink-jet recording apparatus
according to the fourth embodiment of the present
invention will be described below. An ink-jet
recording apparatus for improving image texture is
proposed as a binary recording type ink-jet recording
apparatus using two ink-jet heads, i.e., 2a light black
ink head 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



t hereby i nprovi ng uneven i mage density correction precision. According to
the present invention, there is provided an i mage recordi NGsHIFENBER 1999
wherein recorded inmge variations caused by variations in recording
characteristics of recording elenents constituting an array are inproved
in the respective ink recording teads.~ 25 SEPTEMBER 1999 - 41 The sixth
enbodi nent of the present invention will be described in detail with
reference to the acconpanying drawings in the follow ng order. (1) General
Description (Fig. 18) (2) Mechanical Structure of Apparatus (Figs. 19A and

19B) (3) Readi (Ehgs 0 to_320 4) Contr ol stem (Figs. 33 to
35) (5) Ungggﬁggggyégfg%c{¢gnd%éﬁugﬂﬁéengaggkgénﬁbcﬁBéﬁx?l) Gener al
Descriptio i .8, d ty Lew i.ng i the sixth
enbodinent?egggcgy%f;ﬁ%ﬁ%fl%@ao¥ga¥ééorgﬁ%g%ﬁeg%gﬁﬁg%fnﬁfgéérFgéaed in
accordancepw the thesd a4 0L N4 f ' gt h recording
head 1001 igda Sbf%aJlg% fulf nﬁ???gfgpgygﬁggjggeaf§g§$%$%€€head in which a
plurality pétaekhi effe aeghel bDAER IAkaneaBYENEORHRS RN NG 4Ot BgKwi dt h of

a recording nedium 1002. A convey neans 1040 conveys the recording nedi um
1002 to a heedrding position of the recording head 1001.

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 invention will
be described below. In each embodiment described
above, so-called shading correction for correcting
changes 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 general, an
analog output value obtained by reading the density of
the standard white plate by the test pattern reading
system is given as "255", and an analog output value
obtained by reading the density of the standard 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



An uneven image density readi ng means 1014 causes the recording head 1001
to read a test pattern forned on the recordi ng nmedi um 1002.25 BEPTENBER1999
i mge density reading neans 1014 includes a light source for illumnating
the surface of the recording nedium a sensor for receiving |ight
reflected by the surface of 25 SERTEMBER 1999 - 42 the recording nmedi um
and an appropriate converter. An uneven inmage density correction nmeans
1020 corrects a recording head drive condition in accordance with the
uneven image density read fromthe test pattern. A platen 1017 regul ates
the recording mediumto be flat at the test pattern read position. A
control mednmes 108 Beedsaa pVOr abniverefiorataefierene®i FgLurff-er ent
densities. In this enbodinent, the plurality of test patterns having

di fferentThurietes the Fame eéfestars lébreraécfti%b%%f*a?“r-espective|y, and
these correction data are averaged to obtain final corrgcti on ldat a,

t hereby FEOSOFIRSE BBPYRal ScEPFEENEEN PHeFPNEIY A 4RASPE €€192) General
Description of Mechani cal, Structure of aratus.Fi%hi%gA %homs a general
struct ur TV 09 | AR- PBt A PeEBPYPRG P p FFH U et ot i Vg  F3 £hi s enbodi nent

of the preseq%.inv ntign. Recordi ng heads 1C, 1M 1Y, and 1BK correspond
to cyan,BHHYEMRT 58Fﬁom4 and bl ack inks, respectively. Each head is a

full-1ine headwb@ﬂiEgeogggbgeﬁr%%n%ement, the same effect as in

each embodiment described above can be obtained for a
system for performing shading correction for correcting
noise such as a change in light quantity of a light
source.

As described above, 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 density difference values are reduced,
thereby impréving 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 recording
characteristics of recording elements constituting an
array are improved in the respective ink recording

heads.



density of 400 dpi (dots per inch) in a range corresponding to the wdth
of the recording nedium convey direction, e.g., the |ength20SERTEMBER s99de
of an A3 size recording nedium A head holder 3 holds the recording heads
1C to 1BK and can be noved in the 4,25 SEPTEMBER 1999 - 43 direction
toward the recording position and the B direction away fromthe recording
position by nmeans of a head hol der novi ng nechani sm5. The head hol der
novi ng nechani sm5 includes a driving source such as a notor, a

transm ssion mechanismfor transmtting a driving force to the head hol der
3, and a gui de Tresrheixth csmigod dinggtt bE kead diedgent 3inthatcheadwidllder 3 is
noved in the appropriate A or B direction to the recording position at

whi ch t he beecmstimigoedtdinindebppdses thheedeirfances ©d the recordi ng heads 1C
to 1BK with a gap, a retracted position for allow ng reception of a cap
unit (to BeaEmanpietd |dravingsria posi ficdd owitieg ec¥@eh-head is capped. An
i nk supply/circulating systemunit 7 includes supply paths for supplying
col or inks %l tdRNe%dt rRPORYPREOPedERGi-ndBleads, circul ating paths for
perform ng ink refreshing, and an appropriate punp, At the tine of

i nj ection (rQE)com?}}a’fh%agu%ngtHFFvgﬁ F\é’padf BsEFHAE - rllgAsﬁ‘Bﬁll y path,

t her eby forcitﬂgg fischarging the ink fromeach recording head. A cap unit
9 opposes the r o) di ng heads 1C, 1M 1Y, and 1BK can be brought into

g?n;ﬁct yﬂgiBttgggdghg s§§9eH“k%18sK“%bUQE§:ﬁﬁ?ﬁ 9C, 9M 19Y, and 9BK nade
(4) Control System (Figs. 33 to 35)

(5) 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 means 1014 causes
the recording head 1001 to read a test pattern formed
on the recording medium 1002. The uneven 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



elastic material such as rubber, an absorbing nenber for absorbing an ink
(waste ink) fromthe recording heads at the tinme of injecti26 SEPFEMBER 1999
waste ink paths for receiving the waste inks to waste ink tanks 25
SEPTEMBER 1999 - 44 (not shown). The cap unit 9 is noved by a cap unit
nmovi ng nechani sm 11. The cap umt4®ovi ng nmechanism 11 includes a notor, a
transm ssion nmechanism and a guide nenber and noves the cap unit 9 in the
Cor D direction. Therefore, the cap unit 9 can be set to a position

i medi ately bel ow the head holder 3 located at the retracted position, and

a position wherein downward novenrent of the hegd hol%eré%is not
i nt er f er Be BECPRELPPNBCFL Yhj &G AN rARBVRPH L2 FRe SREIT UM 3 “I's noved

upward in the B, direction.to a position where ra cap unit 9
is not |RRRYEBr LH2IPhESREH T rif?%ﬁ?%s%?%%a ?9?8 ?%%7 é?%% space, and

the cap unil 9 is,sel, ala position gpere Lheocauhespondinanhead opposes

t he cap. state Fern “the oritice formtion portion of

e e a0 s MRS AP RUL PR srRLL gaRcipan dogrvar movern

e whérein the orifice formation portion of

the reco %pgnh%% %ég’ﬁl%cﬁg@céheV‘Eé@oi@fnﬁaﬂedéuﬂﬂfﬂb We t4Eati ke of the

ink sup circulating unit 7 is driven. The ink is forcibly discharged,
and at the $ARE+tlisTe JaHRGH Geadlepssitiant or & svelmsl dusdns bubbl es, and a

viscous Ink are renoved, thereby stabilizing the ink injection state
during regonditegmsT e glenerlditg dfafategrhe having different
densities.

In this embodiment, the plurality of test patterms
having different densities are read to obtain
correction data, respectively, and these 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 inks, respectively.
Each head is a full-line head having orifices at a
density of 400 dpi (dots per inch) in a range
corresponding to the width of the recording medium
cénvey 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 moved in the A



driven as in the recording node in the above state to inject an ink (i.e.,
prelimnary injection), thereby elimnating injection defeqs SEPAEMBER #4999
the end of 25 SEPTEMBER 1999 - 45 recording or upon its interruption, the
heads may be capped to prevent the orifices fromdrying. A cassette 38
stores recording nedia 2 such ass @P -filns. The recording nedia 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 1Cto 1BK in the

E directign._ Th [t 40 is | d d rof| 41. | d
o' | mpr oV S oROHEE bt ae B <ORE Eom PR 150l % EARGE L he' r ecor i ng

Tedi UM and ARG, SIRGY N SORVENANEE o0l ° SR NG PEdbUE BB al Lhe

sanme timeto aln  an optinma i ween the head and

the recor digh RS 40} AoPEARS nbahaRRLhosN el edd@iaLier attraction or

air suction, ne such as a press roller for the recordi ng nmedi um

may be p%\di(i?f;méf@ﬁaﬁﬁsar@i RY cTRAEYMa2 dirs Wlirge e geck byughsgBarge rollers
42 upon conpletion of recording. A tray-43 stacks discharged recording

nmedi a. Agdeaven | fRERsAEBSibY meediand suiforl 4 déndmret g Bet ween the
recordi ng position of the recording heads 1C to 1BK and the discharge

rollers 4Ziseiy f6roppesetha headr tiolgesury acmdfa theidecnaesdbey nmedi um 2
The wuneven imge density reading unit 14 reads a pattern fornmed on the
recor di ngaredjuit P2nduthegheadvéolideaged. The head 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

of 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 forcibly
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 with them. The
cap unit 9 includes caps 9C, 9M, 9Y, and 9BK 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



density correction. A nechanism 15 (to be described later wth reference
to Fig. 20) scans the reading unit 25 SEPTEMBER 1999 - 46 24 SERTEMBER {999
unit 16 drives the respective convey nenbers associated with the recording
medium 2, i.e., the feed rollers 39, the rollers 41, and the discharge
rollers 42. At the tinme of uneven &#frage density correction, a recording
medi um (a fixed size sheet in this enbodinent) stored in the cassette 38
is fed out onto the conveyor belt 40 as in the nornmal recording node upon
rotation of the pickup roller 39 in the F direction. Upon rotation of the

rollers 41, the  recording nediumz2 is conve oget her. wi_ t.h the conveyor
bel t 40 iH3heSEoHD ectl@% CRP Y} 1 rﬁf m%éﬁﬁ EXCSrEFﬁgWﬂékjls driven,

and a test pattern .r ecaqr,ded n the reco dln nedi Thereafter, the
recor di nd“??&d?%nﬁ“? b8n\?vﬁi“bﬁ‘lt hi s ei e%?pp‘é?f rA°] %ngecor éd |J§" cggveyed to

t he uneven %Qgge de%gg. reaqg%%%ﬁg lon %Shé g&degnhe%p§d§géern IS

read by a e SefSordr & n and e recording nedrumis

dlscharge;ge )qe ggg kOﬂ%éﬁ%ﬁér§n§"§hfgb9digegﬁe 8i pgepthe fixed size sheet

on which a est ernis I's used, an arrangenent for feeding a

st exsspdetg et oy bafsetelts car(ow st il peot
an i nk syséeMm £eAPLInKAd dthely 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 recovery, 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. In 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 head 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, and at the same time injection
defect factors such as dust, bubbles, and a 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



recordi ng head (the recording heads 1C, 1M 1Y, and 1BK 25 SEPTEMBER 1999 -
47 are collectively illustrated) 1, and an ink supply/cir Q8ISEPTEYBER 1%
unit 7. In the recording head, a common |iquid chanber la is connected to
an ink pipe connected to an ink source and comunicates with each ink
orifice Ib through a Iliquid paih.4§vrinjection energy generation el enent
such as an electricity-heat conversion elenent is arranged in each liquid
path, and an ink is injected froman orifice upon energization of the
corresponding injection energy generation elenment. An ink tank 701 serves
as an ink _source and_i o] ct, Mo, |, gyl hanar la in the
recordi ngr ceoa%fllm?hcggugﬁoﬁnE%%atlﬁg%%}g;ﬁd&%S. A%ﬁﬁ%g g‘o I s arranged
m dway a'%}ﬁaé%%é%r@%htf%e 31 8 cotdl Mo 10y sn gt ranged ni dway al ong
the ink pat’ht 705. en the ink systemis arranged as described above, when
an operating siatgs8btie 3purtors aftbdhein@pred C4o3edushats @HR he val ve
710 are appropriately switched to set the ink systemin each of the
fol | owi ngej rpsles. TRE Peicaird¥pde M iianke necessar yn f oher easseititg 138 suppl i ed
from the ink tank 701 to the head 1. Since this enbodinment exenplifies an
on- demanch tdks ¢ paratidt @nd ded ~hd oynaine poesaupiekdpdacilign édor di ng, and
the punp 56 is not driven. The valve 701 is open. 25 SEPTEMBER 1999
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 4l. 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 of recoxrding. 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 as to oppose
a recording surface of the recording medium 2. The
uneven image density reading unit 14 reads a pattern
formed on the recording medium 2 during uneven image
density correction. A mechanism 15 (to be described

later with reference to Fig. 20) scans the reading unit



- 48 In this node, the ink is supplied to the head 1 through the ink path
705 upon injection of the ink from the head 1. 2Q C rcul at i2srSERTEMBER 3999
node 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 or supply path
I's renmoved and at the sane tinme thegink is refreshed. This node is set
after the ink-jet printer is left unused for a long period of tine. in
this node, since the valve 710 is open and the punp 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. 3Q Pressure Mdde Wen an ink

i nside theadorifA csiwing henheatlé ldhagsesanhiencrsgsed Wscosnvgyor cl oggi ng
occurs in the orifices or the liquid paths, the ink is pressurized to
forcibly memdetrs essakidtem vhehothei sesokld ingherebium remoyi g .the ink. In
this node, the valve 710 is open and the punp 707 is operated. The ink is
suppl i ed tdet Heakcorblegs Beadthef romlers ithk Bdwk A 4hFebargehe ink
pat h 703. ﬁéﬁ%ﬁ;sadlng System Fig. 20 shows the reading unit and its
scanni ng T sh? according to this embodi nent. 25 SEPTEMBER 1999 - 49 A

flat recording nedlun1gu|de

on serving ,as
At the ¢ 9

ime o?oungven image dengity correction, a
recording medium (a fixed size sheet in this
embodiment) stored in the cassette 38 is 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 pattern is recorded is conveyed to the uneven
image density reading unit 14. The recoxded 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 size sheet on
which a test pattern is formed is used, an arrangement
for feeding a sheet except for paper feed using the
cassette 38 (so-called manual paper feed) in favor of
better operability may be employed.

Fig. 19B illustrates an ink system comprising the

recording head (the recording heads 1C, 1M, 1Y, and 1BK



pl aten (a portion denoted by reference nuneral 17 in Fig. 19A) is disposed
bel ow a scanni ng portion of the reading head 60, the recor RSISERREMBER 29995
conveyed onto this guide portion, and an i mage forned on the recording
mediumis read by the reading head 60 at this position. The read position
of the reading head 60 in Fig. 204%ecves as the honme position of the
reading head 60. This hone position is preferably a position laterally
spaced apart fromthe recordi ng nedium convey range because readi ng
menbers can get rid of attachnment of water droplets caused by ink
evaporation. Referring to Fig. 20, the read head 60 is slid along a pair
of gui de &I §Cé1egid vBLly tid Iusttratred § nageandhenr éalli ng head 60 incl udes
an original illumnation light source 62, and a |lens 63 for focusing an
ori gi nal FHBBLYH’ & PHATGNRANSEen dBhviersi on el enent group such as a CCD

A flexible cable 64 supplies a power to the light squrce 62 and the
phot oel ectric EBn&gﬁﬂﬁﬁgaQQ%ﬁﬁnﬁ?%ﬂwj%r%ﬁﬂﬁﬁ?sglgﬁhaecgﬁ 2% & om t he

photoelectricogonv %%iQQ% el enents. The readiqg head 60 k§ fixed to a
driving foPcE{FErSH &8 G iRPHE PMFC R o i B +R¥a SPAEFS scanni ng
(G and H directi @$% irecti. perpendi.cular_..to e, recording nmedi um
convey di%gétgéﬁ% %5% v rhf%ﬁ%ﬁa%qﬁuﬁﬁﬁgﬁ?%ni oFbFSHg 5% n the main
scanni ng Z§q§E8T§'X%'¥B 1399 j{n35e0ct~dar{ ol eAQPQEQOFeEE%Qan | eys 66 and
66' and is “noved upon rotation of ' el nse nnirng pul se notor 67.
such as an electricity-heat conversion element is
arranged in each liquid path, and an ink is injected
from an orifice upon energization of the corresponding
injection energy generation element.
An ink tank 701 serves as an ink source and is
connected to the common liquid chamber la in the
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 recording is supplied from
the ink tank 701 to the head 1. Since this embodiment
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.



Upon rotation of the pulse notor 67 in the | direction, the reading head
60 is noved in the Gdirection and reads line information @5 SPEPTEVEBER 1999
perpendicular to the mnmain scanning Gdirection in units of bits
corresponding to the photoel ectric conversion el enent group. when inmage
reading is perfornmed by a predetérﬁ?néd wi dt h, the main scanni ng pul se
notor 67 is rotated in the reverse direction, and the reading head 60 is
noved in the Hdirectionto the initial or hone position. Support nenbers
68 and 68" are fixed to both ends of the pair of rails 61 and 61'. Wen

one NMain scannifg +e4G Gdfe [ e PO FOL NBELp1 QEqUREV NG TRARY densi ty
readi ng, the reading operations are conple?ed as descri bed above. However,

uneven i mBgeodgRSithieeS i Fat WS idyoRf if9boESoAr @ £t *hdeideagoh When
readi ng of one color is repeated a plurality of tines and an average val ue

is to be cpbtakaad,l.after main scanning G of a given color or one main
scanning cycle is conpleted, the recording nedium 2 is conveyed by the
conveyor &l tCcikfcwlathendMsdearge rollers 42 in the E direction by a
predeterm ned distance (Fig. 19A) (one pitch between adjacent col or

patterns or thehganmddiestis el wised Nenr ead iBBge reudldted e®ne nain
scanning G cycle). The recording nedium 2 25 SEPTEMBER 1999 - 51 is then

st opped. &Oppliys ast dird tRidaCaRdIgiG Laitiepeased ofThilse mai n scanning G
operation, the main scanning reverse H operation, novenment of the
recordi ngapparatus or when a bubble in the head or supply path

is removed 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 occuxrs in the
orifices or the liquid paths, the ink is pressurized to
forcibly inject the ink from the orifices 1lb, 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.



medi um (sub-scanning) are repeated to read the uneven inmage densi

different colors or one color a plurality of tines.

ti es of

operation, the reading unit may be sub-scanned instead of conveyance of
the recording nmedium 2. Wen a senggr_is a full-line sensor, a mechani sm
associated with main scanning can be elimnated. An inmage signal

obtained is supplied to an inmage formng unit and is used for cor

drive
pr esent

conditions of the recording heads (to be described later).
invention, elimnation of the uneven inmage density during

t hus

recting
In the
i mge

I n the2&8SBPFEMBER 1999

formation indi 8afést aedogalsingomedifunt hpafdé | pakngoef fecvingl mmge densiti es

by liquid droplets froma plurality of orifices of the

be unif orP®AL®Y { Re POSItieSRdiated e oralf egeheadniinest . LPmige densiti es
inunits.of recording heads can be uniforned. A desired color can
obt ai ned ByImi kPR aSpHisadsed deliak acierrning porgésnred d8gsity can be
obt ai ned by nixing?a plurality of ink colors. A plurality of these effects

are prefefaBtyds

means for autoggtically reading a standard, print _for 25 SEPTEMBER

obt ai ni nd®3Ro

correctio ttion. ,This .neans i,nclude,a fine_adjustpent .unit or a
a Jﬁ@?ﬁ%%%g medium s1ﬁ§?4§?@1%ﬁﬁn?eadlng NEad k> *hiY

manual

&&t FEFCo RATH IR raf b ndta sl formadt @Rntheng a

unrt "opera
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 as a wire in a main
scanning (G and H directions) direction perpendicularx
to the recording medium convey direction. The driving

force transmission portion 65 in the main scanning

be

esf 68d. tAF FRSRNitHe: nmedfwRt 2 oS nBaR¥ey¥8dpreferably a

1999 -

recordi ng head can

52



rrection conditions include optimal print conditions, a condition for
ggjusting a value to fall wthin a predeterm ned range inchy&gPpGERBER 1999
al  owabl e range, and a condition for a reference density changed in ]
response to a desired condition. In fine, all conditions associated wt
correction are included in the abGWe <orrection conditions. Uneven image
density correction of a multi-head having a recording elenent count N tpl
converge print outputs fromall elenents into average density values w
be described bel ow. Assume that a density distribution is obtained by

h a given
driving a I n |l th enents (1. to N) in accordance wt
uni for% i ﬁgégegl%)‘r?aqsg Log ﬁb%"’?‘?l“ Figall?xs P4r eingl 6fengind essODL to ODN

A8 ¢ f d an average
correspongiiggt nl elenents ar e sured, an
denS|t5 agbt%g gg?iectloﬁ{ tafg%tg b%ti?ﬁ@ﬂlﬁg PH%ﬁ@w$°?§5-5E[L,/ N n-1

Thi s aver ggendedgiatty opeF mﬂeiﬁhfgg g@grbg7 géaﬁgera i ng. t he

densities of the all the recor enents ?Ftles of

refl ect edtheghtad’ ngEREEMBER %%99mmn§§ ife¥h eG'QE%g %%%E%Q%hthe i ntegra

t hod
val ues are averaged to obtain an average value, own e
my be useddsOlmbéauhf@m\t@r&g%f’%#%méél %%ﬁggha%ﬁﬁ'a% bcet en 1 mage

signal values and an output density of a enent ~ofr T el ement
main scanning G direction in units of bits
corresponding to the photoelectric conversion 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 mowved
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
obtained, after main scanning G of a given color or one
main scanning cycle is completed, the recording medium
2 is conveyed by the conveyor belt 40 or the discharge
rollers 42 in the E direction by a predetermined
distance (Fig. 19A) (one pitch between adjacent color

patterns or the same distance d as the read image width

in one main scanning G cycle). The recording medium 2



group is given as shown in Fig. 22, a signal actually -supplied to this

el ement or this elenent group is obtained by correcting thesSE§TEMBER 1999
obtain a correction coefficient a for obtaining the target density U A
correction signal aS obtained by correcting the signal Sto a x S =
(OOYOD,) x Sis supplied to the-ePénent n or the el ement group. Mre
specifically, table conversion shown in Fig. 23 is perforned for the input
imge signal in practice. Referring to Fig. 23, a straight line Ais a
line having a gradient of 1.0. This table is a table for perform ng no

conversi opsofnap kRp beahgnq#%qﬂgﬁ%qﬁkﬁ§%£¥g§g$g%%%hgggbhg gn ut signal. A

straight line Bis straig av CDn. This
table is for vert N i . i .out put si gnal
2obableal o ThoR %;hmgsémug;ﬁ;& SBIPALiSh | gggﬁa.l

aS. The table representing the strail i used for the

i mage si gf@knn EAET eeReRdie ), RGN epRat 130 e
conver si on hg?/i ng a correctg{i todr?%:%gﬁ‘ Q%r{;’i ent arﬂér?g 8Jf-)egﬁgr ﬁeeggq:ijﬁg‘lraeafter,

when the headuns (dubiearilitg ens bidthdled N POLLLOBRECGARGRN by Lhe N

recording elenents are equal to OD. S processing Is performed 25

SEPTEMBERLA2898 dehdithies dlfl dilferdrae@d Hdlha e Set 8086 §Ct the uneven
i mge densities, thereby obtaining a uniforminmage. That is, when data

repr esentphgral toyr espoidesce Irettheerrbmyl wietablenconuer si on coeffici ent
and an inmage signal of each recording elenment is obtained, unevenness
correcti oFe2@hNBeupéif BRYede 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 eliminated.

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. Image densities
by liquid droplets from a plurality of orifices of the
recording head can be uniformed by the corresponding
recording head itself. 1Image densities in units of
recording heads can be uniformed. A desired color can
be obtained by mixing a plurality of ink colors, or 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



The above correction for density conparison may be performed for each
nozzle group (3 to 5 nozzles) to performcorrection in accosSERTEMBER1999
approxi mati on of unevenness correction. Al though the uneven inmage density
can be corrected by the above nmethod, unevenness in inmage density nmay
occur due to a change in uneven 4 Meyge-density state prior to correction or
a time change in correction circuit. In order to cope with this situation
an input signal correction quantity nust be changed since this is caused
by the foll owi ng drawbacks. Wen an ink-jet recording head is used for a
|l ong period of  tine, a grechitate froman ink is attachig to a portion

near an GH¥aiENGr 2 aRCEXLELARN FORELgH s Mt FHEePTL 4FRacKed theret o

t hereby changing the _density.distribut.iaon. This. ¢ expected by a
density &@%&ﬁ%%ﬂ 8h88§€e§§ﬂr§é’dc ?%etdtoé}'_ eglrgggg?ligg_ g%&f apc_hange iyn
proper i 65, IIGle0L 10,3 WNGLERIOqd J Mt I SufAse) LBSubBRLhal | nput
correction quantities sef during the manufacture cannot~ sufficiently

perform .\, i epsi Ly @i ection. 25 SEPTEMBER 1999 - 55 An uneven
i mge de%ﬁiéﬂbéggggﬁgapﬁy iHcreased during long-termuse, so that this

pr obl em must e, spLuedonAbhRueh dhsdistidaks R veRAL L pRsReadi ng uni t and
the recordi ng nedium on which the test pattern is recorded varies

dependi N SHu {€86hBY Br eehii®ion tfdrS adafErapl £ +2106t abnfalpr edet er m ned
distance. In order to hold the distance to a predeterm ned val ue, an
within a predetermined range including an allowable
range, and a condition for a reference density changed
in response to a desired condition. 1In 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 count N to converge print
outputs'from all elements into average density values
will be described below.

Assume that 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:

o6 = & oD /N
n=1

This average density need not be obtained by
simply averaging the densities of the all the recording

elements. For example, quantities of reflected light



arrangenment shown in Figs. 24 to 26 can be enployed. Fig. 24 illustrates an
arrangenment for the above purpose. Press rollers 78a and 7ZSERTEMBERAO?h
the recording nedium 2 are nounted on a housing 76 for storing the
reading unit 14 and the scanni ng nechanism 15 therein. Since these rollers
78a and 78b are rotated in the-regordi ng nedi um convey direction, no
problemis posed in conveyance of the recording nedium This arrangenent
prevents floating of the recording nedium 2, and the housing 76 is

di spl aced in accordance wth the recording nedium 2, so that the distance
between the reading unit 14 and the recording nedium can be kept constant.
The arrangembet dntquzpted ang| tRsinteeral 7vadges A9 iHHTRG®Yi ght
emtted froma |light source 62, a sensor 73 hav'ng a phqgoqéeﬁgric
transducéP OPSRdft 2y rdUPrage | usues ?BraFBEUEFnb“i mSHPRTRY by the
recording medium and a filter 77 haviﬁgéan opening having an aperture

di amet er PGo USBF thR QREHHT N FETHAAT sKPSHBwn in Fig. 23, the lenses, the
o scanned | HE heF AN P B FERe T VRS R SR amr e ot ey (ohy
et dent “6h TP Serdehsr 5 jE oo Thn FLEReBY kel SV (ERERET N the
P AES ST D RO B e rore

supplied to this element or this element group is

obtained by correcting the signal S to obtain a

correction coefficient o for obtaining the target

density OD. A correction signal ««S obtained by

correcting the signal S to @« x § = (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 a = OD/0D,.

This table is a table for converting the input signal S

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, and 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



averagi ng the uneven image densities within this range is detected.
According to experinents of the present inventors, a good R&SEPTEMBER 1999
obt ai ned when the aperture diameter was about 0.2 to 1 nm Wen unevenness
correction is performed on the basis of the detection result, a uniform

i mage can be obtained. Wien the-r&4&ding unit including a lens, a sensor,
and a light source is vertically displaceable in Fig. 20 wth respect to

t he scanni ng nmechanism 15, rollers serving as press nenbers nay be nounted
on the reading unit itself. In this case, when each roller has a caster

it cand L di di th di
o 4 canEe” S S okt CE0bHALP B Ry B IR B, Lo
et CootaPi MBI "BV EMp! "B BEERLHAD AT IR TR0 (2t

for keepipga di stange hetyeesoLbeoreadang Wgil Abddimeecording 25

SEPTEMBE um const ant. this strdcture, a press nenber 80

made of BJhARTPY eftvdh agihfe NBLATEAL1bS LR Aledth@andaidom of a
housing 76. In this structure, the housing 76 which stores the reading

uni t and ;iR S GAHAD JECEAEh SPeLEr&paged 1apanic ifs @bidiengd aten 17 by
about 10 mm™ When the recording nedium2 on which a test pattern is

r ecor ded yeRIRSIRA OV hee ¢ €86h Ngatnbe, pelEockaesi.ng i s noved downward to
cause the transparent plastic pressure nenber 80 to

The above correction for density comparison may be
performed for each nozzle groué {3 to 5 nozzles) to
perform correction in accordance with approximation of
unevenness correction.

Although the uneven image density can be corrected
by the above method, unevenness in image density may
occur due to a change in uneven image density state
prior to correction or a time change in correction
circuit. In order to cope with this situation, an
input signal correction guantity 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 expected 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.



hol d the recording nmedium 2. The reading head 60 scans the recording
medium 2 to detect an uneven inmage density. In this case, 256 SERTPVHER H9De
that an image is conpletely fixed. Wth this structure, paper floating can
be prevented, and accurate reading can be perforned. Contam nation of a

| i ght source 62 and a sensor 73 cap -be prevented by the transparent

pl astic press nenber 80 which covers the | ower portion of the housing.

Fig. 26 shows still another arrangenent for keeping a distance between the
reading unit and the recording nmediumconstant. Referring to Fig. 26, a
housing 76 is vertically fixed but a cylindrical roller 81 made of a
transpar edt PINsEP clhager fgnsisypilvogardugddyt bnehaased2duriadr ecor di ng
medium 2 | s pressed bg t he transEarent cylindrical roller 81. An uneven

i mage derf¥I97EEER BeCredd FPem Ché Si RGOl e wettPansSpaVEft cylindrica
[ 81 whi l floati i 5 SEPTEMBER 1999 - 58 . t ed.
his struct ur it BRSUARYBAaT FGE Be RECHR e fo deber S chpdr By Satict ed. 1 1
dditi to th b ; t . t in_body h d
edi um ol S T RESHES BRAFRE GRsPReah T Qe iPRARTENE, and the
recording.. £ﬁ¥§1¥§r£8§ddgﬁéﬁﬁiﬁ tﬁ%.%@%&ﬁﬁ?”?ﬁ@ c%ﬁ!@ﬁtr?@”EsC|a"p'”g
means, thereBy pertform ng RFgh-precisi on - resding. —Wien éol or T mage

Eﬁ;orng%ﬂ@%&thEep€5f86€EQn Hsk&gd%@é¥%fH£&”§is£a§ce.CY§H(W3’ magent a

order to hold the distance to a predetermined 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 lens 74 for
collimating light emitted from a light source 62, a
sensor 73 having a photoelectric transducer element
group, a 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 sensor, the



yellow (Y), or four colors, i.e., the above colors and black (Bk), in
order to rewite unevenness correction data, correction te3SPPTEMBER 1908t
be recorded by the correspondi ng heads, uneven inage densities nust be
read, and unevenness correction data for these heads nust be rewitten. In
unevenness reading of the C, M and Y- conponents, and particularly the Y
conponent, when white color light is radiated on a Y test pattern, and
light reflected by this test pattern is received wthout being through a
filter, a quantity of light received by the sensor 73 has a narrow dynam c
range as ,|ndicated by a curve Ain Fig. 27A. In this case, it is

di fficul tL1INECRONEFEY y thEad Ldid@Fenddss then'1ddts caFe @6ARNEY dNfference is

as small as apout '0,02.to 0..15). Wen light, passing through BL (bl ue
filter asggﬁdgnangnHFééFefqung d§€ﬁFlFﬁég GRyP flPiﬁhg'rgééivgd by)25

SEPTEVMBER %gggn' gg thg.senggr can be reduced, but the dynam c range is
i ncreased” PSRN %aPSH 69ga drve Bin Fig. 27A. In this case, unevenness

S50, Lo 0 SRS, T A 18 o0

conmponents whe I I'ters dre’ use g. 28 shows an

ar r angenepiic { n £ WbhCBha0 Ll 190Aidi At Aol 9rakll LRE Switchi ng

portion 79 can be pivote out a shaft "/9A to properly and selectively

locate ancR ¢étt ey H{Ring @nbl :atp%&tﬁllfé dBlamdtdt &d,.7 7B HPr a BK opening

(no filter) 77BK on an optical 'path to the sensor 73 during reading of the
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 good 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. In 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 while 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



test pattern of each color. The opening or each filter has a dianeter as
in do descri bed above. Unevenness correction of each col or QASHPTEMBER 1999
accurately performed by using the single unevenness reading sensor 73 and
the Iight source 62. The positions of the filter are not limted to
specific positions on the optical ggath L extending from the light source
62 to the sensor 73. In order to <correct the quantity of received |ight
whose nmagnitude is reduced by filtering through the filters, a quantity

of light emtted fromthe |anp source can be increased to conpensate for
its decrease, thereby w dening the dynam c range, as shown in Fig. 27C. In
a manner megliban clssrabed | atethiansappeaudest & qonss annembgrb80 nul tiplied
or a signal nay be anplified in accordance wth a given color (to be
descri bedddst 19 .2 26r SEPFENBER P99 ticoMmatariaddits oformegdhatsdbeces may be
swi tched instead of switching the color filters described above. Fig. 29
shows an RatER®y et ¢%¥Ssﬂﬂtgﬁing between |ight sources. Four |ight

sources 62R, 62G 62BL and 62Whaving R, G BL, and white' spectral
characteristicd! ERESsHFFEREYTSs Fﬁetgé%ﬂﬁﬂ&aE§r¥ﬂ¢ﬁ%®ﬁ??r?ﬁeF§ﬁy

or event | TRPAA g [V bf ST ERPeRGRARAG InIRIATS Shek A RP PAIGRRBAE f or
it ea! ko 19, SAIEAL g7 998, BBREOTange Wbl £OLRESRRD:HEng M eoral 1y

medium 2 on which a test pattern is recorded comes

below the reading unit, the housing is moved downward

to cause the transparent plastic pressure member 80 to.

hold the recording medium 2. The reading head 60 scans

the recording medium 2 to detect an uneven image

density. In this case, it is preferable that an image

is completely fixed.

Wiﬁh 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 poftion of the housing.

Fig. 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 cylindrical roller
81 made of a transparent plastic material is pivotal
about a shaft 82. The recording medium 2 is pressed by
the transparent cylindrical roller 81. An uneven image
density can be read from the inside of the transparent

cylindrical roller 81 while paper floating is



mechani sm for preventing floating of the recording nedium2 and the
arrangenent for increasing the dynam c range in accordance 28iSERTEMBER 1999
transparent press roller 85 has four portions equally divided in its
circunferential direction. These four portions consist of a transparent
portion 85A, ared filter portion 88R~- a green filter portion 85G and a
blue filter portion 85BL. A test pattern 84BK on the recording nedium?2 is
formed by the black head 1BK, a test pattern 84Cis forned by the cyan
head 1C, a test pattern 84Mis forned by the nagenta head 1M and a test
pattern 84Y is faornmed by the yell ow head 1Y. The reading unit. 14 which can
be insertBESYRBIGE * t & t5Hrs ?%HﬁtYfﬁre?“83“?§e§u666ﬁﬁﬂ#%ﬂf%f%upport rod
25 SEPTEMBER 1999 - 61 5'., The support rod 15" can be noved in

di rection8?® PRIPEAER 1R Mot e eaded arrow. When unevenness of the

test pattern 84BK.is,.to be .  read b h lack head,1BK_ the roller 85 is
rotated. The 3Hi9 AJ?ég}ﬁgﬁﬁﬁg% %&éY% % ggp 8§§8F%g fediumis held by

the Porti 9hoBBan.S WA ooy NElk LECLaLngPALELR BAEnplddGdian hoad 1C

isto ber the recor iumi1s hefd at oSl correspondi ng

to the poghi @RS s Mtk (1A t@&h@@ié&ans%%goa%dm@ A fmgent a head

IMis to be read, 'the recording nediumis held at a position correspondi ng

to the ppediah 82CraMenbddipedesthdabpste8MYahar detmatiddn yel | ow head
1Y is to be read, the recording nediumis held at a position corresponding
to the poetampi®aBmeans, 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 hegds
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 light
received by the sensor 73 has a narrow dynamic range as
indicated by a curve A in Fig. 27A. In this case, it
is difficult to accurately read unevenness (an optical
density difference is as small as about 0.02 to 0.15).
When light passing through a BL (blue) filter as shown

in Fig. 27B is used, the quantity of light received by



In this arrangenent, the uneven inmage densities of the color heads can be
read through the filters with high precision, and at the sasSEPTEMBEREI99
floating can be prevented. Therefore, accurate reading can be perforned.
Scanni ng of the reading head having the arrangenment shown in Fig. 20 wl|
be described below. As described s$pove, the recording nmediumon which a
test pattern is recorded is conveyed to the reading wunit 14 |located to
face the recording surface of the recording nediumon the downstream side
of the recording head with respect to the convey direction. Thereafter,
the pulse notor 67 is driven, and the 25 SEPTEMBER 1999 - 62 reading unit
14, i.e.,tiheSPREAFNG2ReRE sodhicedd tytt e diynamyc BREGSt Agnsmi ssi on
portion 65 such as a wire qQr timng belt connected to the pulse notor 67
i's scamuﬁfcfﬁa?ﬁi’nﬁ?nl§8éﬁﬁﬁﬁ& S @ GYSR B thk¥eby 'Sausitly the

r eadi ng SENSor pattern recorded t he recording

h
medi um 2. 71N pﬁ%gegﬁﬁé ?%QEF%%M$§§QH§§[ﬁﬁ%ﬁ%?ﬁﬁQNc%50$§ to be driven by a
contr ol Cix{&g%ésé&? bﬁ'hggsga'nb%%plel u‘?:ro) tﬁc??f(;:om&ybitg&ﬁ?g?igh%% unit 14, the

pul se notor I driven at a ency erent” fronfa resonance

frequencypintRe £8aqdi Bgqupy ggggg\ﬁgy s Ahen,d pul se notor 67 is

driven to convey the’ reading unit ‘convey system Vi Fapions of the reading
unit convey sys{gm _Qrses%?%%e%%egr%n@%ﬁ@?’?@%r.fsfvﬁﬂf:'@l@ffhestix%s’ef(62’ fris,

, as shown in Fig.
color filters. 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 pattern 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. In 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 decrease, thereby widening 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).



When the reading unit 14 is conveyed at resonance frequencies which cause
| arge vibrations of the system the follow ng problemis pasSEPTEMBER 599
as shown in Fig. 32A, even if the recording density of the test pattern
recorded on the recording medium2 is uniform a convey speed Vm of the
reading unit 14 may be changed, @& shown in Fig. 32B. In this case, a read
output fromthe reading unit 14 has output characteristics having a pitch
error such as kw-shown in Fig. 32C. As a result, a recording density of
the test pattern recorded on the recording nedium 2 cannot be accurately
read. 25 SEPTEMBER 1999 - 63 1In this enbodinent, in order to elimnate
this drawbackn tHdirdadi,nd ight sbhrcesdmiaerbatsditrhgdeddftedd except for
t he resonance frequencies of the reading unit convey system The test
pattern ¢§ seatiching theedotlomifiddarsadasireebsd f#ReVEby accurately
reading the test pattern recording density free from,influences of

vi brations of Fife @@n@é@w@@tﬂerﬁrqmgemerfgng@ﬁanﬁwﬁf:c&bﬁﬂr FRTERGEm A
Gescr | bebl GbbECHFRR e devet BRI B RS 42 835 ERowt 28 &¥angenent of
Vari ous. EeHmBANLNG0 funG agipar S WY T PO CHEOM FERC A FRE LS i ¢ H i 5.
a computer, an;i MRl JLAe Y AN U A SOMEREN ene EBY 1 serves as a
obtaining the same effect as in the above arrangement.
A mechanism for preventing floating of the
recording medium 2 and an arrangement for increasing
the dynamic range in accordance 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 B85R,
a green filter portion 85G, and a blue filter portion -
85BL. A test pattern 84BK on the recording medium 2 is
formed by the black head 1BK, a test pattern 84C is
formed by the cyan head 1C, a test pattern 84M is
formed by the magenta head 1M, and a test pattern 84Y
is formed by the yellow head lY.
The reading unit 14 which can be inserted inside

the transparent roller 85 is supported by a support rod



main control unit of the apparatus of this enbodinent. The CPU 1 has a
formof a mcroconputer and controls the respective circui 25 SHRPBENBERS1999
accordance with processing sequences (to be described later). A ROM 102
stores prograns corresponding to the processing sequences and ot her

per manent data. A RAM 104 has tenpdlary storage areas of inmage data and
work areas used in various control operations. An indication input unit
106 includes an on-line switch for allowi ng the apparatus to comrunicate
with the host unit H and inputs a recording start command, a 25 SEPTEMBER
1999 - 64l§umnn¥ﬁ for recording a test pattern for uneven i nage density
correction,” and tnTor HBPPS F@arééenﬁ%ﬁ; mAyeed ofn rdEBLELA§NFRdi UM
Sensors 1 e e celabsence of the recording medium its
convey s?§¥gﬁ$fﬁ%§p% s%ngéﬁgggéﬁggggg &7 59k, and other operating states.

A di spl ay uni t in | SnbsEAnbas GeSRhaY AR 3Li0. ANdy BELUP SLat s of the

apparatus, and the presence/absence of an nornal event ge

processi ngeuf by léneepl 96AP nkAAEK)Mehe WANYOIGB ONeoPRELLNT, UR

(Under Col or Renpval), color balance contro i mage a associated with

recordi ng.The heatk drdves iAZedtivewhdaeh tinek ﬂéﬂcﬁfdix?% rﬁé‘&é% j generation
el enent of the recording head 1 (the heads 1Y, 1M 1C an Bk are

col | ecti véleld dpy esteat pdytidn BEANEr Simig aadiyystimsH thetedd8 adjusts a
tenperature of the recording head 1. Mre specifically, the
pattern 84C of the cyan head 1C is to be read, the
vrecording 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 corresponding 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



tenperature adjustnment unit 113 includes heating and

cooling fans arranged

in correspondence with the head 1. A driving unit 114 drives SEPFEMBER 1999
filter switching unit 79 described with reference to Fig. 28, and a
driving unit 116 drives the respective notors for driving the recording
medi um convey system Fig. 34 is “a % ock di agram showi ng a detail ed
arrangenent of the systemfor correcting the uneven imge density in th
arrangenent shown in Fig. 33. The inage processing unit 111 outputs cya
magent a, 25 SEPTEMBER 1999 - 65 vyellow, and black inmage signals 121C,

121M 121Yﬁaahdm;hﬁiBK.1Lmeye@ngsghgoggggghgrpgag!qg%ég%§%%&g§g%B122Y,

122BK are arranged for the cyan, nagenta, y

Snent S,

respect i valryiviTiee ﬁnmsentmssmi:@ﬂ@ﬁt% optiahl 3 L22G AL2M . 122Y, and 12

can be stored

n the area of the 102 and out put corrected Iimge

e
n

and

2BK

signal s 123@8inmAglu23naented 26BK:h8i palkai MBto leuits dddntq 131BK use
an error diffusion nethod, or the |ike and supply binary

a dither nethod,
signals &8
Fig. 34).

the @iy sraning oo GBKitacough, deheekbyl Raddihg shown in
he reading unit 14 reads color signals 126C, 126M ™ 126Y, and

T .
126BK t hr 5§h FeRE S s ThIee réadteheandstheampermgehwrdedn Fig.
28. These COlB% Si n%{s are input to an A/D converter 127. An output f
& eFQé?F

the A D c8Rv

area of the RA%%lQ

128Y, and

g RBHaRi?y stored in a RAMarea 119 which is

4.. The CPU 101 cal cul ates corrected data 128C, 128M
Nis 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

frequencies fw,, fw,, fw,;,..., as shown in Fig. 31.

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 the recording medium 2 is uniform,

a convey speed Vo of the reading unit 14 may be

changed, as shown in Fig. 32B. 1In this case, a read

output

from the reading unit 14 has output

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.

rom
an



128BK on the basis of the stored signals. Unevenness correction RAMS 129C
to 129BK are arranged for the cyan, magenta, yellow, and bhaSEPTEMBERIHY,
respectively, and are constituted by the areas of the RAM 104. Corrected
signals 130C to 130BK output from the unevenness correction RAMS 129C to
129BK are supplied to the unevenme¥s-correction tables 122C to 122BK. The
i mge signals 121C to 121BK are converted to correct unevenness of the
heads 1C to 1BK. 25 SEPTEMBER 1999 - 66 Fig. 35 shows an unevenness
correction table. In this arrangenent, 61 straight correction |ines having
a gradient Y =0.70Xto Y =1.30Xin units of 0.01 are available. The
correction strkpghifi gabodimengs| doy iorser e} HMBRRERISNEE with t he
unevenness correction signals 130C to 130BK. For exanple, when a pixel
signal r &FRARf ngtR8cERPARAGIUS S &t orF A eha¥Fng AZFPFHFEot di amet er
is input,_a correction straight line_having a smal dj .1.s sel ected.
However, & EFFEEN TSI stHai HRTOTPAEShATPHY SR rsggé gtgg%i Jégr#&f'}s‘asel ected
when an orifice havingga sna ot dianmeter is selectﬁdﬁﬁt er eby

correct i M the"?MEGE F&ﬁ’é{‘i'l. | FHE RfferRfss®brt2ct 3 129C to 129BK
Cor T act | M CHEVERRESEC0F <A SHERR LTI TR 7T AER P s Ve ERREa N 51 gnal s,
LD "0k 540 e BRI R ULy of 61 FLORS SRR T I
of vibrations of the convey system.
(4) Arrangement 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 arrangement. 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 circuit 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 RAM 104 has
temporary storage areas of image data and work areas
used in various control operations.
An indication input unit 106 includes an on-line

switch for allowing the apparatus to communicate with

the host unit H and inputs a recording start command, a



t he unevenness correction RAMs 129C to 129BK. The unevenness correction
RAMs 129C to 129BK output the unevenness correction signal 25 $EPTEMBERDIBK
in synchronismwth input inmage signals. The signals 123C to 123BK whose
unevenness is corrected by y lines selected by the unevenness correction
signals are input to gradation toffection tables 130C to 130BK,
respectively. The gradation characteristics of the 25 SEPTEMBER 1999 - 67

i nput signals are corrected, and the resultant signals are output. These
signals are binarized by the binarizing circuits 131C to 131BK. The binary

signal s dgﬂﬁéﬁﬁh§2969g5°}9F%%n£B§égy(nggkéfﬁdfgéi¥§é§F8fE%&ﬁb formng a

col or i mage. gquence o evennes r tTon g processing

with the ghavey akd APEeEERh | S nReni ¥ JTRE 4 9 RCE gégéxtgﬁ fgrqu nevenness

correction. By perform ng the unevenness correct proceéessi ng,” an

i nj ecti o RS rdENg AbHRUNE! eRRAs o O IEF RN PEstenen orifice for a high
density portion of the head is set to have a lower driving energy (e.g.,

driving guiegendéorereencancifnjtbe! irditAREIMYY mdaeNeh At {8 ebayay
corresponding to an orifice having a |ow density of the recording head is

set to hawmte highe dresengedabsgnceAsf aresitk, dme oorgen i nage density
of the recording head can be corrected, and a uniforminage can be
obt ai ned.cpéiratine shatea.i mMigdidedsiyt wnipatler nofusdd head i s changed
during use, the present
display operating and setup states of the apparatus,
and the presence/absence 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 a temperature
of the recording head 1. More specifically, the
temperature adjustment unit 113 includes heating and
cooling fans arranged in correspondence with 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 respective motors for
driving the recording medium convey system.
Fig. 34 is a block diagram showing a detailed
arrangement of the system for correcting the uneven

image density in the arrangement shown in Fig. 33. The

image processing unit 111 outputs cyan, magenta,



unevenness correction signal beconmes inappropriate, so that unevenness
occurs in the image. In this case, the «correction signal resEPTPMIBERIB®9
indication switch arranged in the indication input unit 106 is operated

to performunevenness correction data rewiting, thereby starting the

foll owi ng sequence. 25 SEPTEMBER 1999s- .68 Fig. 36 shows an unevenness
correction processing sequence of this enbodi nent. Wien this sequence is
started, an input representing a type of recording nediumis accepted in
step S1. A nessage of "Input the type of currently wused recording sheet.”
is displayed on the display unit 110 of, e.g., a liquid crystal panel. The
operat or dgsildgratexartdhelagie nhagelrs pgnd s usedcr,ea@id ng. 2] tamwdwWi th a
switch or the |ike arranged in the indication input unit 106 in accordance
with this mbds3e. Unsvanriers iorcrecpeofotabdesn 1226p IR 2Mhel22he type

of 1 nput recordin% sheet is not a suitable sheet such as an OHP sheet and
a sheet coafB8 ilR<BipHe ammanged wiPEhthe @BEnsumegsinea oryehkaen i mage
density detectiqQn, a nmessage of "Use a specified sheet"” is displayed on
the di spl ay2lfi PLEFK iGPRRUPPIEES » AECEPeFBEYELY - uh&R e NOSMATRES sheet i s

replaced with the .specified sh and_t he signated type of sheet is
i nBut , orwmﬁ(?ﬁr?ﬁéiltc{;‘peéad?llef%p]tfﬁ% eclog%ﬁ‘nglgrg&:'gﬁf‘ids 12@#&( & ffat edI one

Lrom i he beaLageno.f i Sl 06 LRRoHBH 202! Se°Gl R cd el it

image signals 123C, 123M, 123Y, and 123BK. Binarizing

circuits 131C to 131BK use a dither method, 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 temporarily 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 areas of the
RAM 104. Corrected signals 130C to 130BK output 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 1BK.



correction data rewiting node is set, the type of recording nmediumis
input. It is then determ ned whether the unevenness correct25 SEPAEMBER 1999
rewitten in accordance with the input data. Information representing the
type of recording nmediumoften 25 SEPTEMBER 1999 - 69 represents the
medi um al ready designated in the reggrding node. Since color tones of
recordi ng outputs often vary dependi ng on types of recording nedia, imge
processi ng factors such as nasking coefficients are changed in accordance
with the type of recording nmedium In a nodification of this enbodi nent,
the type of recording nmediumused in the normal recording node is input.
When the unevennEsg -corS etidwh aataneeanhesfg OGS tionctable.jsin
determ ned by the already input type of recording nedi um whet her
unevenness Eg%ﬁ PERANGARENG s br§BFAREN tF6P TGS Y¥hshinNes hRaY yPE Bf
recording mediumneed not be input this_tinme. In.this odi nent, the
recor di ng nﬁHFGHﬁHﬁsFlﬁa0tﬁﬁﬁgﬁ§t§d=ub03%§eﬁﬁe§ﬁﬁﬁ?cﬁg?ﬁéggmff%h. Still
anot her nodificatiqn of {his_ enbodjent need t . 0 depression of the
ot Fgnvalehdh s Mt e Re hearuar e gldy HaEE FEER OOl pose " an

unevenness %ggég%gﬁﬁgﬁTQQSEnigoaggoﬁaggg%gggéy1gﬁg&Jﬁg;gﬁmggsnediun12'. A

recordi ng rum-i I catrton nmar ormed in a leading end margin

of the recOrdLna YN Zond s EBOESER! 130BRANSIFIL I dkARFDE faRREnVAL N Lhe
type of recording nmedi um

pixel signal representing recording using an orifice
having a large dot diameter is input, 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 "0" to "60", are stored in
the unevenness correction RAMs 129C to 129BK. The
unevenness correction RAMs 129C to 129BK output the
unevenness correction signals 130C to 130BK in
synchronism with input image signals. The signals 123C
to 123BK whose unevenness is corrected by y lines
selected by the unevenness correction signals are input
to gradation correction tables 130C to 130BK,

respectively. The gradation characteristics of the



2'. The identification mark 25 is read by the uneven image density reading
unit 14 prior to reading prior to the unevenness correcti ops BEPTEMBERIL9925
SEPTEMBER 1999 - 70 When the currently used sheet is determned as a
specified or fixed sheet, the unevenness correction data is started to be
rewitten. Oherwise, a nessage is gisplayed to change the currently used
recording nediumto a designated sheet, and an unevenness correction data
rewiting operation is inhibited. Wth the above techni que, the type of
recording mnmediumneed not be input. In still another nodification of this
enbodi nent, the sane effect as in use of the identification mark can be
obt ai ned evenput afygnadentddd catdr@tyet K drsd nohe bHeedlthot tsiignals pose, a
sensor unit for detecting the type of recording nediumis arranged in

addi tion toar¢heutpexen iTege densials raeeli mgnami ted4byAshear r angenent of
this additional sensor unit is alnost the sane as that in Fig. 28. An

ul travi ol etbiaapizéngusddasits [lays fior T hiBK addTheohahagensdandit, and a
sensor has a sensitivity in an ultraviolet range. In this case, the type
of recordi ngrkedi e deafdisdG mnaid thraedhoriaad edfiVETthe WBRRAY y of
light reflected froma margin of the recording nedium In general, a

coat ed sheefCFBingnR [SAL3%dddfiSy often contains a fluor to make the

sheet col or iter. For _this reason, when the ultraviolet lanmp is used,
the type of Qecgfa&fi"r‘?é‘cr?ed?%mﬁ’r?%be%‘?s PITFRatRY from

The following processing with the above
arrangement is performed to accurately 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 energy
(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 unevenness occurs in the image. In this case, the
correction signal rewriting mode indication switch
arranged in the indication input unit 106 is operated
to perform unevenness correction data rewriting,

thereby starting the following sequence.



light reflected by the coated sheet. That is, when the quantity of I|ight
reflected by a sheet is large, it is 25 SEPTEMBER 1999 - 71 25@EPTEMBERI®E
as a sheet having a thick coating |ayer. Wen the quantity of |ight
reflected by a sheet is nedium it is discrimnated as a sheet having a
thin coating layer. \Wen the quarti®8 of |ight reflected by a sheet is

al nost zero, it is 'discrimnated as an OHP film Wen the quantity of
reflected light is large and the sheet is determ ned as a desi ghated sheet
sui tabl e for uneven inmage density detection, the uneven inmage density is

a0 and e NGyERness SRRLECALON, 08t [ EDn PR SGg 1e sore

nmessage descri betf above® I't” unéven fimge

r eadi ng ap%eﬁﬁ§¥?ﬁgg§?yggigegﬁbggiggkg_ rewiting. Therefore, since the

operat or inp e of recording nmedium the sanme effect as descri bed

above can be obtyaifed- Mt EhoubwEAERR R Lhardlentddi caphen mark. Referring
back to Fig. 36, when a recofding nedium is suitable for unevenness

correcti on JUHEASShOOagt Aetyhbowragduaneas nigd riddjurv/i s0apeepded tignper at ur e
adj ustment due to the tollowng reason. In an ink-jet recordi ng apparatus,
each recor dtep $ead Asmeasagai 0€d “Wnphitnthepredss eo fii nedreanylsr at ure
range (e.g., about 40C as a first tenperature adjustnent standard) to
general | y suppt esscondiagi sheeti.f isndé sgdrrgiad/ emdtper fasplayabind t
injection. Wien this sequence is started to record a test pattern,
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 S§5. 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
operation is performed.

In this embodiment, every time the unevenness
correction data rewriting mode is set, the type of
recording medium is input. It is then determined
whether the unevenness correction data is rewritten in

accordance with the input data. Information

representing the type of recording medium often



recording is perfornmed at 40C serving as the first 25 SEPTEMBER 1999 - 72
tenperature adjustnent standard of the recording head tenpessgPTEMBER 1999
indicated by a region a in Fig. 38. On the other hand, when continuous
image recording is to be perforned in practice, the head is heat ed, and
recording is perfornmed at a maxi-méth tenperature of 50C serving as a second
tenperature adjustnent reference, as indicated by a region b in Fig. 38.
According to experinental results, as shown in Fig. 39A it is known that
a magni tude of a density (OD value) is changed in accordance with a change
in tenperature of the recording head. In this case, as shown in Fig. 39B,
when uneF@ﬁﬁ@§§W&%rQﬁﬂ|Wﬁﬁ%&m4@€F9F§Ypéﬁﬁéﬁﬁé&edaHﬂn?ﬁﬁn1|nage can be

obtained at a head tenperature of 40C. However, unevenness till left
o A nEBEOR GG RIS hOT T EraH AT W EREE SBCT AP B RAFRRES of thi s

mbod dj 113 . d, f
Sroﬁel{ri”if&eeﬁe%aormo%eﬁﬁar% LR OFhaheESh: o EREOLAMBEATIL ot *FRE ecor i ng

head 1.'%r%%%s@q (ﬁé%%gfg&@hnggemg%kﬁn&e%@hQEQ%fgﬁggQ¥ de ther eby

mai nt ai niFng the'r ead tenperature’w Fedet er ni ned

tenperat Wy g%@lgq.n( aéloégrcf*aorge 9§tﬁh9)’x‘@ tkgeF'oQ r%%or@iﬁcfe contrary, in

uneven image “density correction processi a setup tenperature is

i ncreasegedi@d5C. Mre specifically, the tenperature adjustnent standard
in test pattern printing is set higher than the tenperature adjustnent
standard of the nRomMBdification of this embodiment, the type of

recording medium used in the normal 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 recording 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.



25 SEPTEMBER 1999 - 73 recording node. By appropriately turning on/off the
heater and the fan, the head tenperature is increased to ahsskp+BMBERIHOEN
uneven i mage density check test pattern is recorded, thereby performng
uneven image density correction is perfornmed on the basis of the recorded
test pattern. In this manner, recozﬁigg of a recording head can be stably
performed by tenperature adjustnent. That is, for exanple, a test pattern
is fornmed at the head tenperature of 45C, and the uneven image density
correction is performed on the basis of the test pattern, as shown in
Figs. 39A to 39C, thereby perform ng alnost uniformuneven image density

correction. |nyhBinS tyEQA Ry 1 68 dedaEhBERS 8N BeRbirtif@dlas the head
tenperature of 40C as the first tenperature adjustnent standard and 50C as

the maxi nipetefipedaiol & i{dd &shede Stosonbdet-efReEat Wog radjdisinent:
standard), uneven inmage densities of these two test patterns are

det ect ed, dand der seaidued mey de pesforted. byOahezvwdisage a walssagd t he
uneven i mage densities (i.e., first and second density data). In order to
shorten the tosplayesydar iclmyeyaletise tqurrentdyt bsedt nescadd.nighcr ease t he
head tenperature from e.g., 40C to 45C, an electrical pulse which does
not al | omefAkmi foedt ide® ignatrd appteted 2odr eBordeNgnalesPent s

(electricity-heat conversion elenents) in _addition to the tenperature
adj ust nenEOREREEL Ny G asErereEEng goReration is inhibited.

With the above technique, the type of 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 mark is not
used. For this purpose, a sensor unit for detecting
the type of recording medium is arranged in addition to
the unéven 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 recording often
contains a fluor to make the sheet color whiter. For
this reason, when the ultraviolet 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



- 74 shorten arise tine of the head tenperature, thereby shortening a
predeterm ned period of tinme until uneven inmage density consSEPTEMBER 1999
started. Alternatively, in order to record the followi ng uneven inmage
density correction test pattern,_pgfform correction, and decrease the head
tenperature (45C - 40C) to the nornmal recording state, the fan is driven
and the ink circulation as previously described is perfornmed to shorten a
period of tinme required until a recordable state is set. In addition, the
adj ustment tenperature in the test pattern recording node can be

appropri atigdgridbh&toingd ansheeacinahiiony W tdhildle deipengt Lageradj ust ment
range in the normal recording node, as a matter of course. Referring back
to Fig. 3Geranthaj@ecénontysbdbilliighithgedlercdddmy sa peiéermed in step S9 due
to the follow ng reason. Wen a recordi ng head does not have norma

i nj ecti omaghiatmact eti $6i désdrdmioated iascreadedtm havengi aythbinan i nk, and

m xi ng of dust and bubbles, and when uneven image density correction
processi mpasingriayaed i Wher $her suantddaud & imhie refhpratedr Pstics

(i.e., faithful unevepness) cannot, be recognized. In injection stabilizing

processi iy, SR reeof 4RFT REAGs 1€ o6 PBEC&?%“JS'&U?% 3HpBBeCtfe cap unit
9, the preseuregede s §8hnedly I Al dud P Y 28 SERTEMBER 1999 -

and the sheet is determined as a designated sheet

suitable for uneven image density detection, the uneven

image density is read and the unevenness 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 medium, the same effect as described

above can be obtained without forming the

identification mark.

Referring back to Fig. 36, when a recording medium
is suitable for unevenness correction processing, the
flow advances to step S7 to perform temperature
adjustment due to the following reason.

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

recording is performed at 40°C serving as the first



di scharged fromorifices. Oifice surfaces can be cleaned by bringing the
I nk absorbing nmenber arranged in the cap unit into contact 28iSEPTEMBER 1999
orifices or by air blowing or wiping the orifice surfaces. The recording
head can be driven in the same manner as in the normal recording node to
performprelimnary injection. Nojg t that driving energy at the tinme of
prelimnary injection is not necessarlly equal to that in the recording
node. That is, the sanme operation as in a so-called injection recovery
operation in the i nk-j et recording apparatus nmay be performed. in place of
t he above operations or after it, an injection stabilizing pattern may be

recordeduymgtrd&uiédaﬂgugeﬂéﬁﬂlsEtha&Q HoWh e @t diin§f hkRgse patterns.
A pattern (r) is an injection stabilizing pattern, a pattern (r) is a

test inagemaidaturd praseshiigatbe byr aseeegababsenae mignoBsi.nj estion (this
pattern is formed by sequentially driving orifices while a recording

medi um i shigeiqthdechand Fi ghed0Fpnanduauspdinagen fexjordimgt £st tpattern for
detecting an uneven image density. The injection stabilizing pattern is
obt ai ned bgy i fidrmeedl int pracktiteceshef hakld tilse hgasuast diamgdheads, i.e., a
100% duty. By recording this injection.stabilizing pattern, the head

t enper at FREIEing ab% | PREECTTRE Rtk asHpILpUY Seame R tBEre | Af 258 fady

state, conditions for nornal recording are given, and 25 SEPTEMBER 1999 -
76 the FEEYEAE/2DsenEeCBR |ﬁF@EFFBﬁ“€FrGP§“§FWﬂG?|§%ﬁerencer

as indicated by a region 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. 1In this case, as
shown in Fig. 39B, when unevenness correction at 40°C
is performed, a uniform image can be cbtained at a head
temperature of 40°C. However, unevenness is still left
in an image formed at a head temperature of S50°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 image density
correction processing, a setup temperature is increased
to 45°C. More specifically, the temperature adjustment
standard in test pattern printing is set higher than

the temperature adjustment standard of the normal



defects during actual printing and the uneven inmage density can be
accurately detected. In an apparatus having the full nulti-28SEPTENMBERENE
1 and a regist adjustnment such that a maxi num recording width-is a
slightly larger and an image recording wdth, the recording width of the
test pattern during recording is,preferably larger than the normal image
recordi ng width. Assune that a maxinmum sheet size is an A3 size, that a
maxi mum recordi ng sheet size is about 293 mm determ ned by consi dering
right and left margins with respect to 297 nmm i.e., the short side of the
A3 size or the long side of an A4 size, and that a maxi mumrecording w dth

of the kreeordiingy headels Q?%ﬁﬁ]:o%?@a@éil?i €Qraindy dnInger itheel ectrically
adj usted, and positional errors between he mechani cal heads and between

t he recondiamn@dmetid tlos ef &0l r enéelealintbhperadsee dst dsicxdadde w dth of
295 mmas the orifice array range, and a test pattern having a |ength of
295 mm i sor ebondedtS¥ g. and a8 anéveokinaggr denshed wheak atesmgenent of a
circuit for performng the above operation. A selector 141 selects data to
be suppl PA§tEF™ Hes ¥eEeordrAg heagebPr REESPHRARE WEYShegerdRta to be

recorded and test pattern data. Mepories 143 gnd 145 %%gre t he i mage data
to be refEPEdARPEERELHART &F nPeALPE PPy DAFLSA Yot ®r 147 i's

arranged to cause 25 SEPTEMBER 19?9 - (7 _an AND ggte 149 to Eelect an
actual oFfFPESed rtSSTaRYE S R actBaf Mt EcBRIPRY AT BT aPr angenent |

the AND recording 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 uneven
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 fhese two test patterns are
detected, 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 temperature from,
e.g., 40°C to 45°C, an electrical pulse which does not
allow ink injection may be applied to recording
elements (electricity-heat conversion elements) in

addition to the temperature adjustment heater to



gate 149 outputs inmage data corresponding to 293 mmin actual recording to
the selector 141. In the test pattern recordi ng node, the teSSEPTEMBER I9ba
corresponding to 295 nmmis output fromthe test inage nenory 145 to the
sel ector 141. Therefore, a test can, be perfornmed using a test pattern
having a length of 295 nm Wien~t h® zbove injection stabilizing processing
is conpleted, desired test patterns are recorded by the recording heads
1Cto 1BK in steps fromstep S11, uneven.inmage densities are read from
these test patterns, and unevenness correction data are obtained. 1In this

erood, el BOGAPS! AL ile O s ndl | oot gEOLY, MR 1 eyl

ed"with ef erence Imng chart 1n Fig. 42. Fig. 42 is

a timng ghartoRHQW 10 2ecaRRA il HPoridl SPPELALUSAEL Ll inevalbodi MENt .

An uneven” i mage y correction sequence is started at atimng ain
Fig. 42 fLEEL LRRSAROYRRRLASHNGd Sscappbel ed, when  the recording
medium 2 I's conveye othe image formng area at atimng b, the main

scanni ng not or ah$ eHnlat8Re13t, aid idhdelr Cto DFéy6Fr8 tRE Ebelowdimng magent a,
yel low, and bl ack recording heads 1C, 1M 1Y, and 1BK are driven at

tinings dynéweh, ithade) derefixBldors@d,iemdteS8lpattEiryg, Perficest patterns
are recorded on the 25 SEPTEMBER 1999 - 78 recording nmedium 2. This test
pattern i gsousedtion cathd altearsasn thageea@nsemperapurhi  464¢e,~ t he
unevenness correction tables represent straight |ines having a
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
matter 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
processing is performed in this state, accu;ate 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 %, the

pressure mode is set, and the ink is forcibly



gradient of 1.0, and a state in which unevenness correction is not
performed is set. Test patterns are uniform hal ftone patte2fHSERTHEMBER1999
rati os are about 30% about 50% and about 75% When the test patterns are
to be recorded on the recording nmedium 2 by the correspondi ng recording
heads, an ink cannot be instantanecusly absorbed from each recordi ng head
to a recordi ng nmedium depending on the types of recording nedia. An
uneven i mage density of the test pattern recorded on the recordi ng nmedi um
is not inrediately stabilized. In this' enbodiment, in order not to cause
the wuneven imge density reading unit 14 to read the uneven inmage density
of the teastsdmidgd fwndml othéivaevenOrifige dendidgestear bé t he test
pattern recorded by each recording head is stabilized, a recordi ng sheet
is not fecaared ity kepingiogpetef dnkaapsedbtiagrimanbeeraseangedtiime t after
recording of the test pattern by the recording head is conp]eted (steps
S13, S23.irartheS3®|p nunitginge) coatast wWhEhufdeePTbkeesiefsi PY state of the
test pattern is stabilized, the recording sheet_is conveyed at a timng i.
Wien t he a3 RIBIING cQENESPLRE theadirdd HaFpadthpces eed?hé of the recording
mediumis stopped. The reading sensor ;17 is driven at a timng 2

SEPTEMBER ingghead gag PRe dFHEeEh Inddie AT (SRR eFnaSct es? pattern
the M v, Ehihd R Ehl BFCEBHBBNe RS 4Fo Fregel BN RELng I S m o
respeCthQ%f%é€£§Q§ Note that driving energy at the time of
preliminary injection is not 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
recordiﬁg 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
image density. The injection stabilizing pattern is
obtained by driving all the orifices of all the
recording heads, i.e., a 100% duty. By recording this
injection stabilizing pattern, the head temperature is
stabilized, the ink supply system is set in a steady

state, conditions for normal recording are given, and



S15, S25, and S35 in Fig. 36). According to an experinent conducted by the
present inventors, when a test pattern was recorded on an RHREPEEMBER 1999
recordi ng coated sheet by a recording head having a resolution of 400 dp
at a print ratio of 50% the recording sheet stop tinme was as short as
about 3 to 10 seconds. Fig. 43 iLsyg Limng chart show ng anot her
operation of the apparatus of this enbodinent. In this operation, when
recording of a test pattern by a recording head is conpleted (tinme g') at
a convey speed vl of conveying the recording nediumto the recording
position, and then the recording nmediumis to be fed to the uneven inmage
density rebdi pgearncel4bsdregapkrin jertiepeedrossr educed fiigesat i sfy
condition vl > v2. The sane effect as in Fig. 42 is obtained. After fixing
st abi | i zadébactesdrniriag @l priovvipietand thevenevergdmddssi ty readi ng
processing is perfornmed in steps S15, S25, and S35 in Fig. 36. The
unevennes%eRal t¥scon Hife AR erdtFtethe respective colors are read,
and unevenness correction data corre%Ponding#to he print ratios of the

heads are _calEGIéPe&R@ﬁR%ﬁ?%ﬂﬁ%vE@W,IH%dﬂS )MU2ELSEFFRTEERI1999 - 80 In
(IS eTOORLEE: g2t ol LE 4RS00 SE50% [ehaLoalpBllg U7 | ST
Sonsor AR SRR eI AL LD Elaser 8o LHTLARYLTY factor s

recording width, the recording width of the test

pattern during recording is preferably larger than the

normal image recording width. Assume that a maximum

sheet size is an A3 size, that a maximum recording

sheet size is about 293 mm determined by considering

right and'left margins with.respect to 297 mm, i.e.,

the short side of the A3 size or the long side of an A4

size, ahd 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 corrected. In this cése, 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 operation. A

selector 141 selects data to be supplied to the

recording head in accordance with image data to be

recorded and test pattern data. Memories 143 and 145

store the image data to be recorded and test pattern

data, respectively. A counter 147 is arranged to cause



density, and the output densities are reduced in an order of C, M and Y.
For exanple, an output ratio of BK: C: M: Y is given as23SEPUERIBER1993
: 0.25. An uneven inmge density correction quantity is obtained by a ratio
of an intrahead average density and a density of an orifice of interest,
out put differences do not pose anyjpr.oblem Assune that an output for C

is KL tinmes the output for BK An average density of the head 1BK is
defined as ODBK, a density of an orifice of interest in the head 1Cis
defined as ODBl,, an average density of the head 1C is ODD, and a density
of an orifice of interest in the head 1C is defined as ODCn |f unevenness
of the orehi edilofgdte el €3t tonséhectheadatBKails cadifdlce mtdemt odngwe head
1C, sensor outputs OD, = K1 x ODBK and OD,n = KL x ODBx". In this case, a
correctlomnv@qnydknr¢¢mmd)cgnpoﬁenthesabqualanngmgﬁme&ﬁ't¢QEBkN@onponent
as follows: ODC _ K1 X ODBK = ODBK ODcn KI x ODBKn CDBK" For this reason,
out put di BRdreerddds PeEpred imegecepsa é@ﬁﬁ@ﬁ@@ﬂ§iﬂ9rﬁﬁ oL BN pr obl em
25 SEPTEMBER 1999 - 81 Wien an uneven inage density correction value is
obt ai ned ﬁF&M%%1%ﬁﬁ&ﬁ%%%gvﬁPuéth5818€ﬁ9Ft}4éf af™ 3§ it®%f interest and

a difference between an averag& BS|t§ and the den |2{ of the orifice of
i nt er est, P2EHRIIt TREPEEL P PEFBNcE8SpEPREe RAHHE DI onponents pose a

deci si ve- %% 'é¥“0F3£n§X€8DESs %ﬂegs oﬁ%&ﬁ%cku%%‘éﬂé“%éé%tfhéﬁb
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 unevenness correction data are obtained.
In this embodiment, an operation for one test pattern
recording and reading cycle will be described with
reference to a timing chart in Fig. 42.

Fig. 42 is a timing éhart 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 medium 2 is conveyed to the image forming
area at a timing b, the main scanning motor is driven
at a timing ¢. Drivers for the cyan, magenta, yellow,
and black recording heads 1C, 1M, 1Y, and 1BK are
driven at timings d, e, £, g. In steps Sl1, S21, and

S31 of Fig. 36, test patterns are recorded on the



obtained froma difference between an average density and a density of an
orifice of interest, the followng relation is established2s5SEPTEMBER 1999
K1(ODBx - ODBK.) This value for the C conponent is K tinmes that of the. BK
conponent. Correction data for the orifice of interest is obtained on the
basi s of the above value. Al thoughgthe uneven inage densities of the heads
are equal to each other, the final correction value for the BK conponent
is different fromthat of the C conponent. In this enbodinent, a ratio of
sensor outputs of the respective colors is obtained. At the tine of
unevenness reading, the CPU 101 nultiplies the sensor outputs with a

reci procatevakdénaf mighliisint @&.i 0.Thidnevesmegsstternetsi ageds tohereaukr f or med on
the basis of. the calculated products. If an output ratio of BK: C: M:
Y is giveanagngveki imag® deissitgn outrputhbbtaased Bpenuneydinmessf the BK
conponent is nmultiplied wwth 1, an output obtained gon reading of the C
conponentC@srﬁQF@Qm|Q&bhﬁﬂqunn€§eﬁﬁi%%}ﬁEmBEFﬂlggg agindam out put

obt ai ned upon reading of the Mconmponent is nultiplied with 1/KZ, and an
out put ob¥ERALENGST Ir-Ladidlf & St‘haete( Enpoheht “PE"Pri}Ptelsﬁl ied with 1/ K3.
Wth the above technique, the follo relatlo IS o%talned 1/ KI x (
ODc - ODCRCYTECEARH K FQtomeE Lo syse ﬁ

uniform halftone patterns and print ratios are about
30%, about 50%, and 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 types of recording media. An uneven image density
of the test pattern recorded 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, S23, and S33 in
Fig. 36). After the uneven image density state of the
test pattern is stabilized, the recording sheet is
conveyed at a timing i. When the C pattern reaches the
reading apparatus, feeding of the recording medium is

stopped. The reading sensor 17 is driven at a timing



Optimal correction can be perfornmed wi thout being influenced by the ratio
of sensor outputs of the respective colors. Sensor output Q9KEEPTEMBERER®I
not be perforned by the CPU 101, but can be perforned in the preprocessing
section. \Wen the A/D converter 127 conprises, e.g., an 8-bit A/D
converter, an output value of each cofor nust be converted into
8-bit.digital data of the dynamc range. This is very effective against a:
decrease in resolution of the read data of each color. As shown in Fig.

44, anmplifiers 135C, 135M 135Y, and 135BK are arranged to anplify read

signals of {heandesRECUNRFOlifade RIENILPUSPUEROE tBELI QAdtdgnal s of
the respective colors in Fig. 45A are set to be al nost equal to each other

as shown ini§i gead5By the re@adny gt W4t h TherddPreanvehie rngdden read
signals can be set narrow as a whole. A read data resolution in an 8-bit
arr angenent inagebdensdtéasedt ahck tMe ¥ eaxhd ppRccsion canpbmeniter be
i nproved. 25 SEPTEMBER 1999 - 83 On the basis of the above results, in
steps S17, aS27readda83tigfingisgk,3d,, @andirmeyendep8ctovedyt i(sreps ue ASnso
at a 50%duty, an unevenness correction value ASn30 at a 30%duty, and an
unevenness Ebbre8Rbonandl $85AdM7Figat 3 75% duty are obtained. In this
cal cul ation sequence, signals are sanpled fromthe unevenness-free
signals. In thi sAEgeEdinge touibereXFeRinARt sCorBrFE8PoRYs the t he nunber of
orifices. The sangled

_ 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 paper
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 patterns of the
respective colors are read, and unevenness correction
data corresponding to the print ratios of the heads are

calculated (steps S17, S27, and S37).



data are defined as data respectively corresponding to the orifices. For
exanpl e, these data are defined as Rl, R2, ... , RN (N is bherprehmErR{o99
orifices) and are tenporarily stored in the RAM 119. The fol |l owi ng
operation is performed by the CPU 101. These data are processed and
converted into density signals asgfollows: Cu = -l10og(R /Ro) where Ro is
the constant satisfying condition Ro > R ,; 1 <- n -< N An average
density is then calculated as follows: C=1t Ch/N n-1 Subsequently, an
aberration of the density corresponding to each orifice fromthe average
density is calculated as follows: ACn = A x AC' Mire specifically, values
ASn50, ASn30, andtAds7%smics imea tulaltEtbugh stepsr8ading2senandt 337,
respectively. 25 SEPTEMBER 1999 - 84 |In the above equation, Ais the
coef fici ehf 2détBgkendd iy grerdmy oreashavwepetssgeoereflly ldachgeor
exanple, if the gradatiqn characteristics are linear, the coefficient is
gi ven as N‘:uT.lt% Rér HiPd@ TS -he FRoerfanp kot whenl £sSanshEn helydnange of
about 0.6_to 4. \Wen this setup operation is perforned and even
%L§$ZP

bout_. 1.
T an ope? BEFBAfof NBBESTRIG ST 1A leplapsaby secrommed, the
number OfiEGBEEEE'%Ré %%1é§%péﬁg%%x§%s'the maximum output

density, and the output densities are reduced in an
order of C, M, and Y. For example, an output ratio of
BK : C : M: Y is 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 interest, 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 ODyp, a density of an orifice
of interest in the head 1C is defined as ODg,, an
average density of the head 1C is OD., and a density of
an orifice of interest in the head 1C is defined as
OD.,,. If unevenness of the orifice of interest in the
head 1BK is equal to that of the head 1C, sensor
outputs OD, = K, x ODp and OD,, = K, X ODp,. In this
case, a correction value for the C component is equal

to that of the BK component as follows:

OD. _ K, x 0D, _ 0Dy
OD,, K, X OD,,  OD,y,

For this reason, output differences between the

color components do not pose any problem.



A final correction quantity ASn is obtained as ASn (ASn30 + ASn50 + ASn73)
fromthe val ues ASn30, ASnSO, and ASn7s. Sel ection signal s 26SEPTEMEBER 0999
straight lines to be selected are obtained in accordance with ASn val ues,
so that correction signals, the nunber of which corresponds to the nunber
of orifices and each of which ha8l16%, i.e., 110" to "60", values are
stored in the wunevenness correction RAMS 129C to 129BK. For exanple, if
ASn = 1.1, then Ch = CJ1.1. A density of a pixel formed by this orifice is
1/1.1 of the average density. Wien an unevenness correction signal for

selecting a rrection straight lipe having a gradient of 1.1 is stored
inthe corres%@ﬁﬂrﬁfzﬂ%ﬁf??1% ?nég%ﬁhEXSQESFgEGHQﬂ1W@*ﬁe(iﬁrection dat a
for selecting a , correction straight line havi a .gradient_equal to ASn

is stor eégftggneeéjch 55 falréea%sﬁlf“?te%e‘ﬁ?i‘fze s? a?gﬂg_“ﬁ s ?tﬁ &fhits of orifices
are sel eglod; by tye ganerated ey enness, orLeeLlon 4o SFRIFMAER 1999 - 85
ata, theréby correcting the uneven Thage dénsities.” In addition to the

duties %eg‘gof?tﬁodoﬁ%g{’ﬁ 7C5e°(qg%ay @#ﬂ%@gﬁﬁ%gﬁggsogaq_wéwi ate duty can

be obt ai ne one | nege. er of duties or duty ratios can

be approgehabe! b utghi M efh rtcds B thEeRl £hE0BLI®r Idbrdbefodi Ment,
unevenness correction data representing sinple average values for three

hal ft onepoiseagesiedi diutd gsraflei®% 50% and 75% are obtained. However, in
an actual inmage, since a 75% hal ftone i mage
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 following

relation is established:

OD; = ODg, = K, (ODgy - OD_BKn)
This value for the C component is K, 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 different from that of the C component.

In this embodimént, a ratio of sensor outputs of
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, : K;, an output obtained upon reading of the
BK component is multiplied with 1, an output obtained

upon reading of the C component is multiplied with 1/K;,



has a consi derably high tone, unevenness is not so visually conspicuous
due to the considerably high tone. Simlarly, a 30% hal ftons SEPREMRER $999
not visually have conspicuous unevenness due to a | ow tone as conpared
with a 50% hal ftone i mage. For this reason, when sinple averaging is
perforned, an unevenness correcti 8f -effect of the 50% hal ftone inage is
sacrificed to sone extent. In order to inprove this, the values ASn30,
ASn50, and ASn75 can be wei ghted, and the weighted values can be averaged.
The sane operations as in Fig. 36 are perfornmed wuntil the val ues ASn30,

ASn50, and ASn75 are obtained. Howeyer, an ayerage value is obtained as
fol Tows P OHHEN SAPEREICd FRORGRIBAENG2 RS SH S, aSREPANTE o5+ a2 + a3)

The val ues_ ,a,.,.,a2,, and_,a3 e nreferab e o] a, = 2, a2 = 3,
and a3 =Wﬂfﬁ%? ﬁﬁg,w%ﬁﬁséﬁéﬁlﬁ%giégﬁ‘%%téiéﬁéﬁéggp%QQgEPHBG be

arbitrarily abtained.,n the ranges ot 0.25 < (al/a2).,.,<.,l,,and 0 . 25 <

(a3/ a2) E%édﬁN%rP he'%b V%OT%%ﬁﬁPaué? gug&ﬁfﬁéﬁgﬁﬁhﬁﬁévgﬂﬁﬁss correction
effect for all .the halftone i s.can b oht ai,ned i | deration of

vi sual percepﬁpﬁﬁxo eu%%%%%nggggn ﬁ%gab§€8 %éﬁd%ﬁ?ﬁﬁpéggg$+%$énts at, az,
and a3 can Jg%égﬁg pated. Although the al, a2, and a3 val ues are

generally set to fall within the above ranges, nost of the hal ftone images

bel ong to 30% and 75% hal ftone inmages which are preferentially enphasized
over the 50% 1/K, x (0D, - 0D.,) = 1/K{K, x (ODge = ODpy,))

ODgg = ODgyy,

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 the read 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/D-converting the read signals
can be set narrow as a whole. A read data resolution
in an 8-bit arrangement can be increased, and the read

precision can further be improved.



hal ftone image. In order to perform unevenness correction again so as to
form unevenness-free images, since other val ues ot her than issrpararsERN1999
a2, and a3 values are often better to be set, an inprovenent is

preferable to cope with this situation. A portion 180 represented by a
broken Iine in Fig. 34 is a coefﬁkf[pnt i ndi cati on neans capabl e of
setting al, a2, and a3 values. Thi's coefficient indication neans can be
set in the indication input wunit 106. This setup operation can be
performed in accordance with a type of recording nmediumused by a user
and a way of causing unevenness of each head. The al, a2, and a3 val ues may

be directly sefn thloWwe¥€is 3fUSRE 6BBvECY=GRAIR A iGESd t&fs hgl fit one
density, and the a " a2, and a3 values are autonmatically 25 SEPTEMBER 1999

- 87 sets2n, anedrSANcerfwWrig.t Be,deai ghaivednkals icoreralensonyyalubus
resulting in conveni ence. For exanple, when a 30% hal ftone density is
desi gnat eiiSngyhet aoBdkt Hany,aadn- udevahnresy andrea3tiod valeegidden, Wen a
50% hal ftone density is designated, . then al = 2, a2 = 3, and a3 = 1 are
set. Wemmta ¥530hadfitppeaddnsnt unesedagisgnatetedtien atakud, Ag8,= 2, and
a3 = 3 are set. Wth the above setup operation, a desired halftone density
can be ardbttaarisydaey. afe bbeasasd.ti mm, thise\oimaskatosnecti on data for
obtaining a sufficiently satisfactory unevenness correction effect can be
obt ai ned sequexidey bathadaecadensampéed 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 10l.
These data are processed and converted into
density signals as follows:
Ca = -1log(R./Rg)
where R, is the constant satisfying condition Ry 2 R;; 1
£ n £ N.
An average density is then calculated as follows:
z=1 C,/N
n=l
Subsequently, an aberration of the density
corresponding to each orifice from the average density
is calculated as follows:
ACn = A x AC,

More specifically, values ASns,, ASn,,, and ASn,;s are

calculated in steps S17, S27, and S37, respectively.



An enbodi nent obtai ned by applying the present invention to a serial
printer will be mainly described below. In the follow ng ensSEPTEMBER 1999
same control systens and processi ng sequences as descri bed above can be
enpl oyed, as a matter of course. FiYy: 46 is a schematic view show ng the
seventh enbodi nent obtai ned when the present inventionis applied to a
serial printer type ink-jet recording apparatus.. Recording heads 201C,
201M 201Y, and 201BK receive cyan, magenta, yellow, and black inks from

i nk tanks (nOtlﬁh@”@)abgbgugggk%ﬁ°§3?$$15;%%&§8%%%E§¥31%$§ i nks supplied

to the recording heads 201C I'ven in

accor danceiatdddin tné€CBYduREdat!i BR2lchaQRRIAAN! NG 1O T £CRLYLNY pRfor mati on
suppl i ed 25 SEPTEMBER %98 - 8§ fron1§ na|H%££§%C)fu%i?é§Pﬁos “Fdenti ca

to that imﬁ%mplés.ifnkhdrQﬁhah%i@hech@E@@%@%fééﬁEérﬁiéeﬁﬁﬁgékve heads to
record information on a recording nmedium 202. A convey notor 8is a

driving sarececdaffichertnist gavey heedi rg it.he garokei g, medbium 202, A
mai n scanning notor 206 for driving a feed roller 204 and a convey roller
205 servesogfhidientny Salilsewlichindthei rgnaeTaiin HAsanti OgsCcapri age 203 in
directions of arrows A and B through a main scanning belt 210. In this
enbodi ment2PQithck- hccufaer phper skseg oprirrdlions ig gopttfetmed hengaper feed
notor 208 and the main scanning notor 206 conprise pul se notors. .Wen the
recor di ng SYEd A PREEAESONRhECHapEFaindad eoldSey OBie aipaper feed
roller clutch %}1 fnd thg

repeatedly performed, the number of repetitions can be
reduced.

A final correction quantity ASn is obtained as ASn
= (ASnyq + ASns + ASn,s) from the values ASn,,, ASn,,, 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 129BK. 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 unevenness
correction RAM. Correction data for selecting a
correction straight line having a gradient equal to ASn
is stored for each orifice.

Different y straight lines in units of orifices

are selected by the generated unevenness correction



convey notor 208 are rotated to convey the recording nedium 202 to the
convey roller 204 along a platen 207. The recordi ng nmedi um8GEPTEMBRER£999d
by a sensor 212 arranged on the platen 207, and a detection signal from
the sensor 212 is used for position control, jammng control, and the
i ke. When the recording nedium 202 reaches the convey roller 204, the
paper feed roller clutch 211 and th85convey notor 208 are turned off. A
suction notor (not shown) is operated to start a suction operation from
the inside of the platen 207. The recordi ng nmedium 202 is brought into
tight contact wth the platen 207 serving as an i nage recordi ng area.
Prior to an ji_mage recordiqﬁ operation_on the recqrdkgg(ﬁ%lsEPTENBER 1999 -
t

89 nediyny?ﬁf?’tﬁ@%ﬁﬁﬁ%ﬂ or %??+%%et5%3“P§YﬁBvé§q SPosFEion of a
hone posi tiqn §g@§ﬁ}é§K%oF:rgwg?tig§g$?gag%;i3%§rf%&Qfgkigaéhe di rection

of the arrow A, cyan, gent q, bl‘a %rinjected

from bredet sizaehaiasidqons Lombbepcecording,heads 200610, 2018K 0

perform i nage recording. e ecordi ng a predetermned length is

conpl eted, tRe aSERANVEIMhEAKAGDE 2Pe | Sufb@PPEE dAftildl Sof idFy, backward
scanning is started in the direction of -the arrow B opposite o the

direction ofrathesadaiwhe dpSrosesdrely €atéradacdl3 ds 4 ahdkted &p the
hone position sensor 209. ring backward scanni ng, paper feeding by a

| engt h of shkeetrskecorded with the recording heads 201C to 201BK is

performed by causing the convey notor 208 to drive the convey roller 204

in a direction offmarthis 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% halftone image is sacrificed to some

extent. In order to improve this, the wvalues ASn,,,
ASnss, 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,,, 4Sns;,, and ASn;s; are obtained.
However, an average value is obtained as follows in
step S41l:

ASn = (a,4S8n,, + a,4Sn5, + a3;ASn;s)/(a, + a, + a,)

The values a,, a,, and a,; are preferably set to be about

a = 2, a; = 3, and a; = 1. However, these values can



arrow C. In this enbodi nent, each of the recording heads 201C to 201BK
conprises an ink-jet recording head for formng a bubbl e bR5SERTEMBER 1999
injecting an ink droplet by a pressure of the bubble. Four ink-jet
recording heads each having 256 orifices are used as the recordi ng heads
201C to 201BK. Wen the scanning car%%age 203 is stopped at the hone
position detected by the hone posiTi Sensor 209, a recovery operation of
the recording heads 1 is perforned once by a recovery unit 220. This
operation ains at performng a stable recording operation. In 25 SEPTEMBER
1999 - 90 order to prevent injection start unevenness caused by a change

in viscosi tye OhrBRticRk i16f loh il Qn feh%esratq{?eé e reces di nggp;;.g,l 201,

operations such as a sucfion operation for e recordi ng he by the
recovery upii 228 andsan ugk/grphqunary injection operation are
performed in accordance mﬁth’prbgranned conditions such as stop tine, a

e cbove, AEchneraPilR el qldl] &1 e ALy e TR PRRRALONS

descri bed above are repeate recor e entire

t he reCOfdi@erE@E&BH‘e@&%ﬁ&.%@%-%g?tEWe 'gqiégnglt%iéécgéa_g 5, an

uneven i mage density readi ng unit 4 reads test pa rns printed on the

recordi ng st aihdd2 1 uP@dn sARRIHaGAN0R FOf ;RIS 10THB A 4B $h 02l s to the
recording heads 201C to 201BK and out puts read signals. The uneven inage
density reathegennetss214 is arranged

The above weighting coefficients a,, 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 performed in
accordance with a type of recording medium 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



outside the image recording area. In this enbodi nent, the uneven inmage
density reading unit 214 is arranged to face the recordi ng BRERrEMBER1D®
recordi ng medium on the downstream side of the recording head al ong the
convey direction (i.e., the direction of the arrow C) of the recording
medi um 202. As descri bed above, the recording nmedium 202 on which test
patterns are recorded is illunminatedW th a |ight source 218. Recording
densities of the test patterns recorded on the recording nedium by the
recordi ng heads are read by reading sensors 217C, 217M 217Y, and 217BK
Test 25 SEPTEMBER 1999 - 91 pattern signals read by the readi ng sensors
217C, 217M 7Y, and 2%7BK aretéﬁnverted Into digital signals by an A/D
|

converter 2 ,&ah% THECEPGNER Yeitdndihe 4S5 1qanRA b et §toRsr €enisiteyy RAM
219. Fig. 47%{8sa-s5088t ci\ﬁi %\gnt,%&&_ee%egi ning a reading unit of this
I re

enbodi ment. In order to inAprove reci sion of uneven i nmage

densities of the fgst oxRA ggangg%ggggggg%?ﬁgﬁgggggéfégéEgynggiun1202 by the

recordi ng heads, color filters are-arfranged on a

light sourcei@dfgractls kaeqr dondi cledsim skdg, B, G 2B s3pd L Light
conponents are radiated on the C M and Y tést pattefns recdrded on the

recor di ng m@r?gegn.l NWhBhS aMBIRE ha 13 Y t&éd@it#iﬂgtdggmﬁﬁ%% > of
o) |

conpl ementary colors onto the C M and Y test patterns, eren

spectral sendi¢nvafi=es?, of, they rea@d ng sensarse 2b4C 3/ 217Y¥s and 217BK
need not be enployed in units of test pattern colors.

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 present
invention to a serial pfinter will be mainly described
below. 1In the following embodiments, the same control
sSystems and processing sequences as described above can
be employed, as a matter of course.

Fig. 46 is a schematic view showing the seventh

Iembodiment obtained when the present invention is
applied to a serial printer type ink-jet recording
apparatus. . Recording heads 201C, 201M, 201Y, and 201BK
receive cyan, magenta, yellow, and black inks from ink
tanks (not shown) through ink tubes, respectively. The
inks supplied to the recording heads 201C, 201M, 201Y,
and 201BK are driven in accordance with a recording

signal corresponding to recording information supplied



Uneven i mage densities of the respective colors can be read by using
sensors having identical spectral sensitivities. Wth the 2B3X¢®PTEMBER 1999
arrangenent, the press nenber described above can be used to prevent sheet
floating during reading. Fig. 48 is a schematic view of the eighth

enbodi nent obt ai ned when the present invention is applied to a serial
printer type apparatus. Uniform inadg3§7gnals are applied to the recording
heads 201C, 25 SEPTEMBER 1999 - 92 201M 201Y, and 201BK to read test
patterns recorded on the recording nedium 202, and read signals are out put
as in the above arrangenent. In this case, the uneven inage density

readi ng uni tfLﬁ;nggaarrﬁgfgegogg%ggﬁgnyé?Féh%as%gd_[d?’e%o%ﬁgl%aé ?ﬁ?éé constituted

by a line readin sensor etBodi nent ,

the uneven igmge fensi{y. &gggaggsu?k% éé@#d%éd“%%&%’éﬁé;@%ﬁgégﬁiﬁecordi”9

surface of the recording ne m on Sstream’side © reco?ding

head in the}§Q§M§ytgif@g&%gniég?ggﬁéibgeoq reGld er&gﬂ%ﬁﬁ%g OygE2§ arrow

C) of the recording nmedium a press ne one

descri bed previoq§laoh§e?rﬁggg§d20§h§§ g H?Tbidq?ééﬂfhé 9fded on the

recording medium 202 is 1o be rea i stance "between the recording
medi um 202 aitke Pt £6RELHUFEBASAE 2Be AR IORPInaaiERt268NStANt. 1N

addition, only one reading sensor is required, thereby providing a conpact
apparatus. main scanning motor 206 for driving a feed roller 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 cluﬁch 211 and the
convey motor 208 are rotated to convey the recording
medium 202 to the convey roller 204 along a platen 207.
The recording medium 202 is detected by a sensor 212
arranged on the platen 207, and a detection signal 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 are 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



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 2325SEPFEMBER 1999
correspond to the positions of the test patterns recorded by the
respective recordi ng heads, thereby inproving reading precision of the
readi ng sensor 232 for the print patderns of the respective colors. As
described with reference to Figs. 44, 45A, and 45B, the col or read

signals fromthe readi ng sensor 232 are anplified by 25 SEPTEMBER 1999 - 93
anplifiers 235C to 235BK, respectively, to increase the resolution of the
read data, thereby further inproving reading precision. Fig. 50 shows the

ni nth enbodig@dfuRbs @b NednBY scaRRlivigNgaths fYesam i Hvurev-e@ntbotheseri al
printer type apparatus. In this enbodi nent,” when test patterns are to be

recorded on godeensdi 6 AeHome ROsURIBnSelefEddve20ScanFbngasfi a carri age
havi ng recordi ng heads 201C, 201Y, 201Y, and 201BK in directions indicated
by arrows Acanhihgaisepérfatriedn ins thecaridexstthiorach tkeocadrog Ahead
every scanning cycle of the carriage 203. After the reading |line sensor
232 reads tend esyapat reganteecyeddewon anise brlagie dimigs nege usn 2eg2teghe
carriage 203 is scanned again, and another test pattern is recorded on

t he recor di fgEdPEeseberpynele PREAL LEBE0 THIRY A ePRES BT NISEESt hi s

b

enbodi nment , reading each test _pattern recorded, on the recordi ng nedi um
by each recd?Hr ntP hd84BRn tanPES LR dMgae EQRPEék%ﬁityw%?ntﬁ@agﬁAM 219

for storing éggBé fﬁgp§§t§r%r2 %%e%%&%e%aqg%%th is completed, the

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
scanning carriage 203 is returned to the home position
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 embodiment, each of the recording heads
201C to 201BK comprises.an ink-jet recording head for
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 home position sensor 209,
a recovery operation of the recording heads 1 is
performed once by a recovery unit 220. This operation

aims at performing a stable recording operation. In



reduced to 1/4, thereby further sinplifying the structure of the

apparatus. Fig. 51 schematically shows the tenth enbodi nent 25&pPaEVEEEID Y99
applying the present invention to a serial printer type apparatus. In this
enbodi ment, a test pattern recording unit for causing a recording head to

record a test pattern and an uneven %Eage density correction unit 237
constituted by a test pattern 25 SEPTEMBER 1999 - 94 reading unit are
arranged outside an inage recording area. In this enbodi nent, when an
uneven i mage density state of the test pattern is stabilized after a test
pattern is recorded on a test pattern recording sheet 231 of a test

pattern recokdery tungiremérﬁﬁqm TR SH Pea PEAGN L BRANES! RAIK] by &for di ng
sheet 213 is conveye to the uneven image density reading unit. “As

descri bed abhuegeadeondistddixy ReE RIresHilk LéP¥enhi @he irhididgevupnness
correction data is obtained fromunevenness correction data of a plurality

of test inbbesrkavicddnd Hearerz0 enspdt£5ioRs suchhasaversage:ioml ue of the
unevenness correction data, thereby obtaining a sufficient unevenness
correction epegetipor foan theagedod ingy dryad nBge Benshiey rebuvreahevent h
enbodi mrent of the present invention wltl be described with reference to

Fi gs. 52A anBis2R20 #me sand nkefooednigeinamer th$egsion Bpgratd aermte t he
sanme parts in Figs. 52A and 52B. A density step pattern generating nmeans
1191 changegeﬁfﬁgmﬁg

I%%ingqqgance with programmed conditions suc
as stop time, a temperature inside the 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. In this embodiment,
the uneven image densitj reading unit 214 is arranged
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 described above, the
recording medium 202 on which test patterns are
recorded is illuminated with a light 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



be referred to as a print duty hereinafter) prior to uneven inage density
correction processing, appropriately drives the recordi ng RESEPTEMBER 1998
a test pattern whose density is changed stepwise. The print ratio (print
duty) is defined as a ratio of a dot count assignable to a pixel to a
maxi mum dot count when each pixel fgp formng a recording inmage is
constituted 25 SEPTEMBER 1999 - 95 Dby a plurality of dots recorded on the
recording medium with an ink injected fromeach orifice. Alternatively,
the print duty is defined as a ratio of print dot count to a maxi num dot
count representing dots which can be recorded in a unit area. A test

pattern rea@amm&&m:Hlbhdkﬁukééﬁtﬁﬁt;h@aEESHEngh@@hdd%J(HrﬁﬁhQﬁlﬁM
recordi ng medi um 1002 with a recording head 1001 and the density of which
i s changed24t7@pwiasel shlZBK tar€otsweértbe UACYEAgIAGE defsdly. byhe read
means 1014 includes a light source for emtting light onto the surface of
the recordi rRg Afddiaanvexts=nsd36 f oand eckeevidngikiaghts igefd lectark by t he
surface of the recording nedium and an appropriate converter. An uneven
i mage densi tpmpereadtlivhe tamed in RORBYr2&8ts drive conditions of the
recording head so_  as to suppress the uneven inmage density in accordance
with density dat&Y%ad ¥ richn & exghematie néier forsexnlinineve showing a
detai l ed arrangenent .of the uneven inpge density correcting neans 1020. A
read signal © %ﬁn’\? P Qb s e%f&’%‘? &% - of INe SrdeR iR HPFREY by t he

uneven i nmage nsity read nmeans . .
gregglng'%reCLSLon of uneven image densities 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 ;ecording 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 reading sensors 217C, 217M, 217Y, and 217BK need
not be employed in units of test pattern colors.

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

With the above arrangement, the press member
described above can be used 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,



1014. The read signal menory 1119 stores the read signals in units of
steps set by the density step pattern generating neans 11915iSEPTEMBER 1999
correspondence with the orifice positions. An even density characteristic
detector 1121A detects a print duty of each orifice when a predeterm ned
density is obtained. 25 SEPTEMBER 1999 - 96 When a print duty of a
standard orifice is given as 50% the corresponding density is defined as
0.55. In practice, this density is not often obtained at the above print
duty. For exanple, 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%01¥hi 30pNenemshdf ldkudes madineven pangerndefscOFdqt i s
enbodi ment, test patterns are formed while a print duty is changed
stepwi se sothe receomsige madd ubrdlesp@nit neeaiknsig)a s epRPsORR YT i nt duty
corresponding to a predeterm ned density (e.g., 0.55) is extracted in
‘units of or@fiéBsthgn@bave rERANISRENthef | FedtRkS af2&9en thENS]Y SR
characteristic. An even density-correction paraneter agit nmeti.c operation
3R eRtes

unit 11218 +BREGI 4EES Y FRANTAI dBtrlect} HrATEAR AR 8btt§]e_h an even
ooy 11oSSE8 TRt AR O SRR R o e o 2
s o AR S PRS0 pageoriance wih el
modul at or 1122 agq $4/:&CtdMSddiiHP) i €fe i indPe IhhYEM density

reading unit 214 is located to face the recording

surface of the recording medium on the downstream side

of the recording 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 previously 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 sensoxr 232 can be easily kept constant. In

addition, only one reading sensor is required, thereby

providing a compact appératus.

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 correspond to

the positions of the test patterns recorded by ;he

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



1112 for the recording head 1001. The read signal nmenory 1119 having the
above arrangenent corresponds to the RAM 119 in Fig. 34, t2&SEPQIEMRER 1999
parameter menory 1129 corresponds to the unevenness correction RAMs 129C,
129M 129Y, and 129Bk, 25 SEPTEMBER 1999 - 97 and the inmage signal

nmodul ator 1122 corresponds to the -u@dvenness correction tables 122C, 122M
122Y, and 122Bk (or may include the gradation correction tables 130Cto
130Bk and 131C to 131Bk). The even density characteristic detector 1121A
and the even density-correction paraneter arithnetic operation unit 1121B
can be realized as functions of the CPU 101. The signal selector 1193 can
al so be reakPmpdd fdens fAFRT iton 2ABK her&Ppegebivelye. toag nEdaaRe | Ure of
selectively outputting a density step pattern generation signal and the
nodul at ed | F&§E Laitdrel afo thee tRdd tatahetlensbyy fyrspegodmPIving t est
pattern can be  appropriately determ ned. Even if a step count is

consi der abl ¥e84dNg RREE\AE P Hensi ty characteristic can be obtained by
appropriate interpol atjion. The same nechani cal  arrangenent, the reading
system and the &d#r 0 ShQEmEe MR %T??ﬂlmﬁﬁﬁoggﬁé&P%ﬂfPXBed, and a
det ai | ed descri,pt.ion thereof 11] be omtted. Fig..53 sha a detailed

ar rangement 2 @#&i%%ﬁﬁﬁﬁﬂﬁ%ﬁs%ﬁ)r%ﬁ%??ﬁﬁ%ﬁ Eﬁeeeﬁgfhﬁgeaﬁgﬁiﬁﬁ/Eﬁpethe
embodi ment . a%gg‘ﬂséxfé’. stiep dhald %&&?ﬂﬁ%ﬁorwﬂé’& £EEQr g%f%%’k‘i{é‘%éé) the

density step ttern generating neans 1) "I's"arrang place of the
coefficient to pe recorded on a recording medium 20 upon selective

scanning of a carriage having recording heads 201C,
201y, 201Y, and 201BK in directions indicated by arrows
A and B, a test pattern is recorded by each recording
héad every scanning cycle of the carriage 203. After
the reading line sensor 232 reads the test pattern
recorded on the recording 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
pattern recorded on the recording medium by each
recording head in units of colors, the capacity of the
RAM 219 for storing the test pattern read data can be
reduced to 1/4, thereby further simplifying the
structure of the apparatus.

Fig. 51 schematically shows the tenth embodiment
obtained by applying the present invention to a serial
printer type apparatus. In this embodiment, a test
pattern recording unit for causing a recording head to
record a test pattern and an uneven image density

correction unit 237 constituted by a test pattern



i ndication neans 180 in Fig. 34. Fig. 54 shows an uneven correction table.
In this enbodi nent, the unevenness correction table has a 23SEPFEIEMBERT999
different correction curves in a 25 SEPTEMBER 1999 - 98 relationship

bet ween the input imge density and the print duty. Correction curves are
selected in accordance wth unevenpess correction signals 130C to 130BK
A correction curve having a print‘d%?y‘ coinciding with the print duty
obtai ned by an even density characteristic detection operation at a
predeterm ned input imge density is selected to correct an inage signa
(to be described later). Unevenness correction RAVMS 129C to 129BK store

sel ection signals of .correctiQn curve cessary. Jdads unevenness
val ues of f%%dhrégdg.nl%blaé:e sélﬁel'(‘?inﬁegalq%y?&t%ée %’Ele\li;en%ﬁeesspr%gorrelct on RAMs
129C to 12 store correction signals respectively corresponding to the

plurality of correction curves, the nunber of correction signals being

equal to the nupben;Qf HiddiGhe UNMEHINGS SukeveACt nalyesicutad 5c$30C to
130BK are output in synchronismwth the input inmage signals. Signhals 123C

to 123BK ugeyeansgsthel teEtehdtitedda £t L6l 0BeduareRsa andet by the
unevenness correction signals are input to gradation correction tables

130C to 13pBKtefhe igr adaidrded il acttsddstpastetn trhedrekosy asleeeorrect ed,
and the corrected signals are output. The resultant signals are binarized
by binari 2Bhgofi acuiets: RtEdm b3HBKrdihe bhihsr Pysiegedl ssecording

head, the test pattern recording sheet 213 is conveyed

to the uneven image density reading unit.

As described above, 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
value of the unevenness correction data, thereby
obtaining a sufficient unevenness correction effect for
an image having any image density.

The eleventh embodiment of the present invention
will be described with rgference to Figs. 52A and 52B.
The same reference numerals as in Fig. 18 denote the
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 processing,
appropriately drives the recording head, and forms a
test pattern whose density is changed 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



then drive the heads 1C to 1BK through head drivers, thereby formng a
color image. 25 SEPTEMBER 1999 - 99 Fig. 55 shows an unevedhSERTEMBER1998n
processi ng sequence of this enbodinent. Steps S1 to S9 in Fig. 55 are the
sane as steps S1 to S9 in Fig. 36, and a detailed description thereof wll
be omtted. Wien injection stabiliz rBg processing in step S9 is conpleted,
predeterm ned patterns are recorded by the recording heads 1Cto 1BK in
step S11 (to be described in detail later), and uneven imge densities

are read fromthese test patterns. Test pattern recording and.uneven inage
density reading will be described with reference to a timng chart in Fig.
42. Fig. 428Ys3% RiyEabityarf dab®i ngcandegerat ithre ofecartvbimppeedius of

t his enbodi nent. An uneven image density correction processing sequence is
started at ¥+ Aot iméereedr rag Aaahupr: fiiseconveyterrnatinelyi nage
recording area at_.a timng b upon conpletion of the above processing. The
mai n scanni g Smetorm§ uﬂ?i%éndﬁﬁlae?iﬁﬁng S?t?HBQﬁWRRﬂﬂifé%tt¢@mn§am
magent a, yellow, _and blaq§ ecording heads 1C, 1M 1Y, and 1BK are driven
at tinings d° & TEXHIYR COhnGOrRE TeBEEFERRS NG SOt oSN gtrR heer ecor di ng
medium 2. T t. patterns are_used for readi ng uneven i nmage

densiti es. Efﬁf%ﬁ%$ fﬁg,éaYTlgh%ra?adients of the characteristic curves of

the unevenness cgy ety ?lat{gp{%_e%gaemggﬁst 90?(3 1.0420d No unevenness

correction 1Is perforrre . In this case, a uniform héjlsftone pattern
pattern which is formed on a recording medium 1002 with
a recording head 1001 and the density of which is
changed stepwise so as to correct the uneven image
density. The read means 1014 includes -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 density correcting means
1020 corrects drive conditions of the recording head so
as to suppress the uneven image density in accordance
with density data read from test patterns.

Fig. S52B 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 stores 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.



25 SEPTEMBER 1999 - 100 is used, and a print duty falls within the range
of about 30 to 75% When the test patterns are recorded on IsSISEPTEMBER 1999
medi um 2 by the recording heads, inks injected fromthe recordi ng heads
may not be inmediately absorbed on recordi ng nedia depending on their
types, and uneven inage densities of -tbg t.est patterns recorded on the
recording medium 2 are not imediately stabilized. In this enbodi nent,
until the uneven inage density of the test pattern recorded by each
recording head is stabilized, conveyance of the recording sheet is kept
stopped for a predeterm ned period of time upon conpletion of recording of
the test patterns Bherhe pmiowr duy hefids standatrd patiflicealsegihenuneven
imge density reading unit 14 to read the uneven inage density of the
test pattern @§t89¥s1Fhen mnreu®nding teens hoyuhevee fiimege aendi$y. of each
test pattern is stabilized, the recording nediumis conveyed at a timng
i . Wien the CIPaPFéGtiSacHdsl S ensely nbS upPE, oftre cit@idiedy akdilen i s

st opped. The r%adin sensor 17 is driven ft atimng j, and the uneven

i mge density?°8F% K&E é{é{tifo‘at e $%2TREE or FRETCTRES &N GXifikeRen

i mge densiti of .t.he M Y, .and BK col or_conponents , are read at tim ngs
k, Q and m ?égpeog;t‘la\?}e W9 S AR e BF ‘?h?gl@??bgd‘itﬁ‘elﬂf R RN Sper at ed

In accordance i bl ;e I#YNGNAM: AP L a1 e§3ac23 TR BRR 4299
of 58%. This phenomenon causes an uneven 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 memory
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 supplies 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,



- 101 Unevenness reading is performed in step S15 of Fig. 55 after fixing
stabilization is conpleted. That 1is, unevenness val ues are 258EPTEMBER [h299
test patterns of the respective col or conponents, and unevenness

correction data for the respective heads are rewitten. In this enbodi nent,
t he unevenness readi ng sensor 71 go?prLses a single sensor. Read outputs
froma sensor vary depending on different colors. In this enbodinent, a
rati o of sensor outputs of the respective colors is predetermned as in
the sixth enbodinent. A reciprocal value of this ratiois multiplied with
a sensor output under the control of the CPU 101 at the tinme of unevenness

readi ng, thandbyhepdnayfan SIgREEVERDEESLEL! L €I edr@esidpndiasts ehet he
resul tant product. The sensor output need not be perforned by an

arithmeti c opevenin@ss rcdiweGPlbd Odalblés nhg20¢e 1pamM, ol i marad circui t
connected to the input of the CPU 101. Wien the A/ D converter 127

conpri ses, &2@Bk dor gdy tindIhdenves t@gradahiont potrreaitieroftaakds col or

must be converted into 8-bit digital data of the dynamc range. This is
very effect+98Cada AsIOBk chnd ebBEC ite ¥3Bk)ti oFhef eviem denb iy a of each
color due to the same reason as described with reference to Figs. 44, 45A
and 45B. 25CBEFREMSIR sivigy detgptoynklehhedBdcEheeedn is performed in

step S17 of . . . . . .
density-correction parameter arithmetic operation unit

1121B can be realized as functions of the CPU 101. The
signal selector 1193 can also be realized as a function
of the CPU 101, i.e., as a function 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 interpolation.

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
means 1191) is arranged in place of the coefficient
indication means 180 in Fig. 34.

Fig. 54 shows an uneven correction table. In this
embodiment, the unevenness correction table has a

plurality of different correction curves in a



Fig. 55 on the basis of the above operations. Mdre specifically, signals
are sanpled fromthe unevenness-free signals. In this case,25tSEPTIMBER 1949
signals corresponds to the nunber of orifices. The sanpled data are
defined as data respectively correiponding to the orifices. For exanple,
these data are defined as Rl, Rz," .28 = RN (N is the nunber of orifices)
and are tenporarily stored in the RAM 119. The foll ow ng operation is
performed by the CPU 101. These data are processed and converted into
density signals as follows: C, = -l10g(RR/Ro) where Ra is the constant

a1, SO LUERN TS Beonaplir s i LR Shal

correcting an uneven ensi a Gensity step

pattern oyl ng. ned oy dukles ol 40%..50; il ohcdgeshonn in Fig. S6A in

detail. Thi's ty step pattern is rea _ ereading unit 14, and is
converted iJd&tdencdensthy uibgBahesds d&rxeeed?’d{%ngB&EiﬁéiQ?@sth't% density

signal is corrected by the arrangenent in Fig. | principle and by the

arrangenenty S0 i A Eb8red3ibA cREkIe! he&ridd) 4 pSigenshty step pattern, if
the injection characteristics of the Norifices are uniform a halftone

pattern carcdén®bihgedidi adhenpkohm duage ot SEREEMHRaA98%en 103 free |

from unevenness. However, an uneven inmage density caused by variations in

i nj ecti on cletsictercbarastesistic 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 store

selection signals of correction curves necessary for
correcting unevenness values of the heads. More
specifically, the unevenness correction RAMs 129C to
129BK store correction signals respectively
correéponding 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
cor:ection signals are input to gradation correction
tables 130C to 130BK. The gradation characteristics of
the heads are corrected, and the corrected signals are
output. The resultant signals are binarized by
binarizing circuits 131C to 131BK. The binary signals

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

thereby forming a color image.



generally obtained in accordance with an array of N orifices, as shown in
Fig. 56B. In the unevenness shown in Fig. 56B, a high densi2s\SEPTEMBER 1999
near an orifice A, and a mninmumdensity is obtained near an orifice B.
The average density of a recorded imge at a print duty of 50%is
generally 0.55. An even density charaﬁéeristic detection operation having
a density of 0.55 is perforned fronit fead density signals. That 1is, 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 Fig. 56C. An orifice located near the orifice A having the

maxi mum density | Sehigind s QS Andb AL Le JubY-OLes SR AUl 1 {1 ce

| ocated near the orifice B havin € m ni num enS| oun set

at a print dUE¥ u8hcad¥s | '?x té“(fznr.gslilﬂtly tfor%é’éggpéf £Q3gn ;3N 1’%9%5

si gnal de5|gnat S a recor rint utles 0

hal ft one pattgggstﬁgr@%§ﬁp@glgiéégtgyatde§@e§ﬁlyg or hgi,capgaze determ ned
in accordance with the even density characterlstlc shown i n Fig. 56C. Wen

the even densiéyachedaceidsigtio ®wagteoprviitendessmitieed . above, i.e.,
when a print duty for realizing a density of 0.55 for each orifice is 25

SEPTEMBER 1999 - l@henolimgjewarddy stalelVkie degqsptycebalagt éni sttiep & ection

arithnetic operation, an even density correction paraneter of each orifice

is arithneticakl govgletest,epredetermined patterns are recorded by
the recording heads 1C to 1BK in step S1l1 (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
describéd 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 processin§ sequence is started at a
timing a. The recording medium 2 is conveyed to the
image recording area at a timing b upon completion 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 patterns are used for reading uneven image
densities. At this time, all the gradients of the
characteristic 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



In this arithmetic operation, an optinmal correction curve for each orifice
is selected froma correction curve shown in Fig. 35 in acQsSEPTEMBER 0999
the following nethod. A correction curve having a print duty coinciding
with that corresponding to the density of 0.55 obtained in the even
density characteristic detection actiifpgeLi c operation is selected. For
exanpl e, correction curves A and Bin 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 paraneter nmenory 1129 (Fig. 52B) in

units of orifice nunbers. Mre specifically, the correction curves stored
in the unevehfe¥sesor rravt iorprimbl @stg22€lle L22RK nardec atgrik toFf cor respond
to the orifice nunbers in the unevenness correction RAMs 129C to 129Bk
shown in Fi g2P99ti 30urtia J5%. orifice nunbers, thereby setting the
correction curves. The correction may be perforned every predeterm ned
number of orifice¥hen ¢he tesfmipatbérnerateceegpudps. om tha s case, test
pattern readi e performed in units of groups. After determ nation

step S19 in EEE?r é“ﬂgmﬁﬁiﬁﬂeﬁekw the resergangehmredsre imdsor ded again
wth the recording heads in accordance with correction data. 25 SEPTEMBER
1999 - 105 .*Hénggg PEATrme reRorERtNByneads rBeyr BPvg bfeads are read by
| mage densi 5 RS BARI T P A FETeP AP B eedia” HopsRaAT PR ompl ot
the uneven 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 aensity of each test pattern 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 i, and the uneven image density

of the C test pattern is performed. Thereafter, uneven

image densities of the M, Y, and BK color components

are read at timings k, ¢, and m, respectively.

The apparatus of this embodiment may be operated

in accordance with the timing chart shown in Fig. 43.



i mge density correction operation. By single processing for each recording
medium recording of test patterns with each recordi ng headsssgpaEMBER 1999
of tinmes, reading by neans of the uneven inage density reading unit 14,
and uneven density correction data cal cul ati ons can be automatically
repeat ed. Uneven image density correck@bn-precision of each recording head
can be inproved even if this recording head cannot perform satisfactory
unevenness correction by one cycle. Atotal correction tine can be
shortened. According to the uneven inage density correction operations

based on test pat{gePeRhiAll and readin of this enbodi nent, since
correction is perforngdhcl?%ts {}%éa yas] sl%fp‘:%rﬁ‘?ﬁ?"égi i ste@essis ywhatterns,

sufficientl yragecusat grupeven ,i; ity correction can be perfornmed by
a single cycle or a few cyc{léaslrﬁgg&tdaeg}\z%%?%ﬂ?@ bF parPderedeadiThptand

correction. ¥sg.uddvehaussanatier i t atfern shown in Figs. 56A
and 56B. The value of this step%psa%?[gnltélalés fﬁ%’ﬁeﬁé@dtﬁﬁtelpéﬁéﬁ@seps every

10% from theeprime respyceli va%ba drhedad y 100% Correction curves
of all the orifices are set to be three dng}eg%gérE YB8YSRNPEFE  densities

of 0.25, 0.XORFRFUioN| datacabdaree Weldhelt i RY &b S90S ragteristic
detection arithnetic operation. Accofﬁﬁ%g to the regu%%énggcgﬁﬁg i‘on

paranet ers, accurki etizbs r embodamean ,beheeninyvarthdds aredii 884" 3098 OM a
| ow region tQ nmedi um and high density

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 unevenness 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 circuit 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 very effective against a decrease in
resolution of the read data of each color due to the
sameé reason as described with reference to Figs. 44

4

457 and 45B.



regi ons, thereby obtaining a high-quality imge. Uneven inage density
correction of each enbodi nent described above has been des5iSERTEMBER 1999
reference to an ink-jet recording head. However, correction can be
simlarly performed for a thermal recording head using thermal paper. This
wi Il be described as the twelfth gngggjqent with reference to Figs. 58A to
58C. Images having a print duty of 100% are output as three density step
patterns at three pulse widths of 0.7, 0.9, and 1.1 nsec, and test
patterns are simlarly obtained as in Fig. 26A. A density distribution
obtai ned by reading these test patterns is shown in Fig. 58A. Aresult

obtained in an evgnedenabk¥ cpRaLALLIGH Sid GdetSrhe®Ni AT kEBERELG @geration
for a density of 0.6 on the basis of the density distribution of Fig. 58A

is shown in Fg. §$8BonAthar baeliis0B fCHMEL aHA op&Ps €568A61 NgMeren density
correction paraneters obtained on the basis of the pulse widths in units

of heating £p&SEPL&alh3i BEgnAY st Aire Adnigled | Eropethéion is shown in
Fig. 58C. As described above, according to this enbodinment, a test pattern
havi ng di ff eligetednasstfesecBagpads25 SEPTEMBER 4999 théOrRumbeepwifse i s
formed, and a drive condition given for. every recording el enment or every
pr edet er m nesligmabsr coorespoaddi tg ¢henenthemhdLhoxbfieepend¥hieo a
predet erm ned density, can be determ ned by a snmaller nunber of pattern
prints and deampledndaper areodefingdnas drta ce?pePLlEREHents are driven

at the time of , L
corresponding to the orifices. For example, these data

are defined as R,, R;,..., Ry (N is the number of
orifices) and are temporarily stored in the RAM 1189.
The following operation is performed by the CPU 101l.

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

C, = -log(R,/Ry)
where R, is the constant satisfying condition Ry 2 Ry; 1
< n £ N.

A test pattern © for correcting an uneven image
density, as shown in Fig. 40, is a density step pattern
having print duties of 40%, 50%, and 60%, as shown 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 arrangement 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



i mage formation on the basis of the determnation results, accurate uneven
i mage density correction can be perfornmed within a short. peysSEPTEMBERR999
The thirteenth enbodi nent of the present invention wll be described with
reference to Fig. 59. The sane reference nunerals as in Fig. 18 denote the
sane parts in Fig. 59, and a detai |3 description thereof will be

omtted. A read neans 1014 reads a color original and outputs color
signals subjected to recording. The read mneans 1014 includes a |ight
source for emtting light onto a surface of a recording nmedium and a
sensor for receiving light reflected by the surface of the recording

nmedi um An GRE9ed TOFa YR YEIQSE corfRE¥eVeR, ABansevero igdaeedensesr di ng
head drive conditions in  the recordjng node in accordance w th uneven

i rage  densfFER&edr £¥d VXGRS phR t ¥R A8C tACROKHR @GS i Shelhs 1017
per forns apgrogriﬁhf iPrnecE%qn of the col or sk%pals out put {;ﬁwnthe read
means 1014. PR 2rd¥n@P TR g hReCOEA2BELpUL ty 8B A YeS%orN correcti on
means 1017 is.%ug%lied to .25 SEPTﬁyBER %859 - .10 recordi nqg heads 1001. A
control nmeaRE*t15ESrafSe SN Wit corPBeti 4R FESSPRYPA RS SHerform

different  SABLACLEORPEratd O dilg BORERL, 0 LOLAAl, IRaG dpacy Mode and

a test pattern read no n t he ‘above an oW n the read

means is arpangeeeah Al AP YR SOMIGCIERE 1kYRIS A iR RiedPrdred.
However, an appropri ate neans except for
orifice B.

The average density of a recorded image at a print
duty of 50% is generally 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
Fig. 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 near the orifice B having
the minimum density is found to be set at a print duty
of 58%. In 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 accordance with
the even density characteristic shown in Fig. 56C.

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

realizing a density of 0.55 for each orifice is



the read neans may be arranged. Fig. 60 shows a schematic arrangenent of an
image form ng apparatus having a recording unit constituteds $SBPEERMBBER-1p%t
recordi ng apparatus according to the thirteenth enbodi nent of the present
invention. The sane reference nuneralﬁ 33 in the sixth enbodi nrent of Fig.
19 denote the sane parts in Fig. 60, a % - detail ed description thereof
will be omtted. An inage reading unit 14 is arranged integrally wth or
separately froma recordi ng apparatus. The inage reading unit 14 is used
to read an original inage in a normal copying node and a test pattern in

an even densibyt89hbaCHORMERL AdRAMH NN, -S6208L0Y qBReRARL3M 15

scans the reading unit 14. These conponents w !l be described in detai

with referenceariehhiedictbpetatitRye af RERASS I dehsDt]y érpeeeesses the read
i mage data (to be describe& in detail with reference to Fig. 63). In

uneven i nage deasaingte@r o&C daam, dtﬁﬁﬂaﬁ%ﬂééaﬁ&imﬁ@ﬂichalgngaue&uaﬁ@HLernS
may be read by the 25 SEPTEMBER 1999 - 109 reading unit 14, or test

patterns are fbnnmedienariehmedtiing opediaz isiror eth | peinaisebkeedBionhn t he
| atter case, a pickup roller 39 is rotated in a direction of an arrow F
as in the nornatrvecdrdi egamde itfd cleedd tdwlegradr fiioy aedburmeztdoho a
conveyor belt 40. Upon rotation of rollers 41, the recording nedium2 is
conveyed toget @ervér showme idoMigyoBShdin ardrdancei withi theoffoddomimgw E
At this tinme, each recording
method A correction curve having a print duty
coinciding 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 129C
to 129Bk shown in Fig. 53 in units of orifice numbers,
thereby setting the correction curves.
The correction may be performed every
predetermined number of orifices, i.e., in units of
orifice groups. In this case, test pattern reading may
be performed in units of groups.
After determination step S19 in Fig. 55 is

completed, the test patterns are recorded again with

the recording heads in accordance with correction data.



head is driven to record each test pattern on the recording nedium2. The
recordi ng medi umon which the test patterns are recorded i S5EEPTEMBER 1999
onto a tray 43. Thereafter, the recording nediumon which the test

patterns are recorded is set in the reading unit 14, and the test patterns
recorded on the recording medium arel@8ad by a readi ng sensor or the like.
Fig. 61 shows a structure of the reading unit and its scanning mechani sm
of this enbodinent. A transparent glass plate or the like is placed on a
scanni ng portion of a reading head 60. An original faces dowward and is

pl aced on th%BEr%%%Qgég t. gl ass é&;ﬁ;@ so that an inmage on the original 2

can be read "by thé Tt Thedd® PﬁlﬁE?rﬁﬁ&?ﬁ%%ﬂ%;%ﬁﬁiﬁ i?e o1
di head [ h osition of the reading ead, in Fig. 61
Eg?elpgnge?orggg.% 1?$§hgnﬁ%éﬂ}ﬁﬁmﬂﬁidd%BsFEYsFﬁéd%ﬂgnﬁf%ﬁ[kﬂra@#lQU|de

I1s 61 ande8laali,h PTEMBER 1999 - .110 image., The reading
ngdSGO coon?sgglg#¥¥§%ﬁ%§%%#%%?ﬂﬁ%ﬂﬁ?%nngaﬁFYé&ﬁﬁﬁ?Q%&°Qi¢%#%-63 for

Such a0 a 00D, - Sad PRE e R BERFELEE, o chRBIEES R sieten ot ne
i ght - sour ce1hidgandehise cypelaAlaGldd GoseoavEeLal on el eent and transmits
i mmge signals and the |ike fromthe photoelectric conversion elenents.
The readi ng head 8¢ kinkiléeprozers iy ferfOLE8R 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. Unéven image density correction precision of

each recording head can be improved even if this

recording head cannot perform satisfactory unevenness

corréction 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 correction.

Fig. 57 shows another density step pattern shown

in Figs. 56A and 56B. The value 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



transm ssion portion 65 such as a wire of a main scanning direction (G and
H directions) perpendicular to a recording nedium convey di2seSEPTEMBER 4999
driving force transm ssion portion 65 of the main scanning direction is

| ooped between pulleys 66 and 66' and is noved upon rotation of a main
scanni ng pul se notor 67. Upon rotatit8A of a main scanning pul se notor 67
ina direction of an arrow |, the reading head 60 is noved in the
direction of the arrow G and reads inage line information in a direction
perpendi cular to the main scanning direction of the arrow Gin units of

bits correspeGidgd Q4 otgelectri.c_canversion el ement group. \Wen
the imge is read by a.%pgdg érgfhédaﬂfdﬂh? Lh@Sragdansgivhgh pahse not or

67 is rotat esrenN dendlig£Cth L Lie .tg that .of the arrow|. At this
tinme, the reading head 1’6330 i sPerlrggggE%%%theg‘leFéd‘ﬂ“or?Iaftml%%rrow H and
return to tbeeraitdic. oradedE POST £L0Phe22, SERTEMBER 1999 -. 111 Carri ages
38 an;:l. 68 gre fnl id al o%cg;ﬂ- de tai EEE%S ;Sgéilg@}%% r"’l"ozf."-S‘E'Li:bt;'llsci:'}atnnic n?h( F)

i recti on apawsine yzargpe M et @otPeciB) nRi_n ectipn o e
arrow G The carriage 68 is fixedoto gegr?v?%g ?grg’é&lt{o TShi i dn portion
72 for the wibdescamyenfrdn a didwCié@loRUEH ASqILW L& d d ween
pulleys 71 and 711. Upon conp!etingof mai n scgﬁwzﬁgdégﬂﬁiaéﬁﬁ?%§y7l
rotated by &egabnscaruhienteldr iob i vng C& ﬁﬂ@h—éﬂ&%@ky iﬂ&ﬁeﬁs a pul se or
servo notor in the direction of the

Uneven image density correction of each embodiment

S

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 desé¢ribed as the twelfth
embodiment with reference to Figs. S8A to 58C.

Images having a print 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 correction 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,

a4 test pattern having different densities changed



arrow H and is noved by a predeterm ned distance (i.e., a distance d equal
to the reading image width in the nmain scanning G directi oms. SEFTEMBER 1999
carriages 68 and 68 are sub-scanned in the direction of the arrow F and
are stopped. At this position, main scanning Gis started again. The
original inmage can be entirely read lgy7 +4epeating 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 sensor conprises a full-line sensor, a mechani sm associ at ed
with main SEABRWLAG d¢&n deomed ttead Addrirgecsngbakionegd vieroniaeach t est
pattern is sent to an image formng unit and is subjected to 25 SEPTEMBER
1999 - 112 ©YREYr §RF§TRdaW @liementomi! t$WRryopredeteminedaungsseri bed

| ater). Scanning of the reading head having the structure shown in Fig. 61
wi Il be destfi PRECKELSE. cAempnsar i hdd Abwesrespopdbssomdtor 67 is driven
to scan the reading ynit, 14, i.e., the reading head 60, fixed to the wire
connect ed t%r?%ﬁtﬁgW§€eﬁoﬂﬁnﬁﬁtX4u$a%k9%n4&F?€WbéegrHﬁs#i§ﬂ%ﬁi?ﬁwtion 65

h tin It .in the mai ing directi f th G
Thorcby catiiRoFn8T, BAStEF ST er ¢ T JEF Hhe™ RHgER 8RS ed on ¢ he

origi nal 2-si9céh£ﬁeegg%®fgyng é%gﬂééégaJ%ggfrfyégrag7th% %&me of
image formation on the basis of the determination
results, accurate uneven 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
outputs 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 means 1017 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



be driven by a control circuit (not shown) to convey a control circuit

(not shown), the pulse notor 67 drives the reading unit CcOMSEEBFEMBRRANI%A
frequency different fromthe resonance frequency of the reading unit
convey system as described with reference to Figs. 31 to 32C. In this
enbodi ment, the reading unit 14 is df?®%en at a frequency fl except for the
resonance frequency of the reading unit convey systemto read the inage at
a constant read speed v, thereby accurately reading the imge w thout
receiving influences of vibrations of the convey system The control

t f ot havi h b t coupling the abb e
component s AecDRER el Ry 100 L "0 2 (08 BB iatR S daa Y ERFRH Ehe0S Shove
f: i it t Thi angeng i s the sane as that

o B oI5 RS i et ne RSt £ 7 TR0 S R Wi He il POTE B8 S

S omtted. capddn ekl ek Jepghd PLL Of ndlublie dLSSRESY) Y LaumODER! S W

be omtted. The 1 mage processing unit an € ufnéveéen i mage ° dens

correction godle @hdILPELLESSA i t8aQf mbliks enbodiment will be
descri bed bel ow. Fig. 63 shows an arrangenent of the inmage processing unit

and the uneven i magecriensbdye COid €€61 DowiHGi bmbbRE medd NG HE eyt pUuts R
G and B read signals 302a, 302b, and 302c. These signals are input to a

bl ack of f semeamadiiey axmraregéd ois Can ot p383solitee EoaC K maides alashadhng
correction circuit 303 outputs

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
thirfeenth embodiment of the present invention. The
same reference numerals as in the sixth embodiment of
Fig. 19 denote the same parts 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 mode and a test pattern in an even
density correction mode. A reading unit scanning
mechanism 15 scans the reading unit 14. These
components will be described in detail with reference
to Fig. 61. An image processing unit 27 processes the
read image data (to be described in detail with
reference to Fig. 63).

In uneven image density correction, a separate

original having test patterns may be read by the



signal s 304a, 304b, and 304c. These signals are input to an input nmasking
circuit 305. The input masking circuit 305 outputs signals 3&EPTEMBER 1¢99d
306c. These signals are input to a logarithmc transfornmation circuit

307. The logarithmc transformation circuit 307 outputs signals 308a,

308b, and 308c. These signals are i t_to a black extraction circuit 309.
The bl ack extraction circuit 309 outputs black-extracted C, M Y, and Bk
signals 310a, 310b, 310c, and 310d. These signals are input to a masking
circuit 311. The masking circuit 311 outputs nmasked signals 312a, 312b,
312c, and 312d. These signals are input to ay correction circuit. The y

correction 28a8ERGEMBER 1999 or lddst Cha€tbindlarautrpintedy-rorrected signals
314a, 314b, 314c, and 314d. These signals are input to an unevenness

correction rabbedRaY dkdidi£tored alh ofat&esetBeansar eamftihel PEA02. The
unevenness correction table ROM 315 outputs corrected signals 316a, 316D,
316¢c, and 3d&de, Thepd claiggned Blen €39 npsit rbvatedi har azidigextrican to817. The
binary circuit 317 outputs binary signals 318a, 318b, 318c, and 318d.
These si gnaas areocsupplasdin otloyamrmahgeatardyell mwdeared Hessk thexor di ng
heads 1C, 1M 1Y, and 1Bk through a driving circuit (driver) 112 as drive
si gnal s 320uecg2OingyBrGsliwm® 30k A FAWEPArsbelss 40dat ¥pamd fromt est
patterns. The RAM 322 and an unevenness correction RAM 326 are all ocated
in an area rofratpenrRAaM ryllers 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 driveq to record each test pattern on the
recording medium 2. The recording medium on which the
test patterns are recorded is discharged onto a tray
43.

Thereafter, the recording medium on which 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 original 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



Signal processing in a normal inmage formation node w | be described
bel ow. An inmage of an original read by the reading unit 14 288FEPTEMBEKS1999
and B sensors is converted into R, G and B conponents. These col or
conponents are converted into the digital R G and B signals 302a, 302b,
and 302c by A/D converters (not sowmpp. -These signals are subjected to
bl ack of fset 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 25 SEPTEMBER 1999 - 115
i ncluding the reading unit 14, the above processing operations can be
per fornmed usnaget heSbepkatdingTheadstandampdilsserk goh adsigénalbl ack pl ate
having an optical density of 2.0, and a value A obtained by reading the
standard bl atkupinasips dtighsdspmrgsi 62 ,0f2 gistd 63 Ther fpgngand white
plate is a white plate having an optical density of 0.07. A value B
obt ai ned byc¥&@inad fMagespandaPiommieleHitdice GANERHF &N RLEARNS of pi xel s.
When a val ue obtained by reading an original imge_is . Even giﬁf’ t he
i nput si gna¥5CWP eSEERVEFt 8dChP t REd Eﬁ%ﬂékﬁﬁset-sﬁﬁﬁFHg BoFf 8 circuit
as follows: ~ 5 A%X—A In this, case, ,each output. si ag fromthe bl ack
offset-;had?ﬁ@piFiéuP w§63tPs%§ﬁ g}ﬁﬁﬁ_ﬁ%ﬁﬁﬂélﬁ%i$§§ herraxirrumvalye of
Somsor "ana PREESE1EE.ERE CRRLRYL 1 ORIkl Yo VERRERT c8' shldgel 21 N0

signals and the like from the photoelectric 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 an 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 units of bits

corresponding to the photoelectric conversion element

group.

When the image is read by a predetermined width,
the main scanning pulse motor 67 is rotated in a
direction opposite to that of the 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.



gquantity unevenness in original illumnation. The RR G and B signals
processed as described above are subjected to masking procesSERTEMBER&999
i nput nmasking unit 305. If input signals to the input masking unit 305
are given as R, G and B, and signals output therefromare given as R

G, and B, the followng relatians;pfe_obtained: R = allR + al2G + al7B
G = a2lR + a22G + az3B B = a31R + al2G + a73B 25 SEPTEMBER 1999 - 116 This
processing is perforned to conpensate for an insufficient spectral
sensitivity of the reading sensor and to obtain ideal RR G and B outputs.
By this processing, small arithnetic operation coefficients can be used in
t he maski ng unit Calkiri(@agedes tiesmdi H2d abel el)d ktlong dwivbverailsfédcult to
obtain satisfactory color reproducibility by only input nasking. In this
sense, inpuanda$i@i'ngn 2 @aunkkux¢dnainyg (Pérdirestitme akmagt and B signal s
processed as described above are logarithmcally transforned by the

| ogari t hmi crerpesidirgeidntei thai nado7stanaéogr ddrestign PH ¥®wn net hod,
so that the C, Mand Y density signals_ 308a, 308b, and 308c are output.
These si gnaP&reve Gubj e ctr¥BLAFACRBExiFablingh BP & KEEBTERK EX¥FQction

circuit 309 as follows: Bk = mn(C N%Yl The three dens|t § nal s are
converted i fE&SH§Ssion portion 72 for the su -scannlng F 9

direction such as a wire looped between pulleys 71 and
71'.

Upon 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 reading image width in the
main scanning G direction). The carriages 68 and 68’
are sub-scanned in the direction of the arrow F and are
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 sensor comprises a
full-line sensor, a mechanism associated 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



signals, and these four signals are subjected to masking processing in the
masking circuit 311. if signals input to the masking circui2s SEPTEMBER i1999N
as C, M Y, and Bk, and signals output therefromare given as C, M, Y,
and Bk', the following relations are obtained: C = alllC + a'12M + a' 13Y
+al1l4Bk M = a 21C + a' 22M+ a. 2I1¥ + a' 24Bk Y = a' 31C+ a' 32M+ a'
"Y + a' 34Bk 25 SEPTEMBER 1999 - 117 Bk' = a' 41C + a' 42M + a' 43Y + a
44Bk The above processing is color correction processing. Thereafter, the
signals are subjected to y correction. The y-corrected signals are

subj ected to uneven inmage density correction of the recording heads in

t he unevennessoxadingchead tHalive RAH3ILIS omsicurddetioneyeondes correction
tabl e shown in Fig. 35. The unevenness correcti on. RAM 326 stores

correcti on descrghed| Lateseél.ection signals required to correct unevenness
of the respective heads. More specifically, the unevenness correcti on RAM
326 stores unev@parsingopfetheomegiddngl feachdraibgr tbe whiculetuge r esponds
to the nunmber of orifices _and each of which has 61 values froma val ue of
"0" to a valRFHfinghig. FhewihdybEndes TdhastibekoraM 326 outputs
correction S|gH§Is 327a %o 327d in synchrqQqnismw th gn i, npyt i nage

signal . The sig d8$8L1PEI32BGVRHOoSECUR dUQLOL §f edSy §l8€¥¥ected by

(he stral oo 1106 oehe°kedably LT 119/°01%0S, KL °SlhqTag ABELS &Y 0
fixed to the wire connected to the pulse motor or the
driving force transmission portion 65 such as a timing
belt in the mainlscanning 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 embodiment, the reading unit 14 is driven
at a frequency f, except for the resonance frequency of
the reading unit convey system to read the image at a
constant read speed v, thereby accurately reading the
image without receiving influences of vibrations of the
convey system.

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

be described below.



binarizing circuit 317 using a dither nmethod or an error diffusion nethod.
The binary signals are supplied to the heads 1C to 1BK t hr osEERTIMBER1999
driver to forma color inage. Wien the unevenness correction processing
descri bed above is perforned to decrease a driving energy (e.g., a driving
duty) of an injection energy generatlilah -el enent corresponding to an
orifice of a 25 SEPTEMBER 1999 - 118 high density in the head and to
increase a driving energy of an injection energy generation el enent
corresponding to an orifice of a low density. As a result, the uneven

i mge density of ch r ording head is corrected to obta| auniform ’

i mage. However, \/\,%"Jl %‘K’/griar? R REFRER Y Bgt Fégngl&c ttﬁe heads are

becons i mpr 0B 5 o [’é‘fbf%rnéﬁre eg@‘esr?%ni‘%‘ﬁﬁﬁ%‘ﬁ%é%e A FRRS Sdse. the

unevenness cql geCtjf”excdaét?T% {eé/y(é té Theugﬂ__l 9%‘4”9{391 QRle e%acr% posed
r & 0

by the above rangenen unevers t densiti és

Bk head f
Thi s embodi neve tqHSiRe BIEECE ﬁf@gﬁ“ 5*?‘361%”3%8%?%' oA ter ns
of any col or 5545 &l Pl dlifpbhedis 2061 B 8L0BAkscoi.nce the | mage

denS|ty unevenness i s I cate enonenon, and reading of the uneven

i mage densities Migie bEndes f oFs@Es s hd hahi ghapaeehs QRevERe imagd Y, and Bk
patterns are

density correction unit as preprocessing units of this
embodiment will be described below.

Fig. 63 shows an arrangement of the image
processing unit and the uneven image density correction
unit. The reading unit outputs R, G, and B read
signals 302a, 302b, and 302c. These signals are input
to a black offsete.shading correction circuit 303. The
bladk offset.shading 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
circuit 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
black-extracted C, M, Y, and Bk signals 310a, 310D,
310c, and 310d. These signals are 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



imum S/ N ratios. The input signals to the RAM 322 in
E{Sfeggbgyereggt:}nggxszgh that the spectral senstlV|ty_?fé%§§ﬂg?%§§Eﬁg%w
: i Xiliarily corrected by the input nmasking uni o _
ngfggelio?gr separa?ion characteristics of all the colors ggeségggﬁégg in
the input masking unit 305, it is netlhecessarily nmaximze :  SEPTEMBER
1999 - 119 S/Nratios for the C M Y, and Bk conponents prhnmfth y ,
recording heads. For this reason, unevenness nay notlbe rea e
sufficiently high precision depending on different color conp :

- o ' nness readi ng precision,
maski ng coeff nt ane ,set | Tpr ove unevennes e o 1o
col or reprod%g?gflgpg Pﬁ4phe h&ﬁﬁ% CoPA by avedeinpytbeosaarifice

i i i | oyed in the inmage
I this pr |_owi.ng arrangenent s enp : (
;?o\égssi Ing 5n\??é§%ntéﬁg E%%g\‘?gﬁ&g’é‘s %&Q%@%l?bl@hngGélib@Mﬁ:eﬁﬂ s

in Fig. 63 denote the sane
rangenent . jheas rgkergnc rals as in ( _ _
g;rtsg in Fidt 64.a?ﬁe?his %ase%oﬁgaé@ér, the input masking circuit 305

. in Fig. 65 is enployed
or unevenncss correettan CARE%obSRERLIIEN AHAE Mol L5 opyERRtAOGe o e
subst anti al | yddrecttes Qﬁgﬂ&§§rBQGQ,a§9%%u %Q%é% and 316d. These

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 Ccyan,

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

uneévenness 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 reading unit

14 having R, G, and B sensors is converted into R, G,
and B components. These color components are converted
into the digital R, G, and B signals 302a, 302b, and
302¢c by A/D converters (not sown). These 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



detail ed description thereof will be omtted. In an unevenness correction
data rewiting node, a nmasking coefficient change signal i S25SEE¥EMBERNGID
the CPU 101 to the input masking unit 305 to change the input masking
coefficient (step Si in Fig. 65). In this case, the input masking
coefficients prior to the 25 SEPTENBER 4999 - 120 change are selected to
i nprove average col or separation perfornmance. However, after the change,
the coefficients are selected to nostly increase the SIN ratios for the
C, M and Y conponents printed by the recording heads. The coefficients
all to al} are set to maximze the S/Nratio for reading a cyan pattern.
The coeffici éntdudddly ttheadeadingeini© DRI ﬂméeabbeeSb&.loE@tsisq_,{q)r r eadi ng
a magenta pattern. The coefficients a3l to a33 are set to maximze the S/'N
ratio for reapPmgtdopel lcam pag tmenfotmed hi $ing atResunpliat@shal firene i mages
having a duty of 50% are printed with the correspondi ng heads, as shown
in Fig. 66, tseagasd iblakily.pbBe Referblacktpl&éte. ha6ing Beceptitg edi um
2 has C, M Y, and Bk test patterns TC, TM TY, and TBk. Patterns are
printed on b8eRSét¥eSloR-dl deand raaalue Aiclktained bycheadingpathtesr n.
These side patterns are formed to elimnate influences of reflection on
the backgr oBh@NERTCh RS0k et ke ped THe weibsdPigpieeilem ha&hang
t hese test. gﬁgé rns, i ed on, the reading unit_ to read unevenness

rg.

bl a ] '
(step S5 in 2g8) ¥ é‘sé’cltaefs% Patd errstarkl2eadhairg eRe 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 offset-shading correction circuit as follows:

255
B -2

(X - A)

In this case, each output signal from the black
offset+shading 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 as R’, G’, and B’, the
following relations are obtained:

R’ = a; )R + a,,G + a;;B

G’ = a; R + a,,G + a,B



reading head 60 in Fig. 61 is noved in a direction of an arrow Ain Fig.
66. The read signals are subjected to input masking processEEPTEMBER 1999
accordance with the changed masking coefficients. The masked signals are
then 25 SEPTEMBER 1999 - 121 |logarithmcally transforned, and the
resultant signals are tenporarily stqned in the RAM322. O all the color
test pattern data, data of central portions are extracted and serve as
uneven i mage density data of the respective heads. The cyan data 308a
obt ai ned upon reading of the pattern TCis used as cyan head unevenness
data, the nmagenta data 308b obtai ned upon reading of the pattern TMis

used as the magent@hlﬂga?rga@é%&m@sisﬂeﬁe%f%ﬁ’edh@o yéhpensdaka £3@8an
obt ai ned upon reading of the pattern TY is used as yell ow head unevenness

data. Since ainswffieient Sphdtaialo LMk ibei wbtywi aedeher rabiingl senssirgnal s
with the black head, no arithnetic operation is perforned to forma bl ack
signal in thisnénbodobeatin iflealrage@ a ded aB IDBbpobsai nBy thds readi ng of
the pattern TBK is used as bl ack head unevenness data. Unevenness
correction i sppecéssind,i smatldp aSA wimetH g. opSra Signateelifichgnitise aaumber
corresponding to the nunber (N) of orifices are sanpled fromthe

| ogarithm calbg uwsedsior the siagkdngg woikt r2bli hgoobe dasgribegage
densities, and the sanpled signals serve as density data corresponding to
orifices and BeEOW3ubj &t &6 t RaNRKARIN kst EbPr bt FOncBRatRe basis of the

satisfactory color reproducibility 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 density
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,Y)

The three density signals are converted into four
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 therefrom are given

as C’, M', Y’', and Bk’, the following relations are

obtained:
C’ =a' |C+ a’" )M+ a’'u Y + a’,Bk
M’ = a’,;C + a’y,,M + a’,Y + a’yBk
Y’ = a’'y3C + a‘y;M + a’3Y + a’4Bk



data stored in the RAM 322. |If N data of the read cyan heads are
represented by Cn (1 <- n <- N), an average density is cal C6SEPFEMBER 1999
foll ows: 25 SEPTEMBER 1999 - 122 t Cn/N n-1 Subsequently, an aberration
of a density corresponding to each orifice fromthe average density is
calculated as follows: ACn = C/ Cn_Ajsirgnal correction quantity (AS)n
corresponding to (ACn is calculated as follows: ASn = A x ACn where Ais
the coefficient determ ned by head gradation characteristics. A selection
signal for a correction straight line to be selected in accordance with
ASn is obtained to store unevenness correction signals having the nunber
equal to the nunBkr efaogd itces gondremtfiYhavengBxal ues of "0" to "60" in
t he unevenness correction RAM 326. The y straight |ines having different
values in units Thé abbiecesoressitlediseddlbncanrceaectomi th the generated

unevenness correction data 327a to 327d, thereby correcting the uneven
| mage densipresesasilngr ewTheireg fitlee ,urdnee miegm Ioraeetswbjdatad Eoe ysane
processi ng as descri bed above is simlarly performed for magenta, yellow,
and bl ack conpeathes. | Fhet gpcs8IreictRidy.si@falsharapstbjaskedgto

uneven image density correction of the recording heads

in the unevenness correction 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 unevenriess correction RAM 326 stores

unevenness correction signals, the number of which

corresponds 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 signals 316a to 316d whose unevenness

states are corrected by the straight line selected by

the unevenness correction signals 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 correction 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



coefficients are returned to those in the normal copying node, and this
sequence i s ended. 25 SEPTEMBER 1999 - 123 In this enbodi "esiSEPTEMEBER 189
i nput masking coefficients at the time of unevenness reading are

rewitten to maximze the S/N ratios obtained upon reading of the cyan,
magenta, yellow, and black conponentgipri-nted with the correspondi ng
recording heads, highly efficient unevenness reading and correction can
be perforned. In the above description, injection stabilization of the
recordi ng heads prior to recording of test patterns, appropriate head
tenperature adjustnent by, e.g.,-the tenperature adjustnent unit 113,
printing of heppt opemadeypant shasheaddang st iimereasw c? ydpi¥éagsi ng using
an ink supply/circulating systemunit 7 are preferable because test
patterns are anaxFyedf vRRhinfectépni ARLIEAIGRNANS Bi9R S SPMEAE heads of the
normal recordi ng nodes, Therefore, accurate unevenness, correction can be
real i zed. Us€Qfresperdiagngonasi amiiceasife & doW FRFbtEnd ASeddi ng test
patterns, the change in print duty in accordance with types of recording
medi a, and t H®SEHangehenUReNENndMrgRgEeRSd b Sleredfe F%CQEG&PQt@ﬁfd
perform unevenness corre In.additiqn, an operation for recordi ng test

tion.
patterns at t%ﬁ)?ﬁrﬁ%?gengﬁtOQGFFQSaaHEL LGRS he HRBPVEEri 6hSTata to

obtain final cgorrection .data, and_.sel ection for_pri,ntin S atterns in
an enphasizemghe uneven ‘image %ensxiy pa%terns of THe h&a&S gr%

changed during 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 uneven 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
output the R, G, and B signals. Since 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 patterns are
preferably read at maximum S/N ratios.

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

input masking unit 305, it is not necessarily maximize



density region to be corrected are also preferable. 25 SEPTEMBER 1999 - 124
Furthernore, color correction processing conditions of all 25[SEPFEMBER1999
col ors need not be changed. Conditions of one or two specific or selected.
colors may be changed. In addition, two or nore conditions described

above may be conbined. As describetd Bbdve, tenperature adjustnent may be
controlled in the sane manner as described with reference to Figs. 38 to
39C. An injection stabilization operation by recovery processing is
performed in the same manner as described above due to the follow ng

reason. Whe I ! he IS sgt in a_state wherein the recording
head does %({:Nh%aa\fg'%gs(r)?fn%!{g the cht i%h fha‘?"é‘ét @ii SPMPONGRE St PEENGSY  of dust
and bubbl es When A, i d ity,.correction is perforned,

f ai t hf ul hegga(r:tﬁlaer acteris f@sﬂ%évﬁ&f né%ésdgﬁgisfjines)mr‘?é’f%s%e

recogni zed. mike nlbau Qggﬁ?i§$¥¥- p nt._invention wll be
descri bed brgl (?\?vn Fi gw@?;é%ls a ocC &%%?%ﬁquh%\%gﬁgbfﬁglf&ﬁﬁ eenth

embodi ment . dEpenaamy [H &SNS IR S AohBohbcs04 1l9R0Le L he same

parts in Fig. 67. In this enbodi nent, unevenhess signals of the respective
heads inputabply RéMadZass evidddil SigHRlS iRpda, t312Re RAzc.3and 312d

froma masking circuit 311. In the normal recordi ng node, coefficients of
the maski ngecivecaist 3ttt Feda tun @A 2d NE YR 888 MAERANG unit
311.

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

To solve this problem, the following arrangement
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 aj,. A sequence
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 omitted.

In an unevenness correction data rewriting mode, a
masking coefficient change signal 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



25 SEPTEMBER 1999 - 125 reproducibility for all color conmponents. However,
in the unevenness correction data rewiting node, the coeffs5iSEPEMBER £999
set to maxim ze the SINratios for the cyan, magenta, yellow, and bl ack
conponents recorded w th the corresponding recording heads. That is, of
all the masking coefficients describeg above, the coefficients a' it to a
14 are set to maximze an S/IN ratio on reading of the cyan pattern. The
coefficients a'21 to a'24 are set to maximze an S/N ratio upon readi ng of
the magenta pattern. The coefficients a'31 to a'34 are set to naxini ze an
S/N ratio upon reading of the yellow pattern. The coefficients a'41 to

The same of (A8 Foet RetPRP et SR, R BRb A ad, oL doRER<Roh P

The sanme effect as in the irteent e ob t he

above set up.ods forfiints.a hbRekedi AUFRBSHAY R | ifgenth  enbodi ment

of the present invention. e sane reference nunerals as in Fig. 64 denote

the same pardSefficfefts68rel BelBe bl kEHIE ARPAH BRI se 3Enb NG/l ME OF
head unevenness data reading in the unevenness correction data rewiting

node, nmasked&t o€l soBleRet 0,347danley tehpems igkideed %i%rteget h
enbodinment. At this time, the input nmasking coefficients allT to a33 and
t he maski ng recefdingeneada’.1l to a' 44 are changed in accordance with
signals 329 and 328. 25 SEPTEMBER 1999

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.
Patterns are printed on both sides outside a reading
width d of each test pattern. These side patterns are
formed to eliminate influences of reflection on the
background of the recording medium 2.

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

The read signals are subjected to input masking

processing in accordance with the changed masking

coefficients. The masked signals are then



- 126 Wth the above operation, unevenness reading S/N ratios can be
further increased as conpared with a case wherein either theSEPTEMEER 1999
coefficients all to a33 or the nasking coefficients a' 11 to a' 44 are
changed. The follow ng processing can be perforned using an arrangenent
identical to that of Fig. 68. In theif2if teenth enbodi nent, the masking
coefficients which influence the SSNratios of the cyan head are 13
maski ng coefficients, i.e., all to a33, and a' 11, a' 12, a' 13, and a' 14-
O these coefficients, the nine coefficients all to a33 influence not only
reading of the cyan conponent but also reading of other three color
conponents. Fpgpsftshaiceldye toveisiicmad s andttherdevditanted ianah®er age
reading SIN ratios of the four color conponents, i.e., not to maximze a
readi ng S/ N 2F8t FEMBPIEF Ltle Stpaieck b dHENtRAY 32 Re sPEt &ddt Fhéhbodi ment
the coefficients all to a33 are also set to naxinizT the S/N ratio of one
col or to obt@PhOF KEGhePaSHRTRGEF2 1 At ¥ EeRhFAL BPREGHATEN R T Swhen
patterns shown in Fig. 66 are to be read, the masking coefficients a' 11 to
B a4 are al VAYEEAFFRE) AN RERYE, AT ARE b AT RSN ALE Yo ARTGeE T RSN 1 s
of colors while th&.i%p%% %%gking coefficients all to a33 are used. Mire
&t o} & 1'g. 68,

specificaIIyFePg? i the coefficient change signal 329 for

i1 toront cootfi cibe SYare B 104 P ] b Spfha g, U =R

pattern TC is used as cyan head unevenness data, the

magenta data 308b obtained upon reading of the pattern
TM is used as the magenta head unevenness data, and the
yvellow data 308c obtained upon reading of the pattern
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 in step S7 of
Fig. 65. Signals having the number corresponding to
the number (N) of orifices are sampled from the
logarithmically transformed signals upon reading of
uneven image densifies, 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 cyan heads are represented
by Cn (1 £ n £ N), an average density is calculated as

follows:



exanple, even if the thirteenth coefficients are set to maximze the S/N
ratio for the cyan color during reading of the cyan conponestSERTIVBER 1999
operation does not influence reading of other color conmponents, thereby
further increasing the SINratio. The present invention is not limted to
the enbodi nent described above. Variggs changes and nodifications nmay be
made w t hout departing the spirit ~art scope of the invention. For exanple,
the present invention is applicable to a serial printer. In this case,
the sane control system and processing sequence as described above can be
enpl oyed, as a matter of course. As described above, according to the
present invention, different color correction processing operations are
preformed in the gorn@l original reading node and the test inage reading
node. Optinmal un Végﬁeg /Pgading can be perforned for test inmges of any
colors with high precision wi thout sacrificing color reproducibility in

the normal copyi ng made.cHha 5ewentas i erdod et deasakdi ng to the

present invention wll "be described in detail with reference to Figs. 69

to 74. Fig. B8rirespdildasly HAANR &rihiceefent eenthaverhgei dentsitAn i mage
reading unit in this enbodinent is the same as that described with

reference toiEi galchldtcoFREEMBER &@D9 - 128 of the thirteenth enbodi nent,
and a detailed description thereof will be omtted.

ACn = C/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 selected in accordance with ASn 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 selectéd in accordance with the
generated unevenness correction data 327a to 3274,
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. 65, the input masking

coefficients are returned to those in the normal

copying mode, and this sequence is ended.



An i mage signal read by the above image reading unit is subjected to color

correction processing such as logarithmc transformation, USREFTEMBER 1999

and col or bal ance adjustnent, the color-corrected i mge signal is

supplied to an inmage formng unit. Fig. 70 shows an image form ng unit

havi ng drop-on-demand type ink-jet_riggrding heads 449. Referring to Fig.
4

70, aroll-like recording materi al iS gripped with a feed roller 443

t hrough convey rollers 441 and 442 and is rotated and fed in a direction
444, Quide rails 446 and 447 are placed <cross the recording material 445,
and a recording head wunit 449 nounted on a carriage 448 is scanned in the

hori zontal directipn. cThg eALLLRAENE48haTaals A mddQMhga49C, and
449BK of four colors, i.e., yellow, "magenta, cyan, and bl ack” Four col or

ink tanks arecosPfnecégest att BReheafe4d3Y urdAMn AP Gre AEin 449 BK,
respectively. Each head has a nulti-nozzle head having 256 nozzles. The

recordi ng mateswaltddh t6 mhRLMLAER! taBt ISy N ot e Yoltd edd dpBnof the
recordi ng heads 449. The recordi ng heads 449 are fed in a direction of an

arrow P whi | ec¢ddingcof dthg oghari abgehda ,i yHKOMw Stappesilagker eby

injecting ink droplets corresponding to an inmage signal. 25 SEPTEMBER 1999

- 129 After ¢dmeponegtsapristedadiahdthel aommsmoiding peoccedingg i S

conpl eted, ink injection corresponding to the image signal is perforned to

forma col or heade, Nhghdy efijgeidensiniesenpfesshereadipegtanad recordi ng
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
appropriéte 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 forming 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 unevenness correction.

In addition, an operation for recording test
patterns at two or more print duties 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.



heads are corrected by a circuit shown in Fig. 69. For the sake of
descriptive sinplicity, processing of only one head wll besdErOEMBER 1999
order to obtain a full-color imge, the sanme processing can be perforned
for four color heads. Referring to F#%. 69, inmage data 401 is read by an

i mage reading unit. An inage processi é unit 402 perforns processing such
as logarithmc transformation, nmasking, UCR, and col or bal ance adjustnent.
The image processing unit 402 outputs an inage signal 403. A ROM 404
stores an unevenness correction table. The ROM 404 outputs an

unevenness- CAiF €16é 8MokBRYR oL@ Rbrrbihd orSiille 4 $1 AGPELNE QL 80RISNRE 21 NG
circuit 406. The binarizing circuit 406 outputs a binary I mge signal

407. This bidpY ytist@aapr4Rays colpis heecd head Kl i Mhdggegl rcuit 408. The
head driving circuit 408 outputs a head drive signal %09. The head drive

signal 409 icondlppbhedoitoonenvlt itwbeapeddFicler WWEVERLbAREE 1RSIty
readi ng head 60 is connected to an unevenness correction RAM 413 and

recei ves an maweVieeanesangedd signal 412 fromthe RAM 413. 25 SEPTEMBER 1999
- 130 The processed i mage signal 403 is converted into correct unevenness
of the recordi ng headddbgithe twrevenmess comrdictiomstdbserREMI404. The
unevenness correction table has 61 correction |ines having different

gradi ents i rekewve smay bepocompdredy = 0. 70X to Y = 1.30X. The correction

straight lines are switched in accordance with an unevenness ,
As described above, temperature adjustment may be

controlled in the same manner as described with
reference to Figs. 38 to 39C.

An injection stabilization operation by recovery
processing 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
of dust and bubbles, and when uneven image density
correction is performed, faithful head characteristics
(uneven image densities) may not be recognized.

The fourteenth embodiment of the present invention
will be described below.

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

In this embodiment, unevenness signals of the
respective heads input to a RAM 322 are output signals
312a, 312b, 312c, and 312d from a masking circuit 311.
In the normal recording mode, coefficients of the

masking circuit 311 are set to obtain average color



correction signal 418. An unevenness correction RAM 417 stores sel ection
signals of correction straight lines for correcting unevenngsykPIEMBER 2999
t he heads. More specifically, the unevenness correction RAM 417 stores
unevenness correction signals having the nunber equal to the nunber of
256 nozzles and having 61 values of I'D5 +0 "60". The unevenness correction
signal 418 is output in synchronismw th the input inmage signal. After an
i mge signal 405 corrected by the selected straight |ine is binarized' by

t he binarizing circuit 406 in accordance with a dither nethod or an error

di ffusion #%Hq%} blnarg signal is input to the head driving circuit
408. The hezﬁp&' I i Oﬁo%l%u‘t'—‘bh?§ 5°mBPP@inﬁ@ pulieweNgT abie for the
head in acc%&?ance with the binar nal, and . image recording is

Wi

per f or ned h YTY SRS HRF RS °ﬁ4 2t @y TERFASARG PRy dhRe

Phe. hoad | SOoBa Shsits bau{%s iR r%%’f%gme?a?yaﬁao%z ot By B EEVELR |
ﬁgseh ilf)r;ge gggi{ ?Jeg{ oa t3f1e fggglr%#%l Sﬁégggggf"g’on A%Ee&_[eg%)ul ;hﬁni form
i mage can bg; ftgr\[}ﬁ %ér%j\qﬂenn ex_neécg@@f geﬂaggﬂg‘ pat,IIheaB:nshos;aﬂreecr hanged

during use, s COTT eCtron srgnal s r oper,

unevenness apRedts ahdilihd Bk ddied B 5468881 pURCYENARSS (G rection data
are rewitten in the unevenness correction S|gna I‘EWI‘I'[II’lg node. More

coefficients a’;; to a’;, are set to maximize 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 the magenta pattern. The

coefficients a’;, 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 block diagram showing the fifteenth
embodiment of the preseﬁt 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 unevenness correction
data rewriting mode, masked signals 312a to 312d are
fetched as in the fourteenth embodiment. At this time,
the input masking coefficients a,, to a;; and the masking

coefficients a’|; to a’',, are changed in accordance with

signals 329 and 328.



specifically, in response to a control signal (not shown), all the
straight lines in the unevenness <correction table are set t §tvﬂgﬁﬁgﬂﬁﬁﬂ}
of 1.0, and a state in which no unevenness correction is pé€ ne

set. Unevenness correction patterns l&6 -output from signal |ines (not
shown) and are printed with the heads 449. In this case, uniformhalftone
i mges having a duty of 50% are used as unevenness correction patterns.
The uneven inmage density reading heads are |ocated at a position denoted

by reference nunﬁﬁal 69\of Fig. 70 in the image form ng unit. Fig. 71 shows
a schematic arrafgemerftNOrARMEe QRARAN PRagenEPRNESS r ERACHGh 60 shown

i Fig. 69. h f | i Fig. 24 .d th

par 15 i n P 5AEI0S” ARt (TR HAARASEd (A2, SPRPSTER. Rem g arm,  77b,
"hE o 7o whbeeld St S e S R BEE S s B oar S P e
motor 88. 25 _SEPTEMBER 1999, - 132 ,Fig. 73 is_a flow chart showing a
control seqU@R&E"%r% %ﬁi?%ﬁ%éiﬁngﬁ.aGG.aﬁgfﬁ nﬁW§EUnevenness

correction data EﬁMifi hode is set, an aperture ?ize i.ndi cation signal
431 is input fraRehl i RERETHASATIOOE| PEEIPERS N7LNG G160 o
the even i | r.eadi e Thi s.indigcation is performed such
that a usepg%r%aqgé?d\?%er%a%r}él}gﬁgs%%?ng#sglla‘?Ueggt that nmonment. The

pul se notor 88 i&nﬁﬁie-EEfé%éﬁgﬁ“éﬁkéJiﬁéﬁgpnéﬁetﬁasking

coefficients which influence the S/N ratios of the cyan

head are 13 masking coefficients, i.e., a,; to a,;, and
a’;, a’'y;, a’'y;, 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 a,; are also set to maximize the S/N ratio of one
color to obtain a higher S/N ratio. In the sixteenth
embodiment, when patterns shown in Fig. 66 are to be
read, the masking coefficients a‘’;, to a’,, are always
fixed. However, these coefficients are changed in
units of colors while the input masking coefficients aj
to a;; are used. More specifically, referring to
Fig. 68, the coefficient change signal 329 for the
input masking coefficients is changed in units of

colors, and different coefficients are set. For



this signal, and an aperture having an optinmal size corresponding to a
print image and the nunber of heads is set in front of a phekpperMEER D99
In step S1, after unevenness correction patterns are recorded by the
recordi ng heads, the recording material 445 is fed in the direction 444
upon rotation of the feed roller 445, and unevenness correction patterns
pass under the unevenness reading headz In step S2, at this tine, the
unevenness readi ng head 60 reads uneven inage densities. In step S3, 256
signals are sanpled fromthe uneven image density signals. These sanpled
signals serve as 256 data corresponding to the nozzles, respectively. If
t hese dat a axemgilegn evash RIf 43 thirtedRbh, cdH@Efiaientanzararsety tséored in
the RAM 413, and the CPU 415 perforns the following arithnetic operation.
These dat a mesisdizehrmdted AN yradpier af @xl the cyanvepiled idumirdensity signal s
in step S4 as follows: 25 SEPTEMBER 1999 - 133 Rn Cn = -log Ra where Ra is
t he const anregdtiingf yifhdgheomifan cromponemn, thist apt8p, operatdreme density
is calculated as follows: C =L Cn/256 n-i Subsequently, aberration val ues
of the densidpeesnot influence reading of other color components,
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 processing sequence
as described above can be employed, as a matter of
course.
As described above, according to the present
invention, different color correction processing
operations are preformed in the normal original reading
mode and the test image reading mode. Optimal
unevenness reading can be performed for test images of
any colors with high precision without sacrificing
color reproducibility in the normal copying mode.
The seventeenth embodiment according to the
present invention will be described in detail 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



corresponding to the nozzles fromthe average density are calculated as
follows: ACh = CCn In step S7, a signal correction quantitysSEPITEMBER 1999
corresponding to (ACQn is obtained as follows: ASn = K x ACn ... (1) where
Kis the coefficient determ ned by the head gradation characteristics. In
step S8, a selection signal for a cer¥28t+on straight line selected in
accordance with ASn is obtained. Unevenness correction signals having the
nunber equal to the nunber of 256 nozzles and each having 61 val ues of "O0O"
to 1160" are stored in the unevenness correction RAM 417. In step S9, vy
straight lines having different values in units of nozzles are selected in
accordance ®ift thené'-%d-rré:p?@fé'd’ preRedirert corRdcai gataat®d I n step S10, the
uneven i mage densities are corrected, In this 25 SEPTEMBER 1999 - 134
manner, the GREFEHRISOTCINFRFOHat 2ar@™+ehPAtten to always obtain a
uniformimage. In _this enbodjqﬁgt, after the size of .the aperture is set

to be an optimal ¢ VERHESRY FREJPREVeakBGfe FERELY r eadi ng

is perforned, Ln this t he urevenness gorrection. data are forned,

|
and t her ef ot }5pﬁ%ﬂ§quggggﬁmﬂ% TRrTecrPOREEanCR REPS S LT rhed. Fig.
74 shows thea@'Q%@@?ﬂéﬁﬁfﬁxggiﬁgﬁof4a£Pgn, UCR, masking, and color

balance adjustment, the color-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. 70, 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 iﬂ 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 print width of the_recofding
heads 449. The recording heads 449 are fed in a
direction of an arrow P while the recording material
445 is kept stopped, thereby injecting ink droplets

corresponding to an image signal.



present invention. The sane reference nunerals as in Fig. 70 denote the
sane parts in Fig. 74. An uneven inmage density reading hea §g§¥fﬁMBERI%w
arranged si deways the four heads, as shown in Fig. 75. This uneveh T nage
density reading head 411 conprises a CCD having the same read density as
that of the head. An uneven inmage densjty of a printed patternis read in
accordance with a method described With Feference to Fig. 8. Inthis
enbodi ment, before the unevenness correction data rewiting node 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

t he uneven i mage g&r&%iﬁ'l %hreeaod}ir%%n%galds 4}&%@%{1%?%95@ iclosh.%g]qi%i n a RAM

413. At this tine, the nunber tato IS a tot 25, 600

(= 100 x 256hrokels: I ddie, X gk 8655001 oRNEo22R st iy 1 Y
di rection. r?hgsgl€§?gf93% gﬂgéPTEVEER 1999 -l%35 0aversage Jgﬁﬂe of the

data in the auer3Gal@ &iQfha LOfd GSPOAGHRE [ €0 afbemOhdEBA cRARRagd Jnal
serves as data of the central recording elenent in the averaging area.

The size of the atg@vieh SeLFd | A ¥i GiaeNoAStRE0rebPel tivRO el sding?0 (= 9
x 80) dots, or 1,300 (= 13 x 100) dots. An area size is selected in
accordance wheldst Be-d ndirefdd ted shgnal c #2dui ThehRh 4h5Fper.f &ons ther sane
arithnetic operation as in the seventeenth enbodi mrent on the basis of the
256 data upomhaverkg mf ddmreiytiesrsimplichey, processing of only
one head will be described. 1In 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
performs processing such as 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 signal
407. This binary signal 407 is input to a head driving
circuit 408. The head driving circuit 408 outputs a
head drive signal 409. The head drive signal 409 is
supplied to a multi-head 449. The uneven image density
reading head 60 is connected to an unevenness

correction RAM 413 and receives an unevenness read

signal 412 from the RAM 413.



unevenness correction data. In order to set the size of the averaging area
to an optimal value and form unevenness correction data upSSERAEVEHIER Y9
readi ng, optinmal unevenness correction can always be performed. Fig. 77
shows the nineteenth enbodi nent of the present invention. This enbodi nent
uses an unevenness readi ng head shdd® i-n Fig. 71 and changes an aperture
size in accordance with the nunber of head-use tines. Referring to Fig.

77, this enbodi nent uses a counter 432 for the nunber of head-use tines.
The counter 432 outputs a signal 433 representing the nunber of head-use
tinmes. The counter 432 is cleared when a new head is nounted and is counted
up every time eEbR pageeissesy ilmas® Shana} ghdf 4833CPRVEILEGhANTO
corresponding to the count of the counter ﬁgz. Lﬁon 25 SE@IENBER 1999 - 136
reception OFOFFRCE YREVEIDESSyP L ] FeFRTIENT| NERES: Pon WS t 430 sends an

aperture size indication signal corres [ to the nunber of pages to an
even inage“ﬂ%ﬁ%PP?sFe§&qﬁf%#§ﬂf¢fﬁﬁlqﬁgggn£€%h i mage density reading

head 411 rotates_a pulse nmotor_in _accor it N gl NRIY- @, and sets
an aperture hav?ﬁ& &N%ﬁﬁﬂqﬁﬁssﬁ%ﬁggég%elgggggéhpsgbgtmeen the number of

of head: use-ERREe Ty B A e O e e ed 8 a1
aperture isyset ot 90 £G = 1.30X. The correction straight lines

are switched in accordance with an unevenness

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
numbér 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 a 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 accordance with
the binary signal, and image recording is 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



fine unevenness for a long period of tine. Thereafter, the aperture size
is gradually increased, and coarse unevenness correction casSEPTEMHER %9
within a short period of tine. Wth this technique, fine unevenness
correction is perforned by the serviceman for a long period of tine.
However, when the user perforns-codise unevenness correction within a
short period of tine when a condition which causes m xing of small noise
conponents is set. Fig. 78 shows the twentieth enbodi mrent of the present
invention. In this enbodi nent, the nunber of head-use tines is not used,
but the nunber of correction data rewiting tinmes upon nounting of a new
head i s coumzdletodf chahge dangpét dse igicreases! .SEFFEMBERE39DY, - 137
Referring to Fig. 78, this enbodiment includes a counter 435 for the
nunber ofthdryreyennigass fensitirg ofi Me rRseTEINE dreads dGeputs a
signal 436 representing the nunber of correctiaon dah? rewiting timnes.
Wien a néw et e< . ndlft 8dUniferFodirgre £3% Pe LUK - Every tine the

unevenness correction data rewiting node is t, the counter 436 performns
a count-up od%?%?iﬁﬁ? ﬂP&&&HtlﬂeangﬁPs %yéﬁégiﬁ%Qﬁffr%iﬁ 2Pg8Fcati on

count - up o e npift et tion -
I Chis SHOOMGORES" ARdnCRRE G, Ereferilas IR pIEmERHT P ¢

e count 1's se perture IS

sel ect ed. t i | t LS sehected. The
bele te&ﬁggteggﬁ:mgﬁév%negsssap%,éa%g%n S LUhEgeS Seh

aperture Sl zes S
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 the 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. In this case, uniform halftone imagés 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. 63.

The same reference numerals as in Fig. 24 denote
the same parts in Fig. 71. An aperture 77 having 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.



the count is "2" or less may be identical. However, in this case, the
aperture size may be gradually increased in accordance w t [25/SEPAEMRER 1990
the counts. Wth the above arrangenent, this enbodi nent has the sane
effect as in the nineteenth enbodinent. Fig. 79 shows the twenty-first
enbodi mrent of the present inventiep.-This enbodi nent exenplifies that the
same effect as in the nineteenth enbodi mrent can be obtained even if the
unevenness readi ng head shown in Fig. 8 is used. Referring to Fig. 79, a
counter 432 is cleared every tine a new head is nounted and is counted up
every tinme the head is used. An averaging area indication unit sets an
opti mal aver agiig. a7 @aisna2fl8EPTENBERshe9d.ng E38-omex®k daggueniceh a count,
and unevenness correction data is fornmed on the basis of data averaged
with thi ofarde GPUetdbhénebygebbdi-ning the sanme effect as in the

ni net eenth enbodi ment. Fig. 80 shows the twenty-second enbodi nent of the
present inventBoFOIentpraBBeYRNPRESCEQRTEC EON IR EISFRYEFELBE  enbodi nent,
t his enbodi nent includes a counter for the, nunber of co;rgg;}on dat a

rewriti nd49re’sS t3°F ewpl't BPSFRETRUABER PG ot At i ng tinmes
AR MR R R AL SO e I
exenplfﬂg%hfiggsgo the even image density reading head 60.

This indication is performed such that a user or

serviceman judges an optimal value at that moment. The

pulse motor 88 in Fig. 71 is rotated in response to

this signal, and an aperture 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 heads, the recording

material 445 is fed in the direction 444 upon rotation

of the feed réller 445, and unevenness correction

patterns pass under the unevenness reading head. 1In

step S2, at this time, thé unevenness reading head 60

reads uneven image densities. 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 data are given
as R;; Ry,;..., Rys4, they are temporarily stored in the
RAM 413, and the CPU 415 performs the following
arithmetic operation.

These data are arithmetically operated and

converted into density signals in step S4 as follows:



wherein a rel ative speed between the unevenness reading head and the read
pattern is set variable in place of setting the aperture angsppeEREFI01999
area to be variable. That is, a scanning speed of the unevenness readi ng
head or a scanni ng speed of the recording paper on which patterns are
printed is changed in accordance 1d8th user selection, the counter for the
nunber of head-use tines, or the counter for the nunber of correction
data rewiting tinmes. Wen coarse reading wthin a short period of tinme is
to be perfornmed, the scanning speed is increased. However, fine reading
with high precisionis to be perforned, the scanning speed is decreased.
25 SEPTEMBER 1999 - 139,The sane effect as in the above enbodi nents can be
obt ai ned by tﬁglébﬁéégfgthnique. The twenty-fourth enbodi ment exenplifies
variable focus control bf an unevenness reading head. That is, the lens
position, the reading sensor position, and,t position of a sheet on

.tne,
whi ch patt er n&'Rerdele i Hhe CoRT MRy ?%thﬁg&lnign CROG Mt fonit h user

selection, the counter for the nunber of head-use tines, or the counter
for the rthber of correction data rewiting tines. A relative position

between the |l ens, the eadi ng sensor,. and .the recoydi sheet is changed
to adjust foc i%b?Pvﬁén 88ag§8rP85d9ﬁ355§ﬁ(f%ﬁ?a{ﬁﬁ£%Fﬁ5daﬁﬁthin a short

peri od off if@&sa.defocus state is obtai ned. However, when fine reading is
to be pertorned with high precision, an in-focus state is

C = zfie 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 (4S)n
corresponding to (AC)n is obtained as follows:

ASn = K x ACn ... (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 and each
having 61 values of "0" to "60" are stored in the
unevenness correction RAM 417.

In step S9, y straight lines having different
values in units of nozzles are selected in accordance
with the prepared unevenness correction data. In step

S10, the uneven image densities are corrected. In this



obt ai ned. The same effect as in the above enbodi nent can be obtained. In
the seventeenth to twenty-fourth enbodi nents, reading condi2fi SERTEMBER 1999
single reading head are set variable. However, in the twenty-fifth

enbodi nent, a plurality of unevenness readi ng heads having different
readi ng conditions are arranged, ang any one of these heads is selected.
Thi s enbodi nent has the sane arranb fefit' as that of the seventeenth
enbodi ment. An inmage reading CCD has a high density of 400 dpi, which is
equal to that of a nulti-head recording density. Wien fine reading 25
SEPTEMBER 1999 - 140 wth high precision is to be performed, the user or

servi cemaiy Gauses (He LBYBnRERd 09 OERl e idmgee LeadiBgelnicy (Fig.
romtes P an

61) to read unevenness atterns, unevenness correction data

is formed.,, COREsen' SadhBg Wit hiddq@ .short period of time is to be
perfornedfahn enness ?s read aF?h thg% unevenness readi ng head 60 shown in

Fig. 70, and upgveRDEsSEmBBHLaehikoN addkd ithd Wiks. ofhtReUApERRAGES Ieadi ng
head has an aperture having a dianeter of 2 nm as shown in Fig. 8 and

perforns coarse: readb8dansopt@RBar @d Lt kluditid nbgeveradssg CCD. In this
manner, by sel ecting reading heads having different reading conditions,
t he same efd&fisgasahd uhbeeaaesst eeadlinigo itsvpayfdomedh elhodhdimsnts can be
obtained. Fig. 81 shows the twenty-sixth enbodi nent of the
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



present invention. The reading conditions are changed in the above

enbodi nent. However, in this enbodi nent, an unevenness cor 28SEPFEMBER 194
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 patt&Bh generator 472. The unevenness
correction pattern generator 472 outputs an unevenness correction pattern
signal 473. 25 SEPTEMBER 1999 - 141 1In a nornal operation, a halftone
density having a duty of 50%is indicated by the pattern indication unit

470, and an .image s'gnal 473 having.a dth of 50%is _output fromthe
unevennesy Tot¥ CY?% e paft PR GBRdr dPoFNSAAY eI IRI nd%PPinted with a head

410 are “%¥¥é%b$&5$%%uggvgaggﬁgfﬁgkhgﬁ%i%ﬁbqﬁ%8F£P §Q§V€§Sg§ of this imge

si gnal . EVer T15CorTegt ron ng a du of 50%i s

pertfor metha HNCYLNREScofrkaL " L8010 Eh%a\%ntdeir}ﬁiéﬁ{ehé«\;ggg?yn uty of 30%

In this case, an orirginal 1s a tone |1 mage having a f about

30% unewgnness PREULS,ENoaNL AN RYkal FBIGe IRRANELP ghadhNgsa28ety of 30%
is selected by the pattern indication unit 470, and 17s a hal ftone i mage

having a (U yx 0§0 BOdets, Prot ed HoxpeofjoBEECUSNNESS00 CPEr @Gt kon. W th
this techni que, optinmal unevenness correction suitable for an origi nal
used can 1) pes€or neln 8pdaasiipel asMselagEechrral aeysrdenobt aimed.

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 unévenness 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 representing 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



The twenty-seventh enbodi mrent of the present invention wll be described
with reference to Fig. 82. This enbodi nent exenplifies a nesSISEFTEYBER 1999
calculating correction data. The coefficient Kin equation (1) used in the
ni neteenth enbodi ment. Referring to Fig. 82, a coefficient indication unit
480 outputs a coefficient indicatix@s signal 481. 1In general, the
coefficient Kis determned by gradation characteristics of the recording
heads and 25 SEPTEMBER 1999 - 142 |inearity of the uneven imge density
readi ng head. Wen the head is used for a long period of time, these
characteristics are often changed. In this case, when a K value is

subj ect edreceabérnatafortfe anigreel opd 3 nedn 9BREEEUTA ﬁMﬁQNrnlnage cannot
often be easily obtained by single rewiting of correctjon data. In this
case, thendéehtilenemni &3¢ srndpyan RPeEERFRCPERE TR TIN unit 480
to formoptiml unevenness correction data. Fig. 83 shows the

twent y- ei GRERAENEOFTREROBIL AR L0 p‘f‘}é%e‘h?mPﬁEeﬁf'l BPrgefhltso étbodf FBnt

exenpl i fi €S a case wherein unevennisghfor I’Egt ion at terns, a correction

data cal éBREEI AN ROT SH P Al SR & EPS ERartdit#® Referring to

Fi 83, d di cat t, 490 t h

Cost se. moRERSLER FEadhi Hafk. + b ERESERRess abroabiet o o hgoner at or
outputs t3Les, bl fctOQM@?Atirgﬁu@ayiegagushess@ftssq% ap®usad 75% These

hal ft one pa ns are rea
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 technique, fine unevenness
correction 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 head-use times
is not used, but the number of correction data
rewriting times upon mounting of a new head is counted

to change an aperture size.



t he corresponding correction data are calculated. A reading aperture is
set to be mnimum and fine reading can be perforned. |In o28SEPTBMBER 1999
calculate the correction data, signal correction quantities OSn are
obtained by equation (1) using the patterns having the duties of 30%
50% and 75% Wen the resultant. signal correction quantities are defined
as ASn30, ASn50, and ASn75, an average value is obtained as follows: 25
SEPTEMBER 1999 - 143 ASn' = ( ASnJO + ASn50 + ASn75) /3 and correction
data corresponding to the average value 6Sn are obtained. As a result,
unevenness correction data having a sufficient unevenness correction
effect can beRelfleairiedy ftay Rie. ha8 f t thisi ambed ihawnitnd naljudeiyta es. Wen

t he rough node is selected, the unevenness correction patterns are

const it ut edubyean|4s shafldit e patver nef haokngcaigot fagR 5T EhN@l ar ge
reading aperture is set. In addition, the calculatiqgn of the correction
data can bemsérfoﬂWédquﬁqﬁFs%%% HahRBESad SiENAfe 49&vent eent h enbodi ment .

As a result, the unevenness correction data.c be forned wthin a short
peri od ofrﬁpﬁﬁseﬂﬁéﬂﬂmﬁkﬁwﬁ%@b%ﬁr?Ec??ﬁﬁeﬁﬁﬁpérHétatmfﬁﬁﬁﬁﬁm% aperture
size, and the cal cuyl ati on nethod,are chang a %ﬁ or Iy qng;ss correction
data wi t h tRGS -pr &1} h N AT nhS HCBRVER ¢ gltlons herefore r ough

unevennesi'e%%rtr.eCtE!venrif'jatfmecatnhe uﬁgbgﬁgeyst QOQI’%C%Q%G’I dé}.eil od of tine.

rewriting mode is set, the counter 436 performs a
count-up operation. A count is input to an aperture
size indication unit 430, and an optimal aperture size
corresponding to the count is set. 1In 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 obtained even if
the unevenness reading head shown in Fig. 8 is used.

Referring to Fig. 79, a counter 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



The twenty-ninth enbodiment is arranged, as showmm in Fig. 83. In this
enbodi nent, unevenness correction patterns, a read apertur e@sSEPTEMBER 8999
cal cul ati on nethod are changed. In the fine node of this enbodi nent,
unevenness correction patterns conprise halftone patterns having a duty
of 50% In this case, the unevenﬂeggacorrection 25 SEPTEMBER 1999 - 144
tabl es have straight lines having a gradient of 1.0 as in each enbodi nent
descri bed above. A reading aperture is set snmall, and a cal cul ati on net hod
is the sane as that in the seventeenth enbodinent. On the other hand, in

t he rough node, although halftone gatterns havi ng a dutg pf 5Q%as in the
fine nDd@CEFEBRRGRVEFDNR t FRUlReveRfeBSVENNESS SPTRTRIA™ g@ﬁérator

472, an unevenness correction tabl as straight J]ines selected by the
unevennesd ScHIR]Y AP H%ﬁab?%%ﬁEG%iHaFﬁea F@%ﬁ@ﬁL“Uﬁébéﬁﬁ%%saESFrection

data rewiting eration. The, uneyvenness caorrsection patt in the rough
node is aﬁ1&ﬁ%wéﬂﬁ%§§b%dg?E%f%b“ﬁan?oﬁamepSFt§FH:ﬁﬁ@rﬂé gﬁ%uty of 50%
which is different from that in the fine node. A reading aperture is set

| ar ge. In@fﬂﬁﬁ%ﬁﬂ%ﬂi%wp%%fﬂ%a?'the average value ASn' obtained as in the
seventeent h enfjodi ' Ithal LR R Pusery@l 88 £RR as

fol | ows: ASn"nggﬁégegéAégpa%b%bgckﬁgﬁt atacare formed 1 n accordance with

this vM|ﬁ;g¥gﬁt in dhe; 6Quagh node, since only a portion subjected to a
change in"unevenness is to be corrected

In place of the counter 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
effect as in the twenty-first embodiment can 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 speed 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.



after the previous unevenness correction data rewiting operation is
performed, correction data can be forned wthin a short perSSEPFEMBER1999
Wth the above arrangenent, when new correction data nust be fornmed at the
time of nounting of a new head, and when data can be forned for a
relatively long 25 SEPTEMBER 1999_-;445_ period of time, a fine node is

sel ected. Wien <correction data rewiting is required during use, the

rough node is selected, thereby formng optimal unevenness correction data
depending on different conditions. Fig. 84 shows the thirtieth enbodi nent
of the present invention. In this enbodinent, a reading aperture size and

a calcul ati on Feehekmr efthengesds 1n the Abseemed®odihfen@PerinrBeSi ze is
set small. Correction data are forned in the sane calculation method as in

t he sevent ebhehnednboditientabevé ntédlentgugh node, a | arge aperture size is
set, and the follow ng operation is performed. Until an average density C =
ECn/ 256 i s obt allRéd twertie stomr opeembodinment erempd ifd\esntueant &b kabodi nent
are perforned. In this _enbodi mrent, however, an average value C k every

ei ght nozzF@SUBsCaBtaicdePlas® oMNeVRRNES K regdirglheady 8 THatl o5 k = 1,
2,..., 32 The above val.ue corresponds to an average density of each bl ock
when 256 nb ?Ii@nérQQﬁHFHﬂﬂyi?ﬁ?)%ﬁ?dlng 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 numbef 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 twenty-fifth embodiment, a
plurality of unevenness reading heads having different
reading conditions are arranged, and any one of these
heads is selected.

This embodiment has the same 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



bl ocks each consisting of eight nozzles. An aberration of the average val ue
of each block froma total average density is cal cul ated agsiSppTEWEBER £$99
= C/ Ck 25 SEPTEMBER 1999 - 146 A signal correction quantity ASk
corresponding to ACk is obtained fromthe relation: ASk = KACk A sel ection
signal of a correction straight lipg, to be selected in accordance with
this ACk is obtained, and is defined as unevenness correction data. Wth
this technique, in the rough node, correction data are fornmed every bl ock
consi sting of eight nozzles. In this case, although fine unevenness cannot
be corrected, unevenness correction can be perfornmed wthin a short

period of it Weqgauseet Dl OREL T £BNbES pelrdcimed Nfdhenges byrt he readi ng
nozzle. In the above enbodi nents, the pattern i ndi cati on unit, the

coef fi ci erdedviith i Ofla biBE$ , ta@dlhBQeere_ladm@dmm icoh e t image be
arbitrarily set by the serviceman or user. These units designate the

correspondirnoptenis {piqccelgancervhth uwpevinhexs tfwomcoester for the
nunber of head-use tinmes and the counter for the nunber of unevenness
correcti opataterns ewand i ngetenressl gotrive caliore dartizodi srefwsmed he counter for
t he nunber of head-use tines and the counter for the nunber of unevenness
correction datdWthw¢@an§etrﬁﬁélagewmﬁhlm|@ﬂﬂh§¥ﬁ(PQ*%P%I?énaéﬁﬁnts

descri bed above. for
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 performé 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-foufth embodiments can be
obtained.

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

The reading conditions are changed in the above
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 uqevenness

correction pattern signal 473.



exanple, a count representing a counter history such as a tinmer for
measuring a time upon nounting of a new 25 SEPTEMBER 1999 - 254FEPTEMRER t199a
counter for counting the nunber of print dots nay be used. The above
enbodi ment exenplifies a case wherein a sem-nulti-head is used as a
recordi ng head, and image recording is perfornmed by serially scanning this
head. However, a full multi-head may be used. Furthernore, the recording
head is not limted to an ink-jet recording head. A nulti-head such as a

t hermal head may be used, The recording head used in this enbodi nent nmay
be a nulti-head having a plurality of recording elenents. As has been
descri bed abovarxaconwxMam)¢pet@elopreaehalfmweﬁtd@mﬁldhe mving 2

conditions, i.e., test inmges, reading conditions, and a correction data
cal cul ati tigtlyetdfodiO% siseindibcatdf ebyother PRUSEFENAESE: CRBEPRCENDA dat a
upon readi ng of uneven inmage densities of the nulti-heads, ti mal reading

and opti mal70 f enthtdronimigeneienabss7dohr¥éntod @&Fé’é%% ey be
performed. In each enbodi nent descri bed above, when at | east gn3|ty t est

printing GUURIEY fRam cFH BRSYARNEFRCPEISFSIRD @9%&%¥ﬁxﬁ%ﬂar8 EF pixel is
o LA LIy L 015 BB e PR
pixel . 1n, this coses 2,pri0L: Gt ¥aks oROLALORAAY I el exaRy 75% or
signal.
Even if correction with the halftone having a duty
of 50% is performed, unevenness is left for a halftone
density having a duty of 30%. In this case, if an
original is a halftone 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 embodiment.
Referring to Fig. 82, a coefficient indication
unit 480 outputs a coefficient indication signal 481.
In general, the coefficient K is determined by

gradation characteristics of the recording heads and



Each test pattern is optimally fornmed at a print duty 25 SEPTEMBER 1999 -
148 of 50% This is suitable for a schene for obtaining an25&EPTEMBER 1999
reflection density because a small change in density is obtained as a
change suitable for print characteristics of a recording head. However,
the print ratio can be changed by 1%hanging a drive voltage and/or driving
pul se width, or by changing the nunber of ink injection tinmes per dot.
This can cope with a dot structure in which each dot is constituted by one
pi xel . The present invention is also applicable to any schene for changi ng

a print réeitggg-rﬂ{f FPNIE SRR I LS aangaiteh{gea%@iﬁ@aﬂa.for

performn réctd on processing in unlrts o ct1on “ energy generation

el ements. (40 PRAGL ke 4 When, & £ORVET 9enbng! 3l iy N drdisi ExeBEOCESSI NG

and processing tinme are taken into consideration, common correction may

be perforned £ & aif @ 14 Yo of £ £ e@REREBUNEd Bdjragantcd$é pckhen ener gy
generation elenents. Judging fromthese viewoints, an opti nal

arrangenent xCa e obd aliwfestied tHadbeeraRA cROMRM itie oSt pmelerably
performed in units of blocks each consisting of a plurality of injection

energy genrghid. o eleiEdif ahddg GahAabge ofttebebenfed st bytobhnaisredr gy
generation elenents of the recording head. A known bl ock driving schene
may be used; sim@lepesviicindlofkcdriretngoscker mylbetubedcaastead.
However, it nust provide a drive condition for uniformng a density

the coefficient K is reset by the coefficient

indication unit 480 to form optimal unevenness

correction data.

Fig. 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 mode indication unit 490
selects a fine mode and a rough or coarse mode. In the
fine mode, an unevenness correction pattern 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. In order to calculatelthe correction
data, signal correction quantities ASn are obtained by
equation (1) using the patterns having the duties of
30%, 50%, and 75%. When the resultant signal

correction quantities are defined as ASn;,, ASns,, and

ASn,;, an average value is obtained as follows:



25 SEPTEMBER 1999 - 149 to be corrected upon judgenent of an uneven inage
density. Data associated with test patterns nmay be supplied 25fSERTEMBER 1999
unit having an arrangenent shown in Fig. 94. Alternatively, these data may
be supplied froma test pattern-ded® generating neans integrally conbined
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 systemusing heat energy anong the ink-jet
recording systens. As to its representative constitution and principle,
for exanple, od&Mratt(&Tboby d58soft Bf&7sbh3i ¢ principl e disclosed in, for
exanple, U S. Patents 4,723,129 and 4,740,796 is preferred. This systemis
appl i cabl @ndo coingestt ign tdrt s ocerreepobA LagmENd thEp e VeFRIEE he2 ¥Rt i nuous
type. Particularly, the case of the on-denmand type is effective because,
by appl yi A§nare efxtaigird dride 3i §Rarlini ERSYFESLTHFA TFPEPRAL ure

el evati on exceedi ng nucl eus boiling corresponding to ¢the recording

i nf or mat i 88 tén hAYid1E @ ref £icheat uBSH?éPFéFSQQQQ%ﬁﬁkP%o?Eg%ﬁﬁnding to

t he sheets or |iquid chanpels hol di i qui,d (ink), heat energy is
gener at ed 3" Bfe VIHTLI 1SF hehe EﬁﬂgEPP r T8 %ﬁf%ﬁ%ln?i?ﬂfboiling at the
heat actigg s%;face of the recording head, and consequently the bubbl es
within th&%%y ﬁﬁid (ink) can be forned correspondi ng one by one to 25

SEPTEMBER 1999When the rough mode is selected, the unevenness
correction patterns are constituted by only halftone
patterns having a duty of 50%, and a large reading
aperture is set. In 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 be formed within a short
period of time.

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

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

duty of 50%. In this case, the unevenness correction



- 150 the drive signals. By discharging the liquid (ink) through an
openi ng for discharging by gromh and shrinkage of the bubhkksarpPrEMBEES1999
one droplet is fornmed. By naking the drive signals into pul se shapes,
growt h and shrinkage of the bubbleléan-be effected instantly and
adequately to acconplish nore preferably discharging of the Iiquid (ink)
particularly excellent in response characteristic. As the drive signals of
such pul se shape, those as disclosed in U S. Patents 4,463,359 and
4,345,262 are suitable. Further _excellent recording can be_perforned by
enpl oymentt¥P1es RA¥nAFFREAR ad 188SC hApddd @ I2RAPREnPL413932624 of the
i nvention concerningbt e tegggraturgﬁgle ation rate %f t he %ye-nentioned

. b
heat acti g’ ST T AcET AR LFRE toGRECHIEE on POV he & RGP ULAG ABEE CULe

addition to the c {nation constitutions of . .discharging_oqrifice, liquid
channel , elrsecst“:f’e‘lC c?’fq&}qéaﬁngc%n\?? tcélk{a(tllfﬁleg‘reﬁr}oq%iJdgcgiéﬁnggmgr ar%i ght angle

liquid Chﬁﬂ&@'inaéhgi§8L8§%thth3%b%%9¥§&%ﬁ”ti°”ed respective

specifications, the constrtution by USE€ 0 S. Patents 4,558, 333,

4,459, 600 di scl gsi pget Beneangbliit han havisaH fodeat a 2ehbgnpor ti on

arranged in the flexed region is a incl'uded 1 n the present invention.

In  addi tiym r{be PHRELBENSNHERINGN aCAR LY oF b efdecihvehy fam@e the
constitution as disclosed in Japanese Patent Laid-Qpen Application No.

59- 123670 ki &ha e S6LOEE EROm &BRSLinkwenlessSid@rfestibnCpaRRBANO A

plurality of 25 SEPTEMBER 1999 - 151
generator 472, an unevenness correction table has
straight lines selected by the unevenness correction
data formed iﬁ 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



el ectricity-heat converters as.the discharging portion of the
electricity-heat converter or Japanese Patent Lai d-Qpen Apﬁ$§€5?ﬁ@@ﬂﬁﬂmw
59- 138461 whi ch discloses the constitution having the opening for
absorbing pressure wave of heat nﬁrgy correspondent to the discharging
portion. Further, as the recordfng ead of the full line type having a

| ength corresponding to the maxi numw dth of recordi ng nmedi um whi ch can be
recorded by the recording device, either the constitution which satisfies
its length by conbination of a plurality of recording heads as discl osed

in the above-nentjo speci, ic d%p§§M'éﬂg%gggwtlwughon as one recording
head i nt é’g%’ afﬁrEB #%rgg © 8 g Buse% and tshe present invention can exhibit

the effects. 9@5&%9?? ég%‘itmﬁrtﬁkerr&fdlefédV&L:ylnd;nuaddl then, the

pr esent |nve Fon1s effective for a recordi ng head of the freely

exchangeahl| l?hﬁgd tygesg@nge@nawwg%éﬂyﬁﬁdfmiﬂgC@pﬂEmhlon to the main
devi ce or ‘g%p l'y o ink fromthe nmain dévice by being nounted on the main

device, qQiadWnibsscaserbytise ata desmdiimg deadidferketcartridge type
provided integrally on the recording head itself. Also, addition of a

restoratiesndeensngor the recording head, a prelimnary auxiliary neans,
etc. provided as the constitution of the recording device of the present
i nvention is prefer 88 shosecabhee tic gt temsodpeakpeR 969 - 152 of the

present invention can be further stabilized.
present invention.

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

Unﬁil an average density C = ICn/256 is obtained,
the same operations as in the seventeenth embodiment
are performed. 1In this embodiment, howevexr, an average

value C'k every eight nozzles is obtained as follows:

Ck =3 Cyyy *+ U8
t=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



Speci fic exanples of these may include, for the recording head, capping
means, cleaning nmeans, pressurization or aspiration neans, 25 SEPTEMBER 1999
el ectricity-heat converters or another heating elenent or prelimnary
heati ng means according to a conbination of these, and it is also
effective for performng stable‘rég rding to performprelimnary node

whi ch perforns discharging separate fromrecording. Further, as the
recordi ng node of the recording device, the present invention is extrenely
effective for not only the recording node only of a primary color such as

bl ack etc.. DUl 8150a3 ABviee. U AAEA LD fhyc LBaskagRRIhl ol

different colors © ul Im°co X1 ng, whethéer the recording head

may be either; i g5 alalyy Qggf it et of; SQbined in plural nunmber. 25
SEPTENBE££?§9bS-§Eg ﬁﬂgk fs C g%ned is:Ji. An i mage recordi ng apparatus for

performng inpge Legan@ing on a recording nmediumin ac: ordance wth
i mge signals by using plural different types of recordi ng heads, each head
having a plurapi x1ektiesorsdgnalg ef eerd sreovpohssngadghar rlayne sai d pl ural
different types of recording heads respectively corresponding to
di f f er ented NMbges elacaeide iins tacx rdaom i wivly: thist Apkt tier wHft@dmed), neans for
formng a plurality of test patterns on a .recordi ng medi um by using
plural diddetsntefipesi afs necoratings heoosrectadnngdat@ans Widih r eadi ng t he
plurality of test pat- terns recorded by said test pattern recording

this technique, in the rough mode, correction data are

formed every block consisting of eight nozzles. In

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 for the number

of unevenness correction data rewriting times are not

limited to the arrangements described above. For

example, a count representing a counter history such as

a timer for measuring a time upon mounting of a new



means and correcting nmeans for correcting i mage signals corre- sponding to
a plurality of recording elenments on the basis of the plur@5SEPTEMBER1999
patterns read by said reading neans, said correcting neans chang- ing
correction conditions in accordanck4dWw +h types of said different recording
head. 2. An apparatus according to claim1, wherein said correcting nmeans
conpri ses converting =cans for con- verting light quantity test patterns of
the read data into density data on the basis of conversion paranmeters cor-

responding to, said plural types of recording heads, and. correction val ue
cal cul ati %tfarﬁje'ar%rf rC‘B‘éﬁ‘E‘#a’?‘PﬁgCEBP;lPScF?‘&n“\H&@é Y BRE"basi s of the

density data ou%gyt fronasaid converting neans. 3. An apparatus according
to clai m 2% PRatddr eadi ng neans conprises A/ D-converting means for

converting anal read data into digital li.ght quantit dat and :
ref erence Ievefﬁ%%ﬁgg?Y?nﬁmﬂﬁgh@e?%reégﬁgéf%}es § £3% wﬁﬁﬁgiPeeel of said

i'ng arefer

A D- convert k‘ng_mn@féls_ﬁgadc%rggggnggn er\é,icg??d%%igd }péatglala%ﬁggﬁﬁ?g% recording

heads. 4. pparatus according to claim reln sai types of

recordin f i i,n is £, F : , bvely. 5. An
gmﬁ% ggﬂg&@f%ﬁgagﬁgr seqlélgge@tcaqml% t§ £SPRELLVEl Y

appar at us accor arm 1. ei n sai plural Types of recording
heads per fiyB¥££0r4i pg1 At mudt{LREEA nE@NBiet %4 Fespectively. 6. An

apparatus according to claim1l, wherein each of said recording elenents
has orifices forurthéehbhg8, thESrecording head is not limited to

an ink-jet recording head. A multi-head such as a

thermal head may be used, The recording head used in

this embodiment may be a multi-head having a plurality

of recording elements.

As has been described above, according 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 ﬁulti-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 constituted by a
plurality of dots, a print duty, i.e., a print density
can be set by changing the number of recording dots
constituting each pixel. 1In this case, a print duty is
not 100% but is preferably 75% or less and 25% or more.

Each test pattern is optimally formed at a print duty



25 SEPTEMBER 1999 -154 7. An apparatus according to claim1, wherein each
of said recording elenents conprises heat energy generat- 238EPIENMBERI999
causing a change in state of an ink by heat, and ejecting the ink from
said orifice on the basis of the change in state. 8. Aa apparatus
according to claim1, wherein satdl48est pattern form ng nmeans records the
test patters by using one of said plural types of recording brad for each
of the recording nedia. g. An apparatus acnrding to claiml, wherein said
test parr--a formng nesas sequentially records the tat patterns with said
plural types of recording heads on each of the recording new 10. An

appar at us o4c&8idi ndhies cisisniatalker PR arghemeaditlg ARSASVILG=RRi ses a
C(r). 11. An image forcing apparatus conprising: a recordln head havi ng a
pIuraI|ty°@FHq&%NRﬁﬁkaﬁﬁo RS BY PSFﬁPﬁ& énq getBrding nedi um

i n accordance wth | al s | uralit recordlng el enent s
conpr|5|n6€%§%%¥zﬁﬁ Téﬁn%ﬁn fgﬁﬁﬁgﬁoﬁu& TREMECHBF causing said

Goss des: HEHATF SRAE HEbad YOroFaRaPngo Z”é‘e’ni. ies of said plura

pes of st A, B L noLOLB PR g danay g correcton

density r%%?d&lﬂ&*ﬂ“hrf%%Cb&Péé&&thﬂa/éétarLVLng 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 generation
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 recording head. A
known 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



being for making i mage formation densities uni- formregarding a respective
different density; and i mage density correcting neansfor co2sSEPTEMBERpI9
si'gnal s corresponding to said plurality of recording elenents on the basis
of the correction data. 12. An appargd us according to claim1ll, wherein
said uneven inmage 'density correcting neans corrects the image signal on
the baths of data obtained by averaging the correction data. 13. An
apparatus according to claim11l. wherein said uneven inmage density car.
ecting nmeans corrects the imge signal on the basis of data obtained by
wei ghti ng *8n8%aferagrigdt n@aroriustgemen tat f. addundweapparaatais according to
claim 13, @here'n coefficients for weighting and averaging the correction
data are - 3?FétVy set. 15. An apparatus according to claim1l1l, wherein
said recording hgad congnis.-s a plurality of heads arranged in units oC
r ecordi ng agenP8t2saFGohhrtechaiitly AT Gakteres| Bay ber sparildred ng
nDId-coIorf gﬁogdhn v 25.SEETENBER 1999 -155 16. An apparatus according to
claim 11, er ef n"€ArdUNFECBRYIAG REa R HEENGRRHKE | 8howBcddi ng head. 17. An

appar at us or gj,ng laim.11,, wherein each of said recording el enents
conpri ses ﬁ%ﬁf g%érg§9§§ﬁ%?PlXF#Hg & MRY nBeaSERRAdEd n state of

fhe changer Tt argy 1S ns aater Per ¥ dihna. 8chlraddarorm ng
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 using 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. Particularly, 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 ligquid (ink), heat energy is
generated at the electricity-heat converters to effect
film boiling at the heat acting surface of the

recording head, and consequently the bubbles within the

liquid (ink) can be formed corresponding one by one to



i mge formation on a recording nediumin accordance wth inmage signals by
using a plurality of recording beads of different colors, R&SEPREMBERI49Ag
a plurality of recording elenents conprising an array, said inage form ng
apparatus conprising: test pattern formation control means for formng
plural types of test patterns, hawsStfg -difTerent densi- ties, by using a
plurality of recordi ng heads; density reading neans for reading densities
of the plural types of test patterns fornmed by said plural- ity of
recordi ng heads under. the control of said test pattern formation control
means; and generating nmeans for generating correction data for nmaking

uni f or m i Waged FbVARELERadENs| Bred g ERinGigthe r bigrAE kR )i f erent
density on the basis of _densities of the, plural tgpe of test patterns
formed byNEERANpROr QPPN NG QQQxﬂkﬁQRFTﬁkéé,b§a9H @EﬁeP&é— i ng means
changing correction data geaeratitin conditions in accqordance with colors
associateﬂhthFﬁggan = @o%ﬁ%ﬁ}?ﬂa 18R OFF e FPﬂéeﬁeéﬁs for correcting
i mage sigpals corre- sponding.to a plurality, of.recordin nts of said
plural i typﬁ?m?éwr gVnﬁ‘a%é‘é@sg%‘r? t e’“ﬁeasﬁlsg%‘%/l? he"! EOPPég% %%r%a%sa’ 19. An
appar at us, a66PhdLRE LR GhRaUel % ¢ IR Uibs Al doafnBUCleBRARLENSI LY
correctlﬁﬁ neans corrects e 1 mage signal on the basis of data obtained

Cherarh SLfdiah e A SRR 4 de-rpalalunosecpdada gl aim 1o
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
4,463,358 ahd 4,345,262 are 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 ligquid 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 invention 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



i mge signal on the basis of data obtained by weighting and averaging the
correction data. 2L An apparatus according to claim20, whersSiSEPTEMBER 1999r
wei ghting and averaging the correction data are variably set. 27- An
apparatus according to claim18, wherein said recording head is an ink jet
recordi ng head. 25 SEPTEMBER 1999 -156 23. An apparatus according to claim
18, wherein each of said recording elenents conprises heat energy gener-
ating nmeans for causing a change in state of an ink by heat, and ejecting
the ink fromsaid orifice on the basis of the' change in state. 24. An
appar at us edepmrmi agtyehehai noh@erwlearseias stdial d denksakyingagions imeans reads
densities of the test patterns in accordance with conditions correspondi ng
to recordof mheotbestoicsaydhphlr sldnvemifer ezorde pgnbeeadPatBRnt An
apparatus according to claim24, wherein said density reading nesas
conpri ses LledichrOpent ApplégaiéonsPondiddg 3B 4t whiohsdéscdgisepitheal ity of
recording heads 26, An image form ng apparatus conprising: a recording
head havi 9T Pl titbiPhyhavipgcshei RPediag e 2b9erPbngi FFeSFU%Rge on a
recording me- dium said plurality of recording el enents conpris- ing an
array; medfi’s &t cREIFngnrERYL FPETRHPORIAN Dt helhe sdi§<hrggdnd ng head and
gpe recon%ggkﬂgg!un] for giving different inmage signals to said plurality
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 means, etc.

provided as the constitution of the recording device of

the present invention is preferable, because the effect



recording el ements upon relative novenent be- tween said recording head and
the recording rne- dium and for formng test patterns havi ij SEREFVBER 1999
different densities in a direction of the relative novenent; reading =rune
for reading densities of the test pat- terns in different density areas;
and uneven inmage density correctingiggans for correct- ing inmage signals
corresponding to said plurality of recording denents at the tine of inage
formation so as to nmake imge fornmation densities uniform regarding a
respective different density on the basis of densities read by said .
readi ng neans. V. An apparatus according to claim26, wherein said test
pattern foraf nghaepnespetf anventtésin gart &re forwaert F§ALHAIEESI ng once,
and sai d reading nmeans perfornms test pattern reading processing once. 28.
An apparatuSpectﬁidiﬁgam@leﬁabﬂlZ@ﬁsﬁhém%yr#&¢%@dﬁif%8Féﬁ¥“ﬂensities are
two different densities consisting. of densjties higher and |ower than a
correction reterdiagcheddnsiceprdfGamidd by S tREVER Teage density.
correcting nmesas. 29. An apparatus aqcordiééhto c&ain126p\MyHé%{1the
different denesshsszatdonhode AGHTS AN JMRT 1 8L EGASHSH R "Gt densi ti es

densi ty CorFRRYPRESTEaRE SaRITeS Hararis e duhar: f SRR 1686 - 167
30. An appaﬂgégingc%%%%gn%éé%é:fﬁd“égiaVﬁﬁmﬁiHaE§Bﬂ of these, and
it is also effective for performing stable recording to
perform preliminary mode which performs discharging
separate from recording.

Further, as the recording mode of the recording
device, 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 oxr full colox by
color mixing, whether the recording head may be eitherxr

integrally constituted ox combined in plural number.



recordi ng head conprises a plurality of recording heads arranged in units
of recording agents, said units having different col ors for25SEFTEMBER 1999
mul ti-col or recording. 31. An apparatus according to claim26, wherein said
recording head is an ink jet recording head. 32. An apparatus according to
claim 26, whemi n each of said recording el enents conprises heat energy
gener- ating neans for causing a change in state of an ink by heat, and
ejecting the ink fromsaid orifice onighe basis of the change in state.
33. An image form ng apparatus for performng inmage formation on a
recordi ng medium by using a plurality of recording heads of different

col ors each having a phtalii EMiEdnrgcordi ng eI enents conprising an array,
said i mage form ng appafat S c r|5|n e ans for
causing rel ative nove-, derft "Cq‘ﬁ% rec%c,?orragn ads and a
recordi ng medi um , for““ﬁﬁﬁlrﬁ'ﬁf’r "Wé’F‘é’n e':I ﬂé %cT% urality of
recording el enents upd‘l'ﬂ’-helmgcﬁlgéﬂﬁd?/bﬁ’éﬁ%g BT %’&F’Ht g ity of
recording heads andrechedirgcbeatsigeaebdiaad) haiag RAHURKORGS=T85t patter ns
having areas of diff erinpteletmesisticrsprising andamray: said pleral iffersnbt i ve

novenent by use of saipepbfifeioritingobeidsqesshictyehe adsespaaliznge means f or
readi ng densities of t &éﬁtmﬂgk cHaPidtgribtics(icbbfyrisiig:densi ty ar eas

corresponding to said ety f%zﬁ%cﬂhﬂiﬂ‘ﬂ:r%@ﬂﬁn arpiutiliey off i mage
density correcting neans ﬁQE&E%ma} ggchwgbgsﬁ?rﬁl@&pondl ng to
said plurality of recordlnfgce csofo g cg_agll y of recording

reading mca.ns for reading thc plurality of test pat-
terns recorded by said t=st pattern recordmg
means; and

corracting means for c:orrc'-tmg image signals corre-

sponding to a plurality of recording elements oz
the basis of the plurality of test patterns read by
said reading means, said correcting means chang-
ing correction conditions in accordance with types
of said differeat recording head.

2. An apparatus according to claim 1, wherein said
corre::ung means comprises converting means for con-
verting light quantity test patterns of the read data into
density data on the basis of conversion parameters cor-
rspondmg to said plural types of recording beads, and -
correction value calculating means for calculating cor-
rection values on the basis of the density data output
from said converting means.

3. An apparatus accordmg to claim 2, wherein said
reading means comprises A/D-converting means for
converting analog read data into digital light quantity
data, and reference level conventing means for convert-
ing a reference level of said A/D-converting means in
correspondence with said plural types of recording
heads.

4. An apparatus according to claim 1, wherein said
plural types of recording heads perform recording in
different colors, respectively.

5. An apparatus according to claim 1, wherein said
plural types of recording heads perform recording at
d.;frcrcnt densities, respectively.
6. An apparatus according to claim 1, wherein each of
sard recording elements has orifices for injecting. inks,



heads so as to nmake inmage formation densities uni- formregarding a
respective different density on the basis of densities readsSEPIEMBER 1999
readi ng means said correcting neans changi ng correction conditions in
accordance with colors associated with said recording heads. 34. An
apparatus according to claim 33, vm_ggei n the different densities are two
different densities consisting of densities higher and | ower than a
correction refer- ce density obtained by said uneven inage density
correcting means. ?5] W%ﬁ%éﬁ’u@"ﬂ&&éﬁ’éé@ 1; whersinng2gd ofwherein t he
different. densit¥d regerding elgments eymprisaddirst thegyc@emdtst-i ng  of densities
hi gher and | ower mgamensrief enresicg adhmsgd in suitonfad iy bydicdt,uneven i mage

density correcti r@:dﬁﬁﬁ&ngaﬂg i froeeied %@g@c%ngﬁctymg& $E=PTEMBER 1999 - 158
36. An apparat us {0 cI aim 33, wherein said recording head is an

ink jet recordin I ng. to.clai,m 33, wherein
eachJ of said regortgl nﬁ éé nent s cowor?se%ﬂ “95 rq'er - ating neans
f or causmgach@u ;Ci a't“t&l’r cl’tlngthelnkfrom
said orifice on tFERHIT[SC %ﬁé q Fespediag berdsafet mage recording
apparat us for per®B&EnPhire ?@@6@&&@@# a recordi ng nedi um by using a
recording head had ry22ppiors iscgording domlatmd, sbeereint saidonpri s- i ng an
array. said i magetesopaiag foypdn g trisane seqiansally ret R the teans for readi ng
an image and out ppdrtdrilg with said plural types of recording heads on
each of the recording media.
10. Ar apparatus according to claim 1, whersin said
resding means comprises 2 CCD.
11. An image forming apparatus comprising:
a recording head baving 2 plurality of recording ele-
ments for forming an image on 2 recording medinm
in accordance with tmage signals, said plurality of
recording elements comprising an array;
test pattern formation comtrol means for causing said
recorting bhead to form plural types of test patterns
Rkaving differsat deasitges;
dezsity reading means for reading the dexnsities of said
plural types of test patterns; aad
data forming means for forming cocrection data onm
the basis of the plural types of test partamns read by
said density reading means said correcton data
bemg for making imags formation deazsites uni-
form regarding a respective different density; 2ad
image density correcting  means for correctng image
signals corresponding to said plurality of recording
elements on ths basis of the carrection data.
'12. An apparatus according to claim 11, wherein said
uneven image density correcting means carrects the
image siznal on the basds of data obtained by averaging
the correcton data
13. An apparatus according to claim 11, wherein said
uneven image density correcting means corrects the
image signal on the basis of data obtained by weighting
and averaging the correction data
14. An apparatus according to clsim 13, wherein
coefficients for weighting and averaging the correction
data are wariably set.
15. An apparatus acsording to claim 11, whersin said
recording head comprises a plurality of heads arranged
in units of recording agents, said uaits having different
colors for performing muld-color recording.




color signals corresponding to the image;, color correction processing
nmeans for performng color correction processing of the CO'ﬁSI?ﬂ:‘MﬁERw%
out put from said readi ng neans; test pattern form ng nmeans for formng
predeter- mned test patterns by using a recording head; correcting neans
for causing said reading nmeans to read the predetersained test patterns
formed by said test pattern form ng neans, for obtaining correc- tion data
fromthe color signals color-corrected§9- said color eorrec on processing
means, and for correcting inmage signals corresponding to a plural- ity of
recordi ng el enents on the basis of the correc- tion data; and col or
correction control =can oy causing said,color correction processing
means to perform di ffer;{'é%BPBFzﬁ‘%r?%'@F?W Ordeisa dinWhsperstidns when in
a test pattern readi nEFTRSEE BRIy WK-Iep recardinmbeadyr i gi nal i mage
readi ng nmode. 39. An apph#vuapRrasauvisdicegrdiog db giaim3Bl, wireneei eachai d
plurality of recordi ngobsadrerncrdimgeelameangmmin pris@dehCen&ipyngtenee W th
recordi ng agents havi ngtinig thenefor eabsingraSchihg@Sint @afRebl @k MWy i - col or
recording. 40. Ap appahazmn@eyﬁ:ﬁl,isng,ctigqu@éwo '$ theoBags col or
correction processi ”gomﬁhﬂ%'ﬁﬁé an i nput masking processing unit for
r

perform ng processing i [o e f.h _characteristics of said reading
neans, and said col or rhaieé i_on. coﬁ%ngne W?;Eﬂfrﬁlrsp? B Haski ng
processi ng perforned b L PTERHIRR Nt ) BRI AFIOTSARCEAn appar at us
according to clain 40, EPASS 31 &Pt SYobsied i Plunadity fnfecsirdifgans changes

oper ation coef - heads c?f diflerent colors, each head having a plurality of
recording elements comprising an array, said image
forming apparatus comprising:
test pattern formation control means for forming
plural types of test patieras, having different densi-
ties, by using a plurality of recording heads;

density reading means for reading densities of the
plural types of test patterns formed by said plural-
ity of recording heads under the control of said test
pattern formation control means; and

Benerating means for generating correction data for

making uniform image formation densities regard-
Ing a respectve different density on the basis of
densities of the plural types of test patterns formed
by said plurality of recording heads, said generat-
ing means changing correction data generating
conditons in sccordance with colors associated
with said recording heads; and

correcting means for correcting image signals corre-

sponding to a plurality of recording clements of
said plurality of recording heads on the basis of the
correction data.

19. An apparatus according to claim 18, wherein said
uneven image density correcting means corrects the
image signal oo the basis of data obtained by averaging
the correction dats.

20. An apparatus according to claim 18, wherein said
uneven tmage density correcting means corrects the
mmage signal on the basis of data obtained by weighting
and averaging the correction data.

2L Ax apparatus according to claim 20, wherein
coeflicients for weighting and averaging the correction
data are variably set

22. An apparatus according to claim 18, wherein said
recording head is an ink-jet recording head.



ficients of said input masking processing unit. 25 SEPTEMBER 1999 -159 42.
An apparatus according to claim 38, wherein said color corr@§SESTEMBER 1999
processi ng nmeans conprises a nmasking processing unit for performng
processing in accordance with characteristics of said recording head, and
said color correction control nmeans controls masking processing of said
maski ng processing unit. 43. An a@dparatus according to claim 42, wherein
said color correction control means changes operation coef- ficients of
sai d maski ng processing unit. 44. An apparatus according to claim 38,
wherein said recopsliAg dppathrisacunrding jostlaie 38, whergimes® 45, An appar at us
according to cl aigndd revbediff Riceaits comptiseshentEnergyngenstenent s conpri ses
beat energy generg;natd Sadsiig &€ 2Uahpe in stitendan mkdiat e of an ink by
heat, and"ej ect iﬁgﬂ-ffm o hS it Liiae aficd OF thedisis of the change i
state. 46. An i %e fonm ngig IR3E at us for formng an inmage on a recording
mediumi n s ccor ﬁﬁéﬂ% L RQE S 4 6n

- O H?é?‘“ﬁ%& i i

| &i®f color signals
corresponding to a

0\ Baifiy ol or i
: : ar e original image,
by using a recor cﬁ%‘)’né&gﬂ%ﬂgﬁ . u'g%} 53%? _ AferRE! O1 9 s

rgém‘dﬂg el enent s
conprising an ar r&y SaiL: conprising: color
correction procedsEmplamaksy @l R rcection processing of
color signals; co28edd !@P%ﬁﬁs‘@@?%&t‘ﬁi% ﬁ FI B data fromthe

col or-corrected cddmitysrepding mptHs FEBPIIE GOOD LR P Ted test patterns,
and for correctingponding to the colors of said plurality of recordmg

heads.

u

e

26. An image forming apparatus COMPTising:

a recording head having & plurality of recording ele-
ments far forming an image on a recordng me-
dinze, said piurality of recording elements compris-
ing an arTay; .

means for causing relative movement between said
recording head and the r:::ording. medium, for
giving differsat image signals to said plurality of
recording eclements upon relative movement be-
tween said recording head and the recording me-
dinm, and for forming test patierns having areas of
different densities in a direction of the relatve
movemeny;

reading means for reading densities of the test pat-
terns in difTerent density areas; and

unecves image density correcting means for correct-
ing image signals corresponding 10 said plurality of
recording elements at the time of image formanon
so as to make image formation densities uniform
regarding a respective different density on the basis
of densities read by said reading means.

27. An apparatus according to claim 26, wherein said
test patiern forming means performs test patiem forma-

tion processing once, and said reading means performs
test patiern reading processing once. .

28. An apparatus according to claim 26, wherein the
different densities are two different densities consistng;
of densities higher and lower thaa 8 cofrection refer-
ence density obtained by said uneven image density.
correcting means. .

29. An epparacus according to claim 26, wherein the
different densities are three different densities consistmg
of densities higher and lower than a reference density
formed by said uneven image density correcting means
and the reference density.



i mage signals corresponding to a plurality of re- cording elenments at the
time of image formation on the basis of the correction dat as SHITEMBER 1999
correction control neans for causing said color correction processing
means to performdifferent color correction processing operations for
color signals corresponding to the test patterns and color signals
supplied for normal inmage formation. 47. An apparatus according to claim
46, wherein said color correction prdéssing means conprises a maski ng
processing unit for performng processing in accordance with
characteristics of said recording head, and said color correction control

means control s nmasking p%gcessi ng perfornmed by said masking processing
unit. 48. An apparatus attd}UPPRERBISECEPHING O \rime?6 whergin ¥ or

correction control nea REFed somnriscon pdursiiy of ctamrdingdieadsi d naski ng
processing unit. 49. ANTAPSER It URitnof orobirdipgt agentsyisaidddgitsvmeing n sai d
recording head is an-i@ifqrent cadooy ftirneeriwrating 2BuIGERIICRERHAEO - 160 5n.. An
appar atus according to cikiAn dfparatigraicocdiagho cofins26,dvierely gidig el ement s
conprises beat =orgy greverdingthdad FRarskije r&@ygjn@gh&dghange in state of an
ink by heat, and ejecti3fyAchfppaiink aefdbRBhE tPLialhCR Uhetdifelatsis of the
change in state. SL Anof Siid)fecopdidicIeAPPA Aitidad Wi A bgkr. Mesas for
reading an original inggeg an@WbPHLlGRD 2 L iR 343 Spponding to
the original inage, cw&&g}&mﬁ%g ilﬁcgh&, CESRLDdn TRABSSiS OF
perform ng of the change in stats.
. 33. An image forming apparatus for performing
image formation on a2 recording medium by using &
plurality of recording heads of different colors each
having a plurality of recording elements comprising an
array, said image forming apparatus comprising:
test pattera forming means for causing relative move-
ment betwesn a plurality of recording heads and a
recording medium, for giving different image sig-
nals to a plurality of recording elements upon rela-
tve movement betwesn said piurality of recording
beads and the recording medium, and for forming
test patterns having areas of different densities in 2
direction of the relative movement by use of said
plurality of recording heads;
reading means for reading densities of the test pat-
terns in differeat density areas corresponding to
said plurality of recording heads; and
uneven image density correcting means for correct-
g image signals corresponding to said plurality of
recording elements of said plurality of recording
heads 50 as to make image formation densities uni-
form regarding a respective different density on the
basis of densities read by said reading means, said
correcling means changing correction conditons
m accordance with colors associated with said
recording heads.
34. An apparatus according to claim 33, wherein the
different densities are two different densities consisting
of densities higher and lower than a correction refer-
ence dgnsity obtained by said uneven image density
correcting means.
35. An apparatus according to claim 33, wherein the
diflerent densities are three different densities consisting
of densities higher and lower than a reference density
formed by said uneven image density correcting means
and the reference density.




color correction pros g of color signals; and color correction control
nmeans for causing said color correction process Z neans to @SSEPRTPMBER 1999
differcut color correction processing operations for color signals
corresponding to test patterns supplied to Coat image signals
corresponding to a recording neans_at the tine of inmage formation, and
color signals supplied for nornarﬁannﬁafornatlon 52. An apparat us
according to claimb51, wherein said color correction processing neans
conprises an input masking processing unit for performng processing in
accordance wth characteristics of said reading neans, and said col or

correction control e LRI acBBHinPAS Eldith SPrQ‘ﬁeﬁéﬂ: egidper f or ned by
\?\zl d i nput nmaski Ing &gpgﬁ 'l’f&d%'n}x inR 3" Bf according to claimb52,
erein said color &r;uqlgg%é:grsq %131 ?}g é}g rég ?grfnoﬁ;-

ficicnts of said |n

apparatus for perfo %; cﬁ'g &51%'8 ) ‘?555'&57% h i mage
signal's, using a gfl‘ Fé‘f:%'?%ll‘n u%ﬁﬁé array,
sai d i mage forning 1& Gisctip Féﬂﬂé‘m@é&’t‘iﬁ IFeQR 15 g rreans for
formng a pluralityo® kangegatktens on a recordl ng nmedi um by using a

recordi ng head; readl% ﬁeamaa‘mreqmdmlnpyamam RY PRIFQTRIDGS of t he
plurality of test precoeding goresoreindng madienracusias & TRFORGBRUM by sai d test

pattern formng ne i ng condi -
tions; neans for 0%5%%5% 8065 of iso ?ﬁg@ﬁﬁ@w%ﬁﬁ@d g condi-
read by said read g means for reading an image and outputting
color signals corresponding to the image;
color correction processmg means for performing
color correction processing of the color signals
output from said reading means;
test pattern forming means for forming predeter-
mined test patterns by using a recording head;

correcting means for causing said reading means to
read the predetermined test patterns formed by said
test pattern forming means, for obtaining carres-
tion data from the color signals color-corrected by

~ said color correction procsssing means, and for
correcting image signals corresponding to a plural-
ity of recording elements on the basis of the correc-
tion data; and

color correction control means for causing said color

correction procasmg means to perform different
color correction processing operations when in 2
test pattern reading mode as compared to 2 normal
original image readmg mode.

39. An apparatus according to claim 38, whersin said
plurality of recording elements are arranged in corre-
spondence with recording agents having different col-
ors so as to perform muiti-color recording.

40. A.n' apparatus according to claim 38, wherein said color correction
processing means comprises an input masking processing unit for
performing processing in accordance with characteristics of said reading
means, and said color correction control means controls input masking
processing performed by said input masking processing unit.

%L An apparatus according to claim 40, wherein said
color corraction control means changes operation coef-
ficients of said input masking processing unit.



i mage signal correcting nmeans for correcting image signals corresponding
to recording elenents on the basis of the correction data Q3lSEPPTEMBERY999
said cal- culating neans; and 25 SEPTEMBER 1999 -161 control neans for
.variably setting a formation condi- tion of said test pattern form ng
nmeans, a reading condition of said reading neans, or a nethod of
calculating the correction data by ggbd cal culating nesas. 55. An
apparatus according to claimb54, wherein the reading condition of said
reading nmeans is an aperture size of an aperture in=ns disposed in front
of said read- id2 Anappardus atcordipatatclaimd8owherein saidcrelphcomrecip, oj n

the reading copgyde eald | Dnipiids ROmABRY olcssing anilifog peeformiagzes 57.
An appar at us ac@gééglkﬂgg% o e g

t,o cl aimb54, wherein_.the,. |.ng it f said
readi ng means i R"%Fels%agli‘Hg“ccgﬁg'é‘&eWmﬂ%ﬁﬁpﬁlﬁs{sggg@g( Bﬁ%ﬁg‘ﬁt" g @%&‘1‘? m 54,
wherein the readdngidcenior torrectifn centdok meanscontrols nasking precessing ofj ust i ng
qu=airyY 59. An gﬁg%ggluﬁéqﬁﬁggsghgguﬁig claimb54, further com prising a

resd' ng head conpri sing ural | of..ne hayinh @2 0ivhlese Rhidr eadi ng
condi tions correspondin gm{’%ﬁé’écﬁpﬁ %gﬁg%ﬂzg ;ﬁ'géﬁ%nr&iw ng menmms

i.Nn . ast one of a
recordi ng condition of BERRLS USRI JASK Fs‘?fé"ssmg -

t
60. An apparatus accor R SEH AT 5K F
44, An apparatus according to claim 38, wherein said
recording head is an ink-jet recording head.
45. An 2pparatus according to claim 38, wheren each
of said recording elements comprises heat energy gener-
ating means for causing a change in state of an ink by
heat, and cjesting the ink from said orifice on the basis
of the change in state. .
46. An imags forming a2pparatus for forming &n mage
on a recording medium in accordance with image sig-
nals on the basis of color signals comsponding. to an
original image obtained by reading azn original image,
by using a recording head having  plurality of rcso.rd-
ing elements comprising an array, said image formmg
gpparatus comprising: .
color correction processing means for performing
color correction processing of color signals;
correcting means for obtaining correction data from
the color-corrected color signals upon reading of
predetermined test patterns, and for correcting
image signals corresponding to a plurality of re-
cording elements at the time of image formation oxn
the basis of the correction dats; and
colar correction control means for causing said color
correction procassing means to perform different
color correction processing operations for color
signals corresponding to the test patterns and color
signals supplied for normal image formation.
47. An apparatus according to claim 46, wherein said color correction
processing means comprises a masking processing unit for performing
processing in accordance with characteristics of said recording head,
and said color correction control means controls masking processing

performed by said masking processing unit.

48. An apparatus according to claim 47, wherein said
calar correction coatrol means changes operation coef-
ficieats of said masking processing unit.

49. An apparatus according ta claim 46, wherein said
recording head is an ink-jet recording head.



- reading conditions, and a nethod of calculating the correction data is
arbitrarily set. 6t. An apparatus according to claimb54, wheSSEPTAMBIR 8299
one of a recording condition of the test pattern. the reading conditions,
and a nethod of calculating the correction data is arbitrarily set in
accordance wth a history of said recording head. 62. An appar at us
according to claimb54, wherein said cold60orrection processing nmeans
conprises an input masking processing unit for performng processing in

accordance wi th chagRod £ejsirfit sdboffhsl td Elena&, winaein eazhd sai d col or

correction controlfrré‘gns CoRt QLE[&&p iwhgﬁ %%ﬁi;fl.g perfornmed by

sai d i nput masking, Si unr.t. . AN ing to claim®62,
galdancp o in 40

wherein said col 8H08FREEE:OH FAESRE AF gg%ensmo? eration coef-

2P,

’ A ns G
ficients of said hesandeIRGHRE M%ﬁ’ﬂg"ﬁ’?? : ar at us accor di ng
to claimb54, wher ef nthsabange sx®awi.ng head is an ink jet recording head. 65.

An appar at us accor d§ng A® ihegenreddingheppirarsatiaving Sadipg ecor di ng
e![ e{rentfs corrpriksg% t f2Nflading) RREhrigial lihagl i:;'e:tlS:'nit.‘:c_uéi’!:inm_sic ng a ch?Ege i n
state of an in e : : | ¢ifice on the
bass of the chanéf@.l nﬁé%?%g:%ﬁé‘ﬂd:ﬂ?é'@ﬁ:bﬁﬁﬂ%&a m
Jpn:lnm correction processing means for performing

colar carrection processing of color signals; and

colar correction control means for causing said color

correction processing meass to perform different

color correction processing operations for color

signals corresponding to test patterns supplied t0

correct image signals corresponding to a recording

means at the time of image formation, and color

signals supplied for normal image formatioo.
52. An apparatus according to claim 51, wherein said color correction
processing means comprises an input masking processing unit for
performing processing in accordance with characteristics of said reading
means, and said color correction control means controls input masking

processing performed by said input masking processing unit.

53, An apparatus according to claim 52, wherein said
color correction control means changes operation coef-
ficients of said input masking processing unit. .

$4. An image forming apparatus for performing
‘image recording, in accordance with image sxgmls.
using a plurality of recording elements comprnsing an
array, said image forming apparatus comprising:

 test pattern forting means for forming a plun.lfty of
test partterns on a recording medium by usmg 2
recording head;
' reading means for optically reading densities of the
plurality of test patterns recording on the recorfi-
ing medium by said test pattern forming means in
accordance Wwith predetermined reading condi-
ftions;
means for calculating correction data on the basis of
the densities read by said reading means; -

image :E‘;ru.l correcting means for correcting image
signals corresponding to recording clements on the
basis of the correction data calculated by said cal-
culating means; and
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control means for variably setting a formation condi-

ton of said test pattern forming means, a reading
condition of said resding means, ar a2 method of
calculating the correction data by said calculating
means.

55. Aq apparatus according to claim 54, whersn the
reading condition of said reading means is an gperture
size of an aperture meuns disposed in front of said read-
ing mesans.

§6. An apparstus according to claim 54, wherein the
reading condition of said reading means is a resding
area size.

~ 57. An apparatus according to claim $4, wherein the
reading condition of szid reading means is a reading
speed.

53. Az apparatis according to claim $4, wherein the
reading condirion of said reading mea=ns is a focus ad-
justing quandry.

59. An spparatus sccording to claim 54, further com-
prising a reading head comprising a plarality of heads
having different reading conditions corresponding to.
the r=ading condition of said reading mesns.

60. An apparatus according to claim 54, whersin at
lexst one of 2 recording conditon of the test pattern, the
reading conditions, and a2 method of calculating the .
correction data is arbitrarily set.

61 An apparatns according to claim 54, wherein at
least one of & 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.

62. An apparatus according to claim 54, wherein said color correction
processing means comprises an input masking processing unit for
performing processing in accordance with characteristics of said reading
means, and said color correction control means controls input masking

processing performed by said input masking processing unit.

“63. An apparatus according to claim 62, wherein said
color correction control means changes operation coef-
fcients of said input masking processing unit. .

64. An spparatus according to claim 54, whercin said
recording head is an ink-jet recording head.

65. An apparatus according ta claim 54, wherein each
of said recording elements comprises heat encrgy gener-
ating Tneans for causing a change in state of an ink by
beat, and ejecting the ink {rom said orifice on the basis
of the change in state. :



