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DESCRI PTI ON | MAGE REPRODUCI NG AND FORM NG APPARATUS
PRI NTER DRI VER AND DATA PROCESSI NG APPARATUS 5
BACKGROUND OF THE | NVENTI ON The present invention
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WQenerHlddy relates to an i mage reproduci ng PEREPIOOHITLTEY

apparatus, a printer driverji-and a data processing
apparatus, and nore particularly, to an i mage 10
reproduci ng and form ng apparatus capabl e of
bidirectional printing, while preventing occurrence
of color difference. The P55t i nvention al so
relates to an inkjet-type image reproduci ng and
form ng apparatus that can prevent | eakage of

O anspor P SEAREnRL o SRR Bonfofi e TSR, PR
relates to a prin%§§£g£%¥§?6m£ﬁﬁé2&% es i mage data

SO0 as to prevent erence in Dbidirectiona

Srecording and/or | eakage of electric charge, and to a

dagR-HROGRS S E=APRARat4e | oading the printer driver.
20 "I nkjet recording apparatus" is a type of inmage
reprodugidgresti® {Q/RLNG: 3oRABAIHSc1BXAMRLes: 9hadd1K] et
recordi ng apparatuses include inkjet printers and

f aegirmpaheinmaeii FOsnok SPYaPBRGhE QS S iRgvan bAkjLetata
mechani sm An inkjet recordi ng apparatus reproduces an
i mgecbyim] epparagus Nkndmopk glest denlai-her doi guiichag@d
droplets onto a recordi ng nmedi um (such as paper, an
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printing, while preventing occurrence of color difference. The
present invention also relates to an inkjet—type image
reproducing and fomming apparatus that can prevent leakage of
electric charge in an electrostatic attraction paper transport
mechanism. The present invention also relétes to a printer driver
that processes image data so as to prevent color.difference in
bidirectional recording and/or leakage of electric charge, and to

a data processing apparatus loading the printer driver.

"Inkjet recording apparatus” is a type of image reproducing
and forming apparatus. Examples of inkjet recording apparatuses
include inkjet printers and facsimile machines or copy machines
using an inkjet mechanism. An inkjet recording apparatus
reproduces an image by ejecting ink droplets or other liquid

droplets onte a recording medium {such as paper, an OHP sheet, or




-2- any other nedia to which the droplets can adhere).
The inkjet recording apparatus has an advantage in
that it is capable of high-speed and hi gh-resol ution
recordi ng operations. Oher advantages of the inkjet
WO Bes9Id¥g apparatus are relatively | ow 5 r Ba0ATPROIH06IS?
| ess noi se, and easi ness of2eol or printing using
mul tiple colors of ink. At the beginning, inkjet
recordi ng apparatuses spread rapidly for personal use
because of inexpensive pricing and high inmage quality
acATe CEFEWHEN 2 4P i isheditafr BUFpo SERpapwre) | fhgpink]et
recent years and cantinuing, .they have heep al so used
hs TCOTBID PERRTR RapBhPATTEEES| 1T 6FFT Clsi® CaRmg oF
over .fromJmai nst.ream el ectrophotographic.|ase
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pur pose” paper, 1nkjet recording apparatuses can
rephodidee R1gbrayal ity printed inmage as beautiful as
phot ogr aphs. Speci al purpose paper is generally
expensi Me tha Mgl hih g2 0: MBKE Srebbrdiingf dpahrb iRl Ofdchaes
and conpanies to introduce inkjet recording
appagialyses pedenal heeSidowaid o Mrabensiviel giicgagtand high
- managenent is required. In general, printed materials -
f otmaglef (red 1ty sechilevenb trhare gaince spscilil ghurnpoag eageal iThy
as photographs or pictures. However, it is still
10 di sevantcagearsi fortinnkyopt ty hecodeay sdpparstusesolor
that a high-image quality cannot be achi eved 14 NOV
2005 orNDD oS3 1II983 PG P00 42100 p3ger from mainstream
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electrophotographic laser printers.
To allow inkjet recording apparatuses to spread for office
use, two issues have to be solved. The first issue is
15 applicability to plain paper, which is a cost-—relatied problem.
When using special purpose paper, inkjet recording apparatuses
can reproduce a high—qguality printed image as beautiful as
photographs.
Special purpose papei: is generally expensive, and this
20 makes it difficult for offices and companies to }ntroduce inkjet
recording apparatuses under the situation where strict cost
management iz required. In general, printed materials for office
use do not require as high image quality as photographs or
pictures. However, it is still disadvantageousAfor inkjet

25 recoding apparatuses that a high-image quality cannot be achieved




-3- unl ess using special purpose paper. Meanwhile, ink
conposition has been inproved so as to be suitable 14 NOV 2008
and applicable to printing on plain paper. In fact,

many attenpts have been made, including devel opnent

WQROF/OMPE perneability dye inks, use of i nkPCIXAPIRep/011382

auxi liary agents, and devePBepnent of pignent inks.
owing to these efforts,. recent inkjet nmachines can
reproduce inages with the sane high quality as

achi eved | aser _printers on plain paper or copy
paper==%t PR ias S P OPRYTes. 10 The second issue
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di Sadvant ageous from the vi ewpoi nt of recordlng rate,

as deeIpph&tt oW GméleehEOPBRLROEAPNEsE hatropes f OkEE A
printing operation on the "surface by surface" or

" page) aympdands asiSsprd@icey efieesewithetich sady antAgMa0i ty
the recording rate, 20 attenpts have been nmade to

i mps kit bf fliackenoynofrst bie deanmpangr sequeneeperf or
exanpl e, increasing the ink ejecting cycle so as to
shorpiealbhased iimt ohgickéme, increasing the size of the
recording head, enploying a bidirectional printing

t echni qliee secorediieicet he thaurdserdbio seeats, AdntisehAnkinr
only those areas in which image 25 data are actually

pr FREEHSER ARBY-A(HE rRSTiATPa F ACREBHET GPFratdshe @Y £I9g51YT ink

2006 WO 2005/011983_ PCT/ JP2004/ 011382
droplets onto paper, while repeatedly driving a recordlng head to

and fro many times. This is a so—called “line by line” bkasis
recording technique. Since the recording head is much smaller
than the paper size, line-by-line basis printing is
disadvantageous from the viewpoint of recording rate, as compared
with electrophotography that performs a printing operation on the
“surface by surface” or “page by page” basis.

- To overcome the disadvantage of the recording rate,
aﬁtempts have been made to improve the efficiency of the scamming
sequence; for example, increasing the ink ejecting cyecle so as to
shorten the printing time, increasing the size of the recording
head, employing a bidirectional printing technique to reduce the
number of scans, and scanning conly those areas in which image

data are actwally printedscanned {(minimum path control). Some




- 4- machines have real ized a printing speed ‘faster

than el ectrophot ographic printing for small or medi um?t4 NOV 2006
volune printing tasks. Along with the above-descri bed

efforts to inprove the image 5 quality and the

WG BePATg speed, inkjet recordi ng appar at u8€5IPAiENia1382
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becone attractive office préducts. Especially, inkjet
recordi ng apparatuses are advantageous in cost, as
conpared with [laser printers, and application to

d t b th
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ag ent SUT Face paper |nkJ P et
appanat uses neke use of penetration or perneation of

liquid coloring agent into paper when fixing the ink.

Accor di gy, witBSHES BAL-6o0SLEEH NFoASS 6l ﬂn%;@gvé“tkg image

the 15 perneation process always acconpany the inkjet

r egeidifGindaRRALALNISRSy JBXadPli8Ri&f rouahihe SYBS-ANdes

constral nts include smel%éng of paper under the

i nhdwepeenef avatefiveopt AicBeskddict Nk Espieenl tyheingwel | en
or undul at ed paper cones into contact with the print
heashordtngl efeathi-ves Fagesvamagbend armegtond hempaparwith
due to secondary ink transfer. Fromthe viewpoint of

i nprsevi pgintbes aendiEapyi@ftiomio desipibetrrépiootsi hg being
position, it is desirable to set the gap between the -
hewrblaned bheaysgpeireyasars el hades cpuwsibl e. However,

unlike inkjet dedicated paper, plain paper for offlce
use i s HYEVIS spbikecias@rt Brianers SRepiishg RYEsETRNLth 2
Accordingly, if the %a 14 NOV 2006 @ WD 2005/011983
PGﬂ??TPEEﬁm4P51§E§8%9 cocloring agent onto the surface of paper,

inkjet recording apparatuses make use of penetratlon or
permeation of liquid coloring agent into paper when fixing the
ink. Accordingly, issues and constraints associated with the
permeation process always accompany the inkjet recording
apparatuses.

Examples of such issues and constraints include swelling of
paper under the influence of water contained in ink.- When the
swellen or undulated paper comes into contact with the print head,
defective images may be formed on the paper due Fo secondary ink
transfer. From the viewpoint of improving the accuracy of ink
droplet ejecting position, it is desirable to set the gap between
the head and the paper as small as possible. However, unlike
inkjet dedicated paper, plain paper for office use is not

subjected to anti-swelling treatment. Accordingly, if the gap




-5- setting scheme is too strict, snDothﬁreéoFaTng

operations may be prevented due to paper swelling. 44 NOV 2008

There is a tinme | ag between the | andi ng of ink dropl et
and the start of swelling, which corresponds to tine
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Accordi ngly, the problem of-5secondary ink transfer can
be avoi ded by increasing the recording speed, trading
of f slight inmage degradation, because priority is

QAT doind S8t GEpaE f SIooRr 1 CEr s SAT MG ERY b
bl is that the ink _adheri to the paper earlier
b oh oS Kot GUB, GRS THAM e i nk | anding on the sams
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fixing process. rectiona I'nting
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operations both when noving le to 15 right "and en
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paper changes between the outward stroke (I|eéeft

ri ghtiohdand itberahad & @keaditietbyt ondrebbing EBE Aebbsding

reason, color difference nay occur between the

oufpetd 1Hatfke oS annbig ihage @gtaddeobatkcasder pkRrity is

scanni ng band. This phenonenon is observed as stripes

20gioreer t@ppe ngpevhidingneges tathee actibalimagpraval étly, (ht

should be noted that, in this context, the terns of

primsgengstrhaiprneffick mege reproduci ng, and recordi ng

are synonynous.) So far, positive actions have not

been t dkerhe¢npraflep by thehethsr bt eghfingotoithe paper

di fference_because _t he degradation of inmage 25
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the 1 4 N O .r 2003. W) 2005/Q11983 PCT/JP2004/ 011382
spot later. This problem is assoclated with the ink fixing
process. In the bidirectional printing mode that allows the print
head to perform piinting operatlions both when moving left to
‘right and when moving right to left, the order of ink adhesion to
paper changes between the outward stroke (left to right) and the
back stroke (right to lefit). For this reason, color difference
may occur between the outward stroke scamming band and the back
stroke scanning band. This phencmenon is observed as stripes
overlapping the images to be actually printed. (It should be
noted that, in this context, the terms of printing, imaging,
image reproducing, and recording are synonymous.)

So far, positive actions have not been taken for solving

the problem of color difference because the degradation of image

quality due to color difference is not so serious as the
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-6- secondary ink transfer spoiling the printed
matter, and because such stripes occur mainly in the
hi gh- speed recordi ng node that gives priority to the
recordi ng speeds, wherein a certain degree of
wgeysauats on of the inmage quality is accept HSITIP2H/JIR382
11- 320926A di scl oses a techiti-que for solving the col or
di fference caused in bidirectional recording
oper ati ons (mhich i's referred to as "col or difference
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col or fference does not occur regardl ess of
sperf or mypti 1t-H8oDBE - 1:WRYodLC AN HicRH: QREFSE 18Dy Oy LRAE color
bi di recti onal recording operation. 15 JP 07-29423B
di gefesesce aRQtRERn Mhes-Hi6fia € GEE&ET b bre@h®lons (which is
difference. Wth this nmethod, the recording operation
| S refdrdedto adt “@ler Wiotdenhcdan bbdideet ii=warsbcstifaie, In
and t he skipped dots are conpensated for by the back
st itbke puBl iregitme the dentliegdiescl osgdises IRo hini3208RGA
enpl oys two 20 head unit, the subsystemunit for ‘
maicat@h ancacgnenisesto rapréttectfo cbble dibad. Beevndwe units
doubl e, which results in undesirable increased cost.

10 Heade clrgapdadgotiast fymapadh aohisl by, @ ®AEch k€ the resolution
probabrlrty of inks mxing with each_other thr.ough
t hEOWEPTNEP Biragre VoY @F%%ﬁwgﬁﬁ lipRe Wﬂ&%%l§¥P§EPQ%i€§ color
i ncreases,. 25 Wth the technl ue disclosed in JP
07 15’934:2 spth tlﬁet%ea B He> D 6t P2ND D7 0 Peerstingly,
PCTI
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or ggé%é%%%é?%bes not occur regardless of performing the one—
way recording cperation or the bidirectional recording operation.

15 JP 07-29423B discloses. ancther method for correcting color
difference. With this method, the recording operation is carried
out eﬁery ethex-dot in the outward stroke, and the skipped dots
are compensated for by the back stroke.

- Since the technigque disclosed in JP 11-320926A employs two

20 head unit, the subsystem unit for maintenance‘ang restoration of
the head becomes double, which results in undesirable increased
cost. Head cleaning time is also doubled, and the probability of
inks mixing with each other through the wiping blade for cleaning
the nozzle surface increases.

25 With the technique disclosed in JP §7-29423B, the same line




-7- is scanned tw ce because of the alternate
recordi ng (skipping every other dot), and the actua
recording tinme is substantially the same as the
one-way recordi ng node. This neans that the high-
wgp@soiiedsar acteri stic, which is one of the Zdvantoagesdss:
of 5 bidirectional printing7-cannot be achi eved.
Returning to the problemof swelling of the wood fi ber
(or pulp) contained in the paper due to noisture or

wat.er conponents of the ink, the areas on the paper
t 0 TWHTCReh iRk FeFRHIcers the HEFE Hée BREP AT bing

Thi s phenonenon is called a cockling. 10 Because of .
NG TRy 2o he *Barde STTPhcE BECOHe S ey eibsErFially
t he, di st ance bet ween the er _and e nozzle. face of ,
NG (BB T A HURa e T e CHGp AT ng " ‘CRE® PO T T ok
| N LOGY RARE o 318N tvmcﬁ%%k% 9z th Sg&%a%ﬁgeé"% paper
~may cone into contatt "Wt he "nozzl e Tace”in the
510541,CR8on-2, 1A  RFCRARICEL Bedidngabove. In such a
case, both the nozzle face and the paper. are stained,
‘and t hepgRRLOAYGSd RIS QR E kel SingXd# @Bl Yo fiber (or
degraded. Furthernore, the ink [anding positions vary
anguge cohfasaba fin0fhe tABE aGé 6Gt nPRShité ANS wee teddAents
cockling effect, and the i mage cannot be reproduced
acedrigiceliyk Ofnht hE-epapsr the? @ader oveffioRetichtsk prroplai®
JP 2000-190473A, JP 2001-235945A, and JP 2001- 305873A -
pr eflose becarpleinlated| Eeisr poadoynahak ged lede tcotld ing.
hol d the paper flat by electrostatic attraction in an
101 nRpeduseeeh rtde ngpcappar, athes pfper ehebiceophoeg naghet, and
apparatus). The electrically charged belt is rotated
t o teorlieyandtebplaisen the PBerhend storwi-ple Fost tdfofike By
hol di ng the paper through 9 NOvV 2086 WO 2005/011983
PCYeosidpa ferg Igyries depending on the position in the paper.

44 NOV 2005

When the cockling is seriocus, the paper may come into centact
with the nozzle face in the worst case, as has been described

15 above. In such a case, both the nozzle face and the paper are
stained, and the reproduced image quality is extremely degraded.
Furthermore, the ink landing positions,vaxy and are offset from
the correct positions due to the cockling effect, and the image
cannot be reproduced accurétely on the paper.

20 _ To overcome this problem, JP 2000—190473A,’JP 2001-235945a,
and JP 2001-305873A propose to employ an electrically charged
belt to hold the paper flat'by electrostatic attraction in an
inkjet recording apparatus {or electrophotographic apparatus).
The electrically charged belt is rotated to convey ‘the paper to

25 the recording position. By helding the paper through




-8- electrostatic attraction, the paper can be
prevented from floating on the belt, and the paper
surface can be maintained flat. In JP 2000-190473A,
the i mage recordi ng apparatus uses a 5 conveyor belt
wo gnns/pngdisporti ng paper nmaki ng use of el ect POTHRANZ011382
attraction, and voltage appldircati on nmeans i s brought
into contact w th the conveyor belt. The conveyor
belt is electrically charged by the voltage
ation.nmeans such that a belt-like electric

appl i !

chsﬁacgtraﬁgﬁwb%*ﬁrsﬁtﬂﬁgrt*aﬁnp?%erf 6Phed BTEERESDEFT™ I n

JP_20Q1 10 235945, eleqgtric charges.are applied ta the
oSS RSP (6 T U ity THEPen T On FHbBE JRvBbar e

belt by charge application . means. However, if an

el ectric charge | eaks fromthe paper for sone reason

during eQomxeyeiteopl;shha Rangle Aleehigs taﬁf;éx%t%% juses a

attraction between the paper and the conveyor

sVeak apdr ther Ertihd -t BQAG {dO08f | 8 ectrostati
degrlg\g}ggj: To over cgﬁfg:%tf]ils,an]?ér?é\]P 2000- 1004 73A e

di sphaceidl an®aRstide apflQvhtes head¥ove budteashtd contact

portion of the power supply for applying a voltage to

anwetieahe ashaty@ gener ho lcotpwat-dodlove dibet2@aprperarged

hol di ng surface of the conveyor belt. This arrangenent

ai b theovgrteye nippil idatfivomebhowunh thatoa tHedtpower electric

supply and prevent wundesirable short circuits. Since -

i nkhahgepfliettsirdop) motteth dat Dorared ego -0t rigpliredinud® 2001-

(such as paper) in an inkjet type inage reproducing
10and33Meni HigCtpl: ahpegest ars apleed B dhelmapps or the

possi bilities of occurrence of 14 NOV 2005 WO. _

2005 O EieR Feptyy kpbd @8/ e ggveyor belt by charge e_tpplicatlon

means.

44 NOV 2008

However, if an électric charge leaks from the paper for

some reason during conveyance of the paper, electrostatic
15 atitraction between the paper and the conveyor belt weakens, and
the paper transport condition is degraded.

To overcome this, in JP 2000-190473A, displacement means is
provided to move at least a portion of the power supply for
ap-plying a voltage to an electrostatic generator upward above the

20 paper holding surface of the conveyor helt. This, arranganent aims
to prevent ink from flowing into the power supply and prevent
undesirable short circuits.

Since ink droplets are ejected onto a recording medium
(such as paper) in an inkjeit Lype image reproducing and forming

25 apparatus, there are always possibilities of occurrence of




-9- electric charge | eakage due to the noisture
conponent of the ink absorbed in the paper held on 14 NOV 2005
the electrostatic attraction belt. The degree of the
el ectric charge | eakage depends on the anmobunt of ink
wadheoiisg to the paper. 5 Although the i mageCT/JIP2004/011382
repr oduci ng/ f orm ng appar at-@s di sclosed in JP
2000- 190473A is adapted to prevent electric charge
| eakage fromthe conveyor belt, it does not address
the_prevention of |eakage of electric charge due to

i nRIFGIERF fCharer Legass aifdl toalCoPptrorn FHEOE eft WE ink
SU R - THE | NVENTI Th t _jnvent|
COREEIVE ¥ L BRPOR PERD B gvo = GaRCF G B OBEbim Rett-
th rjor art, d it is bj f .th t
DRl BT Ll odf: ACRE oy

g???oﬂﬁicgcgh%giﬁ’é’ tgf{heec%%#{eglﬁy correcting col or

erence in ~“brdire al recording operations,

5W t‘hOUtAflﬁ%ﬁé}pgzh% h€1a60 S ert8audAg i rRAind REpSReed diQc88sea
down. It Is another 0Object of t%e present i nvention-to
| preMet 2odeakeneacis elsstdd € ¢hataescaused :l%é_r{;é Qkfage
droplets Ianding on 20 a recording nedium while
maicpdaitAk NEns& A BoRAPer dokansfosddrpes FokmpRsenansh bihe
i mge quality reproduced on the recording nedium
hi gbaxate &t bieveithesegehjuects ink hesanburibciadd itakand
adhering to a recording nediumis efficiently
corbsalbkédnsthapaper.prevent at 25 | east one of col or
difference in bidirectional recording and 6 4 NOV 2005
10WD 2005/ 011983 PCTI JP2004/ 011382

SUMMARY OF THE INVENTION
The present invention was conceived in view of the above-
described problem in the pricr art, and it is an object of the
present invention to realize high-speed, high-quality image
15 reproduction by effectively correcting color difference in
bidirectional recording operations, without causing the cost to
go up or the speed to go down.
It is another obiject of the present invention to prevent
leakage of electric charges caused by liquid droplets landing on
20 a recording medium, while maintaining stable paper transport
performance and the image quality reproduced on the recording
medium high.
To achieve these objects, the amount of ink adhering to a
recording medium is efficiently controlied so as to prevent at

25  least one of color difference in bidirectional recording and




-10- | eakage of electric charge occurring when using
an electrostatic attraction belt. In one aspect of $ 4 NOV 2006
the invention, an inage reproducing and form ng
apparatus conprises a recording head configured to
wep@st1198 | iquid droplets of at | east one c@CIIPZNH11382
capabl e of bidirectional reddrding, and a controller
configured to control an anount of |iquid adhering to
a recording paper so as to reduce color difference
occurring in_the bidirectional recordin Preferably, .
i STGHer of IFSFCHAS Faget é?cﬁflﬁﬁﬂgoﬁh%h}“?jg%ﬁ? %Ctrosléam
det n1nes %% ther an object to be output is text. The
coﬁ :%FFé?l g %&s not performa process of reducing the

CO1OT b IBLAGRMNEN o NG ONBEL L0 heyd %&&hu!:fng and

text. ?erna rve erm ha 1 on

dethHEn'&eg%%ﬁ}aﬁ% E&'ﬁ% Qe? & Qgéﬁgﬁn@rﬁga& h:%n@ ; ej ect

colors Idirectro ecor di ng. In t

5 Ca3€quid Br&RBEL Q)lfl £f 1230088 AlrPSld QA pa;f_ocess of
reducing the color difference when the object to be

OULREHrdcSidRl fLxkdahd ¥When theJundecoffi ®ebors cdritrol
one. In a preferred exanple, the controller
selaacdnovet wiperdweanEkhetitdeb a reoatdiol| @thegadtas to reduce
correction for controlling the anount 20 of liquid
adkesdodisfrrascd octwcing irhehe dlidt rehtl drerle neexain@n
ordi nary ganma correction not addressed to reduction
of the Cotferabldi.ffler encerolbasddson dehermdeneron paty dhat
result of the determnation unit. In a preferred

10 ex daptenineshehednrr & [obledis 9 ke cuhpytolis dipxt 2 Thgaprdroller
value to performthe controlled ganma correcti on, and
us €eq NPt NEYIoE0E PIASe® 0 H3AWwE3d Ftw/ 9@?@0@@?{8@2 when

the object to be output is text. Alternatively, the dete:t:m:.natlon

unit detemmines an object to be cutput and the mumber of colors
used in the bidirectional recording. In this case, the controller
15 does not perform a process of reducing the color difference when
the object to be output is not text and when the number of colors
is one.
In a preferred example, the controller selectively performs
either a controlled gamma correction for controlling the amount
20 of liguid adhesion so as to reduce the color dif:ference or an
ordinary gamma correction not addressed teo reducticon of the color
difference, based on the determination result of the
determination unit.

In a preferred example, the controller uses a controlled

25 gamma value to perform the controlled gamma correction, and uses




an ordinary ganma value to performthe ordi nary gamm
correction. The controlled gamma val ue is a product 14 NOV 2006
of the ordinary ganmma value and a factor K, wherein K

is set in the range from 0.35 to 0.65. Mire

wopnefrabl y, the factor K ranges from 0.5 tpcbnRogo11382
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When duplexing is perfornediinh the bidirectiona
recording, the controlled gamma val ue i s obtained by
mul t'i pl ying the product by a factor M wherein Mis
less than 1.0. In another aspect of the invention, a

pr #hCEAIRFTY vETE VRS t ' PeBET: Bhe ORpPIRAEY aEa correction.
configured to process image data to _be supplied to an

i mage ref BRIEPHE LRI For #tify laph &ratid ehpds erdigrry

bi di ti I [ j . [ df

o] TPl B 8 SHGRT dbs TBISE T ageroond U8 57BN s
} q ! S o !

ol RS T et e o b b St neh i -

anpunt of [iquid adhering to the recording medium so
as to reduce color difference occurring in the

bi di r eGhiANaly) ek ££0% JiAG £oldba® PELES{BIEXRAR ecbABing,
printer driver determnes whether an object to be

UL ohSroh B gaer81dk §henaRtED by URittipRAndoas BRbduct
performa process of reducing the color difference

Whe ot hecteR) 8 CWvhéhem aldt pots ikat exb, Al ternatively,

the printer driver determ nes an object type and the
nunber Df afofrersadgteet dithé nagentiaha,a prthiwredeivert he
control unit does not performa process of reducing

t hental bed dinfd epemcer vheh comE gobgdedd pyopess Smage nata to
text and when the nunber of colors is one. $ 4 NOV

2009 sup) 120087 611988 PCHrIRRU0Y/ 81 S82ning2epparatus capable

of bidirectional recording using a recording head fof ejecting
licuid droplets of at least one color onto a recording medium, is
provided. The printer driver comprises a control unit configured
to control the amount of liguid adhering to the recording medium
so as to reduce color difference occurring in the bidirectional
recording.

In a preferred example, the printer driver determines
whether an object to be oui:put is text, wherein the control unit
does not perform a process of reducing the color, difference when
the object to be output is text. Alternatively, the printer
driver determines an object type and the number of colors used in
image data, and wherein the control unit does not perform a
process of reducing the color difference when j:he object type is

not text and when the munber of colors is one.




Preferably, the printer driver includes a gama
correction wunit configured to selectively perform 44 NOV 2003
either a controlled gamma correction for controlling
the amount of |iquid adhesion or an ordinary ganma
w@onos/eapdson not for controlling the anount eCTGPiov-posER?
adhesi on, based on the detefl@nation result of the
determination unit. In still another aspect of the
invention, a data processing apparatus for processing

i mage datato be supplied to an ima repr oduci ng and
f or mi ngtH Fla}msﬂa%am*@ro‘ﬁﬂmea i ’rré'gfl‘ii%?] & 93fpa correction

r e%%r dl n :lqusulrng %e"T veg.%ep%r IOEP edﬁg ect | ‘2’3—8}%? gamma

rre%!)fjfgt th.gn x %goll éheearfq %% cpﬁ C&%’? I n&esum or an

apparatus, Re %1 Sve-describe prl n ver
I ”%E&Ha‘%? rQ@tQLEH g{otaigf’ %Bnﬂg]f:ollgg I'lﬂg emolugp O:Ean
i mge 15 r pro uci ng and torm ng appara us capa

5Pr 8Y&Rl Rehd<88Ka98seObn eﬂrFeC hEAmERAI0R LiuPf QF dRd.

The image reproducing and formng apparatus comprises

a bwephsPestioneghani smconfigured to convey a
recordi ng medium by el ectrostatic attraction, an inage

recordi ng stimi tanc@itd gaseed 60 ther MRRtidBIE BRat fi@cessing
recordi ng medium by 20 ejecting liquid droplets onto

t heppacansdifeg pRdesdingalithgd €0t £6lbe Bddlieddd gurigdge
to control the amount of liquid adhering to the )
r eceptidoginge dnd fosoirgsatizrpiey eapalbleakde.dbfeciondlr i C
charge from the recording nedium In a preferred
10 exaapiraling heicort retordind bead|ivdes] ertifmamiagquizb droplets of
correction processing unit that controls the anount of
| i gbikpass 2 GO WIFP GOSEEETIBS HP@J-’WUPE@MP@&@%%Z In
-13-
the data processing apparatus, the above-described prlnter driver
is installed.
In yet another aspect of the invention, an image
15 reproducing and forming apparatus capable of preventing leakage
of electric charge is provided. The image reproducing and forming
apparatus comprises a transport mechanism configured to convey a
recording medium by electrostatic atbtraction, an image recording
unit configured to form an image on the récording medium by
20 ejecting liquid droplets onto the recording mediuvm, and a control
it configured to control the amount of liquid adhering to the
recording medium so as to prevent leakage of electric charge from
the recording mediwm.

In a preferred example, the control unit includes a gamma

25 correction processing unit that controls the amount of liguid




adhesion to the recordi ng nmedi umthrough gamma

correction. For exanple, the ganma correction 44 NOV 2008

processing unit selectively perfornms first gamm

correction for preventing |eakage of electric charges
wamgseaennd ganma correction not 5 addr essedTirpo04/011382

prevention of | eakage of ele@tric charges. Wen

controlling the amount of |iquid adhesion, or when

performng the first gamm correction, a controlled

gamua val ue obtai ned by nU|tEE élng an ordi nary ganma
vaP@R?SB9nf§90F%ﬁ rReOYRRY RPALTR TR 1" ggympn 8OFTACERRT K

b | di t obj ect t f
data t os‘g’?e%g@@gueggﬁg R REEUE: EIE LG bk (o
f d d dj t al
contid c.%‘ﬁelyoié Bfrir i SR A8 SR SF A i
t o]
gg%%% gg Och F o?&%&c%ﬁ%&s %g& Cg%cglgd [lllld )&03£%&tlb)q Q'IOta

5 w'\/ééﬁr%)sglécg g:ﬁ)tslgrssv%%ﬂ{({no )EE%%%%QTB:? VQJeH@rlQ‘y C DF%%‘?\% or M

O her Om&%émtxfoﬁﬁﬂ& 8% aADchiady aﬁtqag@sadﬁ&sﬂoﬁe &F enent
20 invention wll béconme nore apparent fromthe

f obbowrRthfehaidied: Hessdopté@nchenc6ead1idd gamma value

conjunction with the acconpanying draw ngs, in which:

FI 6btakinks iy SChephyig &h agtmmadyl fasdr adivagb fector K

printing nmechani smof an inkjet recordi ng apparatus

aceeediongid osad. 25 enbodi nent of the invention; .14 NOV

2000 WD 2005/011983 PCT/JP2004/011382 -14- FIG 2Ais’
10a pl an Viewacfort Kemayaporseparitedofcedrdinnijetn object type of

D.

U_'

image data to be recorded. Alternatively, the value o€ the factor
K may be varied depending on an environmental condition, or
depending on the amount of data to be output in a page.

When conducting duplex printing, a seconci controlled gamma

15  wvalue cbtained by multiplying the controlied gamma value by

factor M (M<1.0) is used.

BRIEF DESCRIPTION OF THE DRAWINGS
Other objects, features, and advantages of the present
20 invention will become more apparent from the fol’lowing detailed
description when read in conjunction with the accompanying
drawings, in which:
FIG. 1 is a schematic diagram illustrating the printing
mechanism of an inkjet recording apparatus according to an

25  embodiment of the invention;




printing mechanismshowm in FIG 1, and FIG 2B is a
perspective view of the recording head unit used in
the inkjet recording apparatus shown in FIG 1; 5
FIG 3 illustrates a conveyor belt for transporting a
wom@ﬁmmmg medi um and a chargi ng roll er preB€BaP2agHi1ISL
the conveyer belt used in-fthe inkjet recording
apparatus shown in FIG |; FIG 4A and FIG 4B are
schemati c di agrans used to explain 10 the recording

t t.h h
F G 1P R 5% by Gl 6 AGF O e o 10 et
t it. of t k dj t. h
e o Mebiep, i '” 3 Gy &7 2t Ry B8 15 4 R Pr20hve

apefgwawschag%o%gﬂ%aga@ %31{, | L8k ﬂ%l ock%% ec&tdg}lae

I nventi on; uncti onal agra

i g%b%trggg REAN inex@Pi e of the printer driver

installed in a data processing apparatus to carry out

5gamm iy, esti0ls G o chivedof URALI aRak-block diagram
illustrating another 20 exanple of the printer driver

i nséarhety mBatiheaflataciMeess Soller 2P R HEain@t Citel Y

out gamma correction, as well as the control unit of

t heorivgge veepneed cimghantkiof Febgrdapp kst G0BReeat ef FIG.
to the data processing apparatus; FIG 8 is a

schemati c di agram used to explain occurrence of 25

color difference; 14 NOV 200S WD 2005/011983

PCT/ JPZU04/ ¢4 B38 ZFIGL54B RElr&, schAnd HcodgiyrinG useq r eXPlam

schematic diagramillustrating
10 the recording cperation of the inkjet recording apparatus shown

35 NOV 2008

in FIG. 1;

f y

FIG. 5 is a block diagram illustrating the conﬁrol unit of
the inkjét recording apparatus shown in FIG. 1 and a printer
driver connected to the apparatus according to the first

15 embodiment of the invention;

FIG. 6 is a functicnal block diagram illustrating an
example of the printer driver installed in a data processing
apparatus to carry out gamma correction;

- FIG. 7 is a functional block diagram illustrating another
20 example of the printer driver installed in the deta processing
apparatus to carry out gammna correction, as well as the control
unit of the image reproducing and forming apparatus connected to
the data processing apparatus;
FIG. 8 is a schematic diagram used to explain occurrence of

25 color difference;




perneati on of dye ink droplets into the paper; FIG
10A through FIG 10C are schematic di agrans 14 NOV 05
illustrating perneation of pigment ink droplets into
the paper. 5 FIG 11 is an exanple of stripes forned
womoshasgsaper due to color difference; FI GrCTAP2084/11382
chart show ng col or offset -ab-secondary col ors
represented on the L*a*b* chromaticity coordinates ;
FIG 13 is an enlarged view of the circled portion A
shown 10 in the chromaticity chart of FIG 12; FIG
14 is afHr-aph SFoed 16 diFf B AEkECAES Ghapr 1yjusdRating
and blue, as_a_function gradation scale (%; FIG 15A

i sSPEAEG1yPhAIYe il SR ISI6 098 ottt PESTHE, and FI G

ToA i o T SPFGnRioH Fhje 0F Stor CaTara Sre =ghd Fi G
R R e
P G R A S T

dr ¥Ry aftdared®.is a diagramillustrating an exanple
of ganma correction according to the first

embodi Nnefd,; 151iG 22Ghakr® dhodt R0 biEESdy ati fgoanaihesiors
exanpl e of ganma correction; 25 FIG 21 is a diagram
shewbngeridd ef aft 13388 Ofrodaiiaild NEM2R06s; WO

2005/ 011983 PCT/ JP2004/ 011382 -16- processing :

i mpl ement@dis ars di fdtaenid vigpest ofhedataied)@otson angdhown

10  in the chromaticity chart of FIG. 1Z;
FIG. 14 is a graph of color differences AE of r?d, green
and blue, as a function gradation scale (%) ; |
FIG. 152 is the original image of 100% color tone, and FIG.
15B is an image after the halftoning process;
15 FIG. 16A is the original image of 20% color tone, and FIG.
16B is an image after the halftoning process;
FIG. 17A is the original image of 60% color tone, and FIG.
178 is an image after the halftoning process;
FIG. 18 is a block diagram showing the data flow in the
20 printer driver; ’
FIG. 19 is a diagram illustrating an example of gamma
correction according to the first embodiment;
FIG. 20 is a diagram illustrating another example of gamma

correction;

25 FIG. 21 is a diagram showing different types of data




i mage synt hesis of these data obj ect s; FIG 22 is a

bl ock di agram of the control unit of the inage 14 NOV 2808

reproduci ng and form ng apparatus according to the
second 5 enbodi nent of the invention; FIG 23 is a

woddoggnansi | | ustrati ng an exanpl e of ganmma  eOT/IE0G4001882
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according to the second enbbgh nent of the invention;

FIG 24 is a diagramillustrating anot her exanpl e of
ganna correction; 10 FIG 25 is a chart show ng
amount of ink adhesi on, as well as data conp03|t| on

i rP‘TOI‘%RS%FdJﬁ‘eSWR}ﬁme%efithaﬁy?%eﬁ%nﬁfﬁe‘? &' 8ol ydEr e
K), for processi ng raphjcs data; FIG 26 is a diagram
i | PRI ARG St PF ITaRORER WREfte of gamma

t whi ch th t hesl -
Shown 18 T 5 ol i PGS B e

diragran

'F:%%%tﬁgaéfnn et an%ﬁguexa@pg&&m?gg QTR CQLLGEH | on:

| agr a 5t PR er exanpl e

a0mB, . COF rtﬁgtin%n’%%gl FIG 29 is a diagram

ustrating yet another "exanple of gamma correction;

and FI G163029 §53 R Q&kndl BOLRM Ot B8 ROS11COPRRERE | N
which the printer driver is |ncorporate according to

t he,second ~arkadigentrf stheal aveathan. o25%hb4diNMtion;
2006 WD 2005/ 011983 PCT/ JP2004/ 011382 -17- PREFERRED

EMBODI NEiNT S Ot s THR1 hAMENT1 (Nt rating another example of gamma

correction;

FIG. 25 is a chart showing amount of ink adhesion, as well
as data composition in ink adhesion, with varving gamm? ratio (or
Factor K) for processing graphics data;

FIG. 26 is a diagram illustrating still another example of
gamma correction, which is suitable for image synthesis shown in
FIG. 24;

FIG. 27 is a diagram illustrating yet another example of
gamma correction; . |

FIG. 2B is a diagram illustrating vet another example of
gamma correction;

FIG. 29 is a diagram illustrating yet anot%er example of
gamma correction; and

FIG. 30 is a block diagram of the host computer in which

the printer driver is incorporated according to the second

embodiment of the invention.




The preferred enbodi nents of the present invention are
descri bed below with reference to the attached 14 NOV 2003
drawings. FIG 1 1is a schematic diagramillustrating
the overall structure, 5 including the printing
worrgkenP®Em of an inkjet recording apparat RET/RIIEHN 138
an exanple of the inmage repidducing and form ng
apparatus according to an enbodi nent of the invention.
FIG 2Ais a plan view of the mgjor part of the

printin nmechani sm and FIG 2B is a perspective view
| PHSERAER RYEONSREE RB At EGREIPE of the | nkj et

T ustr B ARE et anvel PRI For FETRRpUNT R Ao

recordi. nedi um. maki use of .electrostatic..
e e R e e

| NYENU LORaTOE JiOKLGL 1§ REQLOLNG BRDRLALS dedfehildes
an"1nage recording unit 2, paper feed tray 4

5 POs$hdi ARG 88 ﬁr&ﬁtﬁ%@@éﬁaﬂ&sm,t he dpkhpled SCOLAHAY
appar at us” and acco ating paper 3 (as the recording

megdhbpdRhiufNgh e §aNsPakimiTRChHRRLS MnB gl HephkbARSRErdrdng
t he paper 3 supplied fromthe paper Peed tray 4 to the

| MBgeninbe4RRERE MtidraZng \hedh afbbdiBER: icE tiecandadion.
t he paper, the 20 paper 1s output to the output tray 6
at raghed 10 athensiter pangle mofort he-trar neHeodyimfing he
i nkj et recording apparatus 1. The inkjet recording
appacishisn, ]l aad FAGI M dees parsheoltexe wgew udltstkatwhg che
is attachable to and detachable fromthe nmain body of
10 t hbeadh ktetctapp arfatiys itk din rperrddnrapgachihys e XEL6r | htlieng,
an 25 image is printed on the first face %top face) of
papeterstiaidagraNOd s ong TG IF0gFTEYegRlt for transporting
PCT/ JP2004/ 011382 then, the paper 3 is fed in the
baé kKiRsPaLdicr BeHG Ty ne HES PF SSPOTE TR h RS mtson

tovardthe QURl e 08 U T g8 18, Paper

The inkjet recording apparatus 1 includes an image
15 recording unit 2, a paper feed tray 4 positioned on the bottom of
the inkjet recording apparatus and accommnodating paper_3 (as the
recording medium), and a transport mechanlsm 5 for transporting
the paper 3 supplied from the paper feéd tray 4 to the image
recording wnit 2. When an image is recorded on the paper, the
20 paper is output to the output tray 6 attached to,the side pénel
of the main body of the inkjet recording apparatus 1.
The inkjet recording apparatus 1 also includes a duplexing
unit 7, which is attechable to and detachable from the main kbody
of the inkjet apparatus 1. In performing duplex printing, an

25 image is printed on the first face (top face) of paper 3, and




3 is reversed to make the back face up. The reversed
paper 3 is again supplied to the image recording unit
2 to print another 5 inmage on the back face. The
dupl exed paper 3 is output onto the output tray 6.
WORWSIOHE¥e recording unit 2 includes a carr iPSgePIB+/piapsy
by guide shafts 11 and 12-36-as to slide along the
gui de shafts 11 and 12. The carriage 13 is noved in
the fast scan direction 10 perpendicular to the paper

Tt R HERE" 24 1F & otth 6 TRARE E4T g0 35 The
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[ h 14 h l 4 f | Lfi
22%9%:%;3@% ME2hans im ?Stor%%% W& du%)’:eoiézgnﬁrﬁ%c g R ;e'trgij I%ﬁpaper

ejecting Iiquid drople us

FI G i52 %ev«%gse!dngo g AL Lkl %kléaéesufi‘.l e %Lgéjd 9)?1%491% is

carri age I'n a detachabl e 15 manner in order

SURRhdh kiygsisdgi K +4O J}ng% LecHEhadeas Ldpriithendidler
repl a

carfridge 15 may be placed by a sub-tank so as to
ssupRhde bRk BRaK BeodTairke HapkeeRObaeR0NW):s b@fREonto the

recordi ng head 14. The recordi ng head 14 has, for
exagphe, tfgQue. i ndependent 20 inkjet heads 14y, 14m
14c, and 14k for ejecting ink droplets of yellow (Y),
cyan (cThe nagentracgdding amdtld dekldBE, a respeadd velheld by
as illustrated in FIG 2A and FIG 2B. Alternatively,
t heuideesbadlisnyl reddi2l 4o resy thaaleda aliongl Ehel akjdet shafad 11
having nmul tiple nozzle arrays for ejecting the ’
r e$p@dii- v ghoriggefld hk mgresliat she Z8st tscgholilrgcben
noted that the structure of the recording head 14, 14
10 NOvezBogicwier 200510 PEDSS Ipet/dipeobiprory 38 fast grag etor
ink colors, and the_nunber of colors are not limted
to {pq>]1é§gowrgx aﬁ.pqe@g_rdlng head 14 is mounted in the ca}frlage 13.
k The recording head 14 has a plurality of nozzle orifices 14dn for
ejecting liquid droplets, as illustrated in FIG. 2B. An ink
cartridge 15 is also mounted on the carriage 13 in a detachable
15 mamner in order to supply licquid ink to the recording head 14.
The ink cartridge 15 may be replaced by a sub-tank so as to
supply ink from the main tank (not shown) to the recording head
14. |
The recording head 14 has, for example, four independent
20 inkjet heads 14y, 14m, l4c, and 14k for ejecting ink droplets of
vellow (YY), cyvan (c), magenta (M), and black (B), respectively,
as illustrated in FIG. 2A and FIG. 2ZB. Alternatively, the
recording head 14 may have a single inkjet head having multiple

nozzle arrays for ejecting the respective colors of ink droplets.

25 It should be noted that the structure of the recording head 14,




The inkjet head that structures the recording head 14

has an energy generator for generating energy for 14 NOV 2008

ejecting ink 5 droplets. Exanples of such an energy

generator include a piezoelectric actuator using
WoR@eEPBctri c el enents, a thermal act uat oPCHIPHEH/011382

el ectric-to-heat convertingl@--enents (such as heating

resi stors) naking use of phase change due to. film

boiling of a liquid, a shape nenory all oy actuator

maki n se of netal 10 ase change due t enper at ur e
ARG Bt S coF ABL GFS it imted Fo' ke
el eg tatic force. A sheet of paper 3 is extracted
froma stack of paper placed in the paper feed tray 4
by a pi ] l.8r.)
supar ot { g BT At SR oeeg, B et feaq g nes
U1 aNSRRELy MRGBANIS NS, LBnd A8 MR eReRRA¥oP T LBE Hynkiiet
recordi ng Tapparatus 1. The transport necﬁanlsn15

51 NEk&ERS s A FxbARNGR0LE Gibh 48 2dergfaydh&atoduhdrgaus f ace
23a for guiding the paper 3 supplied from the paper
f e gfleddedycidrivpy@fie tan s and) bi Sbes bt fraceeLalnt oy agttiedinay
20 the paper 3 fromthe duplexing unit 7. The
t r anspabr wRehaslicett fio-tahzati smvadesgasferdts olsher ag4
for feeding the paper 3, a pressure roller 25 for
pr ésstiimg tdwdspaper n3<iagatars vt tthesé eddnge ghikero Z4lm dpoilin
gui de 26 for guiding the paper 3 toward the feed '
rolfer 124uida guitdpe 2frmbay agleyliagguates pupes Bebhat kward
to the 25 duplexing unit 7, and a holding roller 28

10f ophints] @hangedevin teheerperaiNOy JE08S . W20 5LeatrggEtic
PCT/ JP2004/ 011382 -20- paper 3 fed fromthe feed
r oPFE#atoR ustRg ?*%ﬁ%ﬁ%ﬁguh€€ﬁﬁhisn15 al so i ncludes a

conveyor helt 33, , :
A sheet of paper 3 is extracted from a stack of paper

placed in the paper féed tray 4 by a pickup roller (meniscus
roller) 21 and a separating pad (not shown), and supplied to the

15 transport mechanism 5 in the main body of the inkjet recording
apparatus 1.

The transport mechanism 5 includes a transport guide 23
having a guide sﬁrface 23a fox guidinglthe paper 3 supplied from
tﬁe paper feed tray 4 uﬁward and a guide surface 23b for guiding

20  the paper 3 from the duplexing unit 7. The transport mechanism 5
also includes a feed roller 24 for feeding the paper 3, a
pressure roller 25 for pressing the paper 3 against the feed
roller 24, a guide 26 for guiding the paper 3 toward the feed
roller 24, a guide 27 for guiding the paper 3 backward to the

25 duplexing uwnit 7, and a holding roller 28 for holding down the




whi ch is wound around the driving roller 31 and the
tension roller 32 to transport the paper 3, while
mai ntaining the 5 fl atness of the paper 3 below the
recording head 14. A charging roller 34 for
welastrwgal | y chargi ng the conveyor belt 33 mndirano4/o11382
guide roller 35 are arrangecdoen either side of the
conveyor belt 33, such that the conveyor belt 33 is
hel d between the charging roller 34 and the guide
roller 35. Although not shown in FIG 1, 10 a platen
pIéP@E¥§rﬁﬁbﬁ@Wﬁ ehecgoFridfsridel t 33 so as to face
t he ge recording unit 2 and a, cleaning roller nade

of a po.T B rARHOE %Chﬁﬁ'smr érﬁ@PnbnqlﬁQe%&hg?W%%rPﬁlﬁ
belt 33 bel t

D poambd Tenrd AR Ras delre: ahosed SRS r»?nied

d d th |'ler, 31 and., th t

o e 32 e ey dhp e G Wl el b RS 0"

O
'S e(‘rgmﬂﬂl ay efor( Qn%_g:l%rg_@éiq )cl'ééeln tﬂﬁe fdo‘h@éy&obéﬁ:y as &‘Icp 2]

| ayer) 33a is e of or exanple, a pure resin film

SUCH i @S BN &ETEE DN SriBEE] I8l o1tielNsiRet b GkBESSwBfor belt

about 40 "Um which has not been subjected to

r esizst aRGeneentiolonddiorsegenss ikayela thaekn! aetladhg

is made of the same material as the first |ayer, and -

i S reUbdecl ethdt thd @8idd anTrxCBh! rakhdighngotc ahdan in THES. 1,

25 first layer (top layer) 33a functions as the paper
10at tar ptdticanplk4eNoner BOOGBng\WDe? 0057041 383t 33 so as to face the

PCT/ JP2004/ 011382 -21- face, and the second | ayer

( baokgd aperndi8@hmfiyne taind s c@sarannggr@l}ﬁdu regiel @@@r bgrovgn

internmedi ate resisting |ayer.
material for removing ink adhering on the conveyor belt 33 are

44 NOV 200§

also provided.
The conveyor belt 33 is a looped belt, and rotates in the
15 paper feed direction arcund the driving roller 31 and the tension
roller 32.

FIG. 3 illustrates a structural example of the conveyor
belt 33. In this example, the conveyor belt 33 has a first layer
(top layer) 33a and a second layer (back layer) '33b. The first

20 layer (top layer) 33a is made of, for example, a pure resin film,
such as an ETFE pure material, with a thickness of about 40 um,
which has not been subjected to resistance control. The second
layer (back layer) 33b is made of the same material as the first
layer, and is subjected to resistance control using carbon. The

25 first layer (top layer) 33a functlons as the paper attraction




The charging roller 34 is in contact with the top
| ayer 33a of the conveyor belt 33, and rotates 14 NOV 2005
following the rotation of 5 the conveyor belt 33. A
high voltage is applied to the charging roller 34

wo poavadsi gh- vol t age power supply (not showeCTarzoss/o11382
predet erm ned vol t age appl i-zati on pattern. Returning
to FIG 1, an output roller 38 is arranged downstream
of the transport mechanism5 to eject the paper 3 on
10 which an image is formed onto the output tray 6. In
t héaf$ra gl reprisgaed fgyandrek rﬁah’@r)aﬁé%rfé’[ﬂ&%lons as a
illustrated in FIG 1, the rotatin conveZ belt 33
r oGP EETh 18V Y S&cit B8 ermpdi dq FoTLS Ay PEeT

ol ler S raan ’fd-i%s?t%har FCoREse J%Ev%’ggwg?r 3

appl It%at Icg)nr\]re%'osr %Si]_‘g | gh *Eaac%s foEiX. ‘% g t Iel nl%tgtlon of

reverS| n t’y ad escri
> comear BENTRY 121 o The “eharsi 1h° 138%{ B frlenarging
Co‘%Iﬂrl ef £ bR aahg&wa@a %en %ﬁ tPaRSM) 34 &

supplied onto the Ttonveyor electrically

chargedeabindd AR YO lbatRati fie phbsdde of the paper 3
is polarized, and electric charges having opposite

pol ari t yet@i-Ring REUCRA 1N ahheuipit erdiase peiyeepadha
conveyor belt 33 and t he paper 3. The electric

chasgesreim bhetreonraisptrbektha3sart +bhejecoppesbhgr 3 on

charges induced on the paper 3 attract each other, and
10 25wbioms exjuent¢ yis fdwenegapero 8he sulhectrastatical |y

adhered to the 14 NOV 2006 WO 2005/011983 ,

PCT/ JP2804he 11882 »=pRodwinyeydr fomling 3®pasSimeceithvetrated

paper 3 is strongly adhered to the conveyor belt 33,

t hén Jafdi hgthe rehdbingt Fony<sor fadk Of retrdepaper prescribed

direction, and is electrically positively charged by the charging
roller 34 pressed against the conveyor belt 33 under application
15 of a high voltage. By switching {or reversing) the polarity at a
prescribed time interval, the pitch of electrically charging the
conveyor belt 33 using the charging roller 34 can be controlled
to a desired pitch.
When the paper 3 is supplied onto the conveyor belt 33
20 electrically charged at a high voltage, the insiqe of the paper 3
is polarized, and electric charges having opposite polarity are
induced in the interface between the conveyor belt 33 and the
paper 3. The electric charges on the conveyor belt 33 and the
opposite charges induced on the paper 3 attract each other, and

25  consequently, the paper 3 l1s electrostatically adhered to the




3 is corrected to a highly flat surface. The recording

head 14 is driven in response to pixel 5 signals by 44 NOV 208
noving the carriage 13 for one-way or bidirectiona

scanni ng, while the paper 3 on the rotating conveyor

wheloboidassi s transported. Ink droplets 14i axcauereoiask:
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fromthe recording head 14-2oward the stationary

paper 3, as illustrated in FIG 4Ato forma line of
dots DI of the inmage on the paper 3. Then, the 10

paper 3 is fed by a prescribed distance to carry out

t heonyeyesrfiligdopbierd She fRePey He 1ASSGorg e adierefeto the

i mage. The recording. operation for this page is

fi GPEHEATWfeh the thedsrding chemduiatingetuiioee of o paper
term nation signal or en the trailing edge of the
papet® $OFEEHEL @dh%q?\ﬁhhéaﬁ:e%‘btrfai:%g area. The dot Di

f d t h is.llustrated i . d
Vi ew i nTF aeegtnREea e b 4T e e S0 BT
been recorded is t Ut . :

e Bty (e R e T R el B Blaiile il
Co%&&ﬁhn}g‘["mﬁqiigochgfp&dé% 3l pkigl Lecond AhRPPRRRLESS is
(or the rnmage reproduci ng/tformng 20 apparatus) 1.

The .conitoly Uit 100 drach ddese aePdl @dod e recording head
controlling the overall operation of the inkjet

reqar givdgy dRPafAtBsark, paofOl| 21 fnistedeid Ng HIGOGARS
executed by the CPU 101 and other fixed data, a RAM -
103cffra temper addtsyDs todr ting iphdgeeln et papea RoMmehattiHee
menory (NVRAM 104 for retaining data during 25

shpbgawms b felieby averessufipldy di sirdcanoASiGyl 06t thhe

ASIC 105 1 NOv 2006 WO 2005/011983 PCT/ JP2004/ 011382

- 23ecpriogsyesatimpuforattie owikputinei ghdhs ¥igge. The recording
i npl ementing i mage processing, including proc¢essin

of opardtdars foppdsisobagd drafmiahed when the recording head 14

receives a job termination signal or when the trailing edge of
the paper 3 is detected in the recording area. The dot Di formed
on the paper is illustrated in an enlarged view in FIG. 4B. The
paper 3 on which an image has been recorded is output by the
output roller 38 onto the output tray 6.

FIG. 5 is a block diagram of the control wnit 100 of the
inkjet recording apparatus {or the image reproducing/forming
apparatus) 1. The control unit 100 includes a CPP 101 for
controlling the overall operation of the inkjet recording
apparatus 1, a ROM 102 for storing programs executed by the CPU
101 and other fixed data, a R&M 103 for temporarily storing pixel
data, a nonvolatile memory (NVRAM) 104 for retaining data during

shutdown of the power supply, and an ASIC 105. The ASIC 105




rearrangenent of data, and for controlling the overal
operations of the apparatus. 5 The control unit 100 14 Nov 2006
al so includes an interface (I/F) 106 for conducting
data transfer to and froma host computer 90, which

wo gnps10983exanpl e, a personal conputer that fraroPIoems 133

5

a data processing apparatug3according to the

invention. The control wunit 100 al so includes a head
driver 108 for driving the 10 recording head 14, and a
head driving controller 1Q7 for controlling the head

dr PYRGESEEB 1Ny 28 MBIt FAPRRIE06CR &R RELHH B82S f ast
scan notor driving unit 111 for driving a fast ,scan
mOPEICCE T a i IS D R STEEA D6 VYT ngPGRi X $189r 6 3d
driving a slow n motor_ 112. The .control unit 100 . .
SRS RE=RRO ) SOvuE o IS T b Podt o1 g Wafeasions
deggg&%n %E |s fromthe environnental sensor 118

for deteCting the environmental tenperature or

hum di t ¥ A0 0N &G 3RO LS NAb1 A AR-AREEAtA7S106

panel 1 i's connected to the control unit

- NeggssahddihoRY iQ0n & dis Ry 8608 8 ORSRaLE BRS
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panel 20 117, and it allows a user to input

| n{RIdmLE OFok eGdinb BRI £ OferkBRa10 pBIEIHc@ e8] rihe ibiK et a
recordi ng apparatus 1. A high-voltage <circuit (or

povgta pupfsg)nd kfpd@ftuapplcyidiggatdigh Meichage .t thd kentrol
charging roller 34 is also connected to the control :
unithitl Q00 =dsd irchedesoathesld dniver10® contdraling hibe
ON OFF switching and the 25 polarity of the high
voktageing head t14] lahd & INGW 206Ny \WOn26015/0 11008 3or
PCT/ JP20041011382 -24- The control unit 100 receives
pr Pertrgat moathe head grévéades. e ¢t haihod0 also
apparatus 90 via a cable or a network, and
includes a fast scan motor driving unit 111 for driving a fast
scan motor 110, and a slow scan motor driving unit 113 for
driving a slow scan motor 112. The control unit 100 has an
input/output mit 1i6 for receiving various detecting signals
from the environmental sensor 118 for detecting the envirommental
témperature or humidity and other sensors (not shown) .

An operations panel 117 is connected to the control unit
100. Necessary information is displayed on the operations panel
117, and it allows a user to input information required for the
operations of the inkjet recording apparatus 1. A high-vcoltage
circuit (or power supply) 114 for applying a high voltage to the
charging roller 34 is also connected to the control unit 100, and

the control unit 100 controls the ON/COFF switching and the

polarity of the high voltage circult 114.




tenporarily stores the print data in a buffer (not
shown) of the interface 106. The host apparatus 90 14 NOV 2005
i ncl udes data processing 5 apparatuses (such as
personal conputers), inage readers (such as inmage
weecannans), and i mage pi ckup appar at uses (SWwCiTIRmN4/011382
digital caneras). The print4data supplied to the
controller 10 of the inkjet recording apparatus are
generated by and output fromthe printer driver 91
installed in the host_apparatus 90. 10 The CPU 101
reads t A8 FPPRolEwiE 19 r’ﬁefﬁ’eveﬁu?lfjé“ft W Ak thentderiees

28 58“13:‘%&%%%2?%5% LW fad, %o&%@% PapTaRES. ehgh

p| xe ?nﬂ{emé?%es %}éag%%h \??Pa 1%3%% ‘?‘f ng’i REOCHS 28 tne
CoE‘M@éx%‘aBQ 1%f6 tﬁ% R&A@ép 3hAud Bh0s 1%!155@&’ ol r%éeéiﬁ%g

for outputti I's carried out byt print

5dr hﬁﬁira%&ség (Eﬁ& HOSleraRRar é&r&dy%t@@s)byHﬁa%ﬁekéHHte [l Cas

data into bitnmap data. Alternativel'y, print data

Y_mQ% cemRiEed ah@ inBhd PRRKERALApMYathBEs entl Akl &1gi1a0
of the inkjet recording apparatus, using font data

St eafthakn. tihe ROM: 182 4@plhes heachd Ebiifg1&onor of kae
107 receives a line of pixel data (dot pattern data)

COhheR0neidigitd appacansiarg ddnaeatdd bheand ecardi Aigm the

head 14, and outputs serial data to the head driver :

108rirsyemctriont z8d ingtshled dhotle $pgnabrardies Hdad

driving controller 107 also outputs a latch signal to
10t he heal@helAPVe¥01108dgt sy estnt Beth 28 thhei ffet o NCye

2006 WD 2005/011983 PCT/ JP2004/ 011382 -25- The head

dr ivterfaceiObol aner a3 yZeh chadesnh ROM B1e B3t iy executes

pattern data for driving pul ses, and a driving puI se
geﬁ@?%ﬂ?ﬁﬁ@ image processing operations, such as rearrangement of

data, and supplies the preocessed pixel data to the head driving
controller 107. Conversion of the print data into bitmap data

15 used for outputting the image is carried ocut by the printer
driver 91 of the host apparatus 90 by developing image data into
bitmap data. Alternatively, the print data may be converted to
bitmap data by the controller 100 of the inkjet recording
apparatus, using font data stored in ﬁhe ROM 102.

20 The head driving controller 107 receives a line of pixkel
d%ta {dot pattern dataf corresponding to a scanning line of the.
recording head 14, and outputs serial data to the head driver 108
synchronized with a clock signal. The head driving controller 107

also outputs a latch signal to the head driver 108 at prescribked

25 timing.




circuit for producing a driving pul se based on the
pattern data read fromthe ROM The pattern data for
driving pulses may be 5 stored in ROM 102. The driving
pul se generating circuit includes a digital-to-analog
wooamgeribs for converting the pattern data pogatbsyonss:
the ROMinto an anal og formas,- and an anplifier. The
head driver 108 includes a shift register :that
receives the clock signal and the serial pixel data
fromthe head driving 10 controller 107, a latch
ci rcui t Tehdeaf ghdhion rortredltsLer irgledesoh Rk fohisfpring
register at timng of a latch signal supplied from
t heahewa ey Epig CedhingoPérs 1 Rd arffiEine vel s prpgreiting
for shifting the level of the output value fromthe
| aCEFFEitr 82 Prodkvdnh dadrivdPP R ST 08 S5 s itHR IRFFES R A
anal og switch array, the OV OFF 15 operation of which
S TEURATEN 1108 B+ Hie PROEERSTR 5P SBAta SRl B8
ON.CFE cont ol he .anal og switch array, a desire
Sar ForTRs Shartelf bRnePEA-SorBEy Ggeby pld8R RGrees
of _t . dj h ri I
and b i og SR atths; Ot ol MR et dica
pr 9%&?%%%:1_*&11% ﬁ%»pinéq 08188 ABRadakaq PIPGHRSSIAG: | S
performed in the printer driver 91 of the data
pr ocessirn rARRAALHS 108 1idkN8ieshASin@RPAIALHUS) +8Q: receives
whi |l e the workl oad of data processing is shared by .
t henprdibtersidhaV ehd SheasdkibnerieRNt datal Sfoml O Okad RB-iving
i nkj et recording apparatus in FIG 7. 25 In the
10exabpl213aOW07| i Eh€ah 6irduie fHatnifiches idrer r&fishas valile
NOV 4 2006 WD 2005/ 011983 PCT/ JP2004/011382 - 26-
coptrigld elifl?Pegiwhec Rtcoimpingses aalawhosigmbagepkidd from
nodule (CWM) processing unit 131, a bl ack c
genbe dtepdninindes contwileefValand a level shifter for shifting

14 NOV 2005

the—levél of the output value from the latch circuit. The head
driver 108 aléo includes an analog switch array, the ON/OFF

15 operation of which is controlled by the level shifter. Based on
the ON/OFF control of the analog switch array, a desired driving
pulse is applied selectively to the actuator of the recording
hgad 14 to drive the head.

F1G. 6 and FIG. 7 show examples of how image data are

20 p;ocessed. In FIG., 6, most of the data processiqg is performed in
the printer dxiver 91 of the data processing apparatus (or the
host apparatus) 90, while the workload of data processing is
shared by the printer driver 91 and the contrxoller 100 of the
inkjet reccerding apparatus in FIG. 7.

25 In the example shown in FIG. 6, the printer driver 91 has a




(BG UCR) processing unit 132, a gamra correction unit
133, a zoomng unit 134, and a hal ftone processing $4 NOV 2008
unit 135. The CM 5 processing unit 131 receives inage
data 130 from application software, and converts the
wdedsoabsr space for the nonitor display tectheebddfizs:
col or space for the inkjet_pgcordi ng apparatus. The
B& UCR processing unit 132 perforns bl ack generation
and under col or renoval on the CMy-space inmge dat a.
The ganma 10 correction unit 133 conprises an ink
adhedirohleoh® oWhirh cofrisead) getdmgasroemeniu gofgle KEM)
amount of ink adhering to paper, and it nakes
COPFXEEF BV tolt A8li mphtadkndensbtn/ ¥ndaralceletakFryailnt o
account the machi ne characteristics of the inkjet
r edBF/JCFRY PrappHiay Bisntbay it 9HE8F  SThrEFeRreE. 1hed
zoom ng unit 134 15 perfaorms a zooning operatio
acEUTHARACE i Hif t AR PeSBITEPFO R BFSStH qﬂﬁ% £ the S

di _ . The halft [ 1 t,.135

51 RS Bt 1] VEF BEnaPy B0 RATPEY TROL-SHOn)

for panranging. Lhe iomge ata.pntg, a.dal pal tepn Lo be
50 f=he %By onvEr dgl‘ op(? él ?

e, .
r eproduced I'n ets eject rom t’he recordi ng

gflggsg@rl%g 1’Acﬂ tflg %&Xé'ﬁ%keﬁ%gg"‘fbﬂ @.hé: Ii_ gt IIEB&CB_EIEJ 'Hp%'ératus .

as a contro r 140, mhlc% conprises a

cobQL HARRAISIEM: R e (EMperREARESSLAY &@Hu%tl%tléﬂ and

bl ack generation/under color renoval (B

Pr QR&SS L& URkdovh3Z%n aRd BV gRHARB GRGE egdta0 NTHEN hmk33.
As in the structure shown in FIG 6, the CM

10 Pr e68&8tNgh uhit 133LRprieaver tiaktdmeRE ecohanlspaee fof
the image data 130 supplied from 14 NOV 2006 WD
208531198 3rPEiud P2 G4 Gkd882 of 2¥nk tHeewppl i @E_}P@tn and it
software to the CW col or space. The BG UCR *.
pr ogless corgreghidn 182tipeifrartnanc batiutgeh@edti Trkiandnto
under col or :

account the machine characteristics of the inkjet recording
apparatus and the user’s preference. The zooming unit 134

15 performs a zooming operation in accordance with the resolution of
the inkjet recording apparatus. The halftone processing unit 135
includes a multi-level/binary-level matrix {(not shown) for
arranging the image data into a dot patterm to be réproduced by
ink droplets ejected from the recording head.

20 In the example shown in FIG. 7, the printer driver 91 has a
controller 140, which comprises a color management module (CAMM)
processing wmit 131, a black generation/under color removal
(BG/UCR) processing unit 132, and a gamma correction unit 133. As

in the structure shown in FIG. 6, the CMM processing unit 131

25  converts the RGE color space of the image data 130 supplied from




removal on the CWY-space i mage dat a. The“gaﬁnﬁ-—

correction unit 133 conprises an ink adhesion control 14 NOV 2008

unit and nakes correction 5 to the input and out put
signals taking into account the nachine

waEhas/aadsari stics of the inkjet recordi ng apparaews/amng:
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the user's preference. Thezyaage data subjected to
gamma correction are supplied to the controller 100
of the inkjet recording apparatus, which 10 conprises
a zoomng unit 134 and a hal ftone processing unit 135.
Théehe gRpEcasien spEtaub|ecthed A tHErzBHTERg 5r BEASE at
the zooming unit 134, and devel oped jnto a dot
paPY&ERS RS Hiylta LAw I rerfomsyvBlad ASFeFsfePrdarrk Chet
shown) Erovided in the hal ftone rocessing unit 135,
15TRERET B PP o THACE s TREA & 35F - cBISo P2 FgﬁI@ﬁEJeori Rt

bi di ti | di . Whi ' . to b ‘
ol VeGoBY ERE Tprgk eV oRTIBh. B i Fer BrnEe e ion
FI th h Fl 3.1 .G, .8 t. i ' .
145 gt B e gt e s W R, fe MaRdine

cogﬁaeﬁ%leems? 4 arbhack, nj@t' 2B dLChppd BN LAG AR (Myis
and ye

['ow and arranged in thi's order in the fast
sc?péﬁgéﬁggion. O course, the recording head 14 is
not limted to this exanple, and a different

arr angefmntnofe Agad subidtednd FBIR c601RESordTBYe RRpP1ied
enpl oyed. In bidirectional printing (or recording), -

Pr kftihagedBropRiral 00RS afce ipeictoramadinm hobdrathe, which
outward stroke and the back 1 4 NOV 2006 WO
20053130983 REH:df2004/ (Bl 382 = B8tfishe gkecefsinbemit 135.
carriage, and accordingly, the nunber of )
r eCheprineed idetws sok $Higecd tagdeantbrieg ey Binee
requi red for '
zooming unit 134, and developed into a dot pattern using a multi-
level/binary-level matrix (not shown) provided in the halfténe
processing unit 135.

Next, explanation is made of color difference in
bidirectional recording, which is a problem te be solved by the
present invention, with reference to FIG. 8§ through FIG. 13.

In FIG. & the recording head 14 comprises head units 14k,
14c, 14m, and 14y corresponding to black (K}, cyan (C), magenta
(M), and yellow (Y) and arranged in this order in the fast scan
direction. Of course, the recording head 14 is not limited to

" this example, and a different arrangement of head units and more
colors may be emploved.

In bidirectional printing (or recording), printing

operations are performed in both the outward stroke and the back




each paper are greatly reduced. On the other hand, the

recording positions in the back stroke are likely to 44 wov 2008
be offset fromthose 5 in the outward stroke in the

reci procating notion. In addition, wundesirable color

wodioéfrmnce is likely to occur due to the difdenantiss:

order of col or superpositionsbetween the outward
stroke and the back stroke, which degrades the
quality of the printed inmage. For this reason,
bidirectional printing is enployed in a 10 recording
motleckh it e €3rpieigey ianyl pecaHENF¥e okl AYTEFeed,
rather than the image quality. In the exanple shown
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on e spot first becomes domnant. 20 FIGs. 9A
t h0ugh. AC, 848 dF aQR 8B PREMAL: g SEfddatt 4N offward stroke

coloring agents inside paper when different colors of

dygnd ke 88k Rir8Ed enOft QebRRics AR §RAL Mo RBe ARGt
An ink droplet of color A and an ink droplet of color-

B afgee) et athst ep@perbidiracitibhsl pelgehy &S employed in a
illustrated in FIG 9A. The ink droplet of color A
shoico2Bidg mede peatTeAtes prhieripgper tBe msorflings spatdedraher
FIG 9B. In this 14 NOV 2006 WO 2005/011983
PCiH=20PROD 4031 §8211t89- state, if the next droplet of
color Bis shot into the same spot, the droplet of _
col or Bmpéhetramds shtir insilfe 3 hdnpelppdttedare ejected in

the order of black (K), cyan (C), magenta {M), and vellow (Y) in
the outward stroke. In the back stroke, ink droplets are ejected
in reverse order, that is, the order of yellow (Y), magenta (M),
cyan (C), and black (K). As a coloring agent fixing
characteristic, if different colors'of ink droplets land on the
same spot on the paper, the color of the ink droplet that has
landed on the spot £irst becomes dominant.

FiG_s. 92 through9C are diagrams showing distribution of
coloring agents inside paper when different colors of dye ink are
ejected onto the same spot on the paper. An ink droplet of color
A and an ink droplet of color B are ejected to paper 3 in this
order, as illustrated in FIG. 9A. The ink droplet of color A shot

first permeates the paper 3, as illustrated in FIG. 9B. In this




region of the first droplet of color A as illustrated
in FIG 9C. In other words, the first droplet of 14 NOV 2006
color A spreads’ to a wider 5 area than the second
droplet of color B, and there is a difference in
wo eoosmgesmr eas of col oring agents. Wien pri ntricagerwod/éissa
secondary col or produced by2eenbi nation of, for
exanpl e, cyan and magenta (C+tM or nagenta and yel | ow
(M+tY) , the color of the first-shot droplet becones
the dom nant col or conponent. 10 FI G _10A through FIG
10€taie 8 4§paretsHoR Al i seXabltioAPCbfinte| B fyre spot.

agents_insi de pager when different colors. of pignent

i nRR2 ORI CPEFOOHT & PRESIERRE® SPOY 0AThe paprarmealat
ink d | et f. col ink d t  of l
ar G LT e o BBt I T of e, THO ST T PAC o
in_Fl 10A. .The.i d I f A5 I A first .
o aTE MHE paBer 2o aE PO aran F Tt Tog vider
5Th%9eal q:%engé& ngrcﬁe%)fétf %ff oqlogrB,Bahé '&1'2:9% :L'gnao the

plet of color B y

sane spot, the dro conpl ete

l gere@ff&{aﬁ?e Eﬁrﬂl&ghg theas R’ PERLEH, rLeheh Qhed R bl witn

roplet of color A and gets deeper 7inside thé paper

3, aa§e<£o|nliéﬁ§7t E@I&dpfﬁuﬁé&ibyl Q&rbihBridd £ Ca%e, exlhiB120 cyan

coloring agent of the first droplet Arenmains in the ’

surbaceganea (caf) papekesta Whill@1lbe @etor thg @gentofhe
the second droplet B sinks into the paper 3. :
Comsegptenst Yiroplhe shmmastigrl &initact coher conbardntg
agent remai ning near the surface (first ejected

10dr opl et FI®) 1bectresss FI®NJOC ammddidwetns ghovimy dageribution
becones the dom nant 25 col or conponent. 1 4 NOV 2006
WDoZ088,01rk0 88=rRETLIRZE 0dB1 11882 dBTer@ut gphdisy of igment
FIG 8, since the ink droplets are shot in the order
of iKKGRMY dctied [vate uthrardlis EPOKED FifePRety et gtk droplet

of color A and an ink droplet of color B are ejected to paper 3
in this order, as illustrated in FIG. 10A. The ink droplet of

15 color A& first permeates the paper 3, as illustrated,iﬁ FIG. 10B.
Then, if the next droplet of color B is shot into the same spot,
the dropiet of color B completely penetrates through the
permeated region of the first droplet of color A and gets deeper
inside the paper 3, as illustrated in FIG. 10C. In this case, the

20 coloring agent of the first droplet A remains in,the surface area
of paper 3, while the coloring agent of the second droplet B
sinks into the paper 3. Comsequently, the characteristic of the
coloring agent remaining near the surface (first ejected droplet
A) becomes stronger and that coloring agent becomes the dominant

25 color component.




dom nance in the resultant col or tone becones K>CMY.

In reverse, the ink droplets are shot in the order of 1% NOV 2008
Y- M C-*Kin the back 5 stroke, the degree of

dom nance in the resultant color tone becones

w200sE1883 When enpl oyi ng bi di rectional recordiragongoi3s:
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i ncrease the recording ratgp-variation in color tones
in secondary colors or tertiary colors (CtMtY, etc.)
due to the ink penetration 10 characteristics has to

be taken into account. Especially when the paper is

fed by Beeeming fodiEx-ahc&inee dher ks AFauets ewehshstt fngthe
outward strokes and the back strokes), change in col or

t oR&IFRPE FESUME™Y AnsHR %)‘é’@“argsgﬁrPF%f:Pﬁt%r?% ¥l G

11. To red th I di £f bi t
or FRERGES s tendesiiari 5roF PR WE el jreveree.
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Iﬁ{::cgi éoﬂi 8?%‘9%;%;%% h bi di recfll%%{)ﬁ%%prl n%lgng&e“l'he

cobg&ongsf{,%@gﬁe in bidirectional printing is apt to
20 conspicuous as the col or saturation increases.

FI G 12¢phé& BmpiYiRralibchdae: shar Treé&lx@&ﬁdf; ng &Rl@bse the

changes of typical secondary colors of red (R), green

( Greantdiibl uite Blva@estibhi 110 cblor by e6tdcanahareearddisngr
on L*a*b* chromaticity coordinates, and FIG 13 is an-
enlargedyviw-of (ctiher Cetel)edupant tien iAk phaeti@ 13D

col or saturation increases, that neans, as the
poshétaanebietdne hat4tdOV 2006 inhd 2005601 E8B&ially when the
PCT/ JP2004/ 011382 -31- further away fromthe origin,

t heapddf det fdsebyweepettirén olitshanek aSteveke shivdke h(@abla@ri the

stroke becones |l arger for each color.
outward strokes and the back strokes), change in color tone may

result in stripes, as illustrated in FIG. 11.

To reduce the color difference in bidirectional printing,
the amount of ink adhering to paper is controlled or reduced in
the preferred embodiments of the invention. The amount of ink
adhesion is controlled by, for examplé, gamma correction so as to
reduce color difference in bidirectional printing.

The color difference in bidirectional printing is apt to be
cpnspicuous as the color saturation increases. FIG. 12 is a
chromaticity chart plotting color changes of typical secondary
colors of red (R), green (G) and blue (B) occurring in
bidirectional recording on L*a*b* chromaticity cocrdinates, and
FIG. 13 is an enlarged view of the circled portion A. As the

color saturation increases, that means, as the pesition becomes




In FIG 12, the nearer the origin, the lighter the
color, while the further away fromthe origin, the 14 NOV 2006
nore vivid the color 5 is. As the col or becones
vivid, the offset between the outward stroke and the
wbaak/osivgsoke becones | arger. Wen the a* valrag/samds/01h3s?
val ue reach a certain | evel 3ithe col or phase |ines
return toward the origin, as illustrated in FIG 13.
In general, color difference is represented as AE
using L*, 10 a*, b* values. Color difference AE is
exfretasdavsy SouathePriain, iae REast rEvepn Errowntiard
FIG 12, to ther with L* that is a brightness
comsBrEhend Abe Pagk| sgroke beppmes Jarger, for a?ailjl ‘%Pl!Pr( b*
- b*i) 2 1/ 2 15 wher ar
the L*, *FIGo*i%'aFﬁ%éleﬁjfera “éfc’&rlgjri'&'e%h% &118Ptera%8 EP}C’I
ared
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f
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bi it 561 1083kl 260! dge UnloBled NE-EHOVRERRE DG ue ana

i nkj'et recording apparatus. As in , as.the

COhQr 2 1hQNE- SHAL QolPLinC b1, SAHLIEBE 40BN 4N 6 58AS @8burn
color difference AE increases in the three colors. 25

Theolanerho ro%lg{n t Bg A esenteq iverid onsf ocused
attention on 14 NOV 2006 WD 2005/ 011983

PCT/ JP20044Q4138 %01 82 diEher-cheldene¥p@fseh et 8asa Eolfls:l.ng L*,
color difference along with the elevation of color

10t onRe , (IsatHl@lsd. optoradigrEpsing Arats cebosssedi Ff etenceni (L)
bi di r ect i onal recordlng can be reduced by
using a* and b* shown in FIG. 12, together with L* that is a

brightness component.

AR=[(L*o - T*)? + (a%o— a*)? + (b% - b*1)711/2 (1)

15
where L¥*; , a*p, and b*; —are the L*, a*, b* values of a reference
color, and L*; , a*;, and b*; are the L*, a*, b* values of a
cgmpared color,

FIG. 14 is a graph of the color differences AE of red,

20 green, and blue, as a function of gradation scale (%), cbtained
through experimental bidirecticnal recording using the above-
described inkjet recording apparatus. As in FIG. 12, as the color
Lone scale (or color saturation) increases, color difference AR
increases in the three colors.

25 The inventors of the present invention focused attention on




controlling or reducing the output color levels. To
control or 5 reduce the output color |levels, an input 44 NOV 2005
value is multiplied by a certain factor K (K<1.0)
during ganma correction. Wen color difference
weansereison (or control) is not perfornmed, PCHAPI0MNAILIS2
value is supplied as it is-68-the gamma correction
table. On the other hand, when perform ng color 10
di fference correction, a product of the input val ue

and the factor Kis input to th anrtna correction
¢ bl LeRIRPVHEE GHCHTES VaBLot FORTRECY IR MABD dhes

used for further processing... n.reducing the anmunt of
RISAGST O, SospEEFal YRt R 1 G o ates SRy oL
forcLbl.e ghange of eét*:lﬁn%ﬁ%eééfdin be, 12,600 gyed to
reduce the color Tevel. Wever, “these processes may

CounaerL ey PR 0y R UL (ot rn o

5i ”@Q&Jce! éﬁé(og{pdtnfz&[ﬁai&%ﬁsg% 11t1193td$£11,{@55 %ltﬂglied by a
generation of peculiar texture patterns.. I n contrast,

colkgrrdiavelcteont rakl Wi agiagfRehorcdiridtibhe 20 gama
correction can maintain the gradati on bal ance, and the
amount wfier BK1@UhEsi@Bncebbiargistot(sr cntbal)i nereased
or decreased within the tonal range. Ceneration of
ungesiarabl e the exiput evatad ial swpléepreventiadio The daekor
Kis set to the optinmm val ue taking into 25 account
t hecackitbwedaeld.eCt thrdotdeverad, effeacperibaplng tolag an
1 "NOV 20070 WO 2005/011983 PCT/ JP2004/011382 - 33-

10 evdiffarenre soatetofn ceol proddet fodr Bire dnAR: valsBERd [the

CLASS Col or Rating Standard _
factor K is input to the gamma correction table, and the output

value from the ganmma table is used for further proceésing.
In reducing the amount of ink adhesion, a special
decimation process or forcible change of the dot size may be
15 employed to reduce the color level. However, these processes may
cause serious damage to image guality, such as degradation of
gradation balance of the recorded image, lack of information due
to decimation, or generaticn of peculiar texture pattems.
In contrast, color level control using a factor K in the
20 gamma correction can maintain the gradation balance, and the
amount of ink adhesion defining dots can be increased,or
decreased within the tonal range. Generation of undesirable
texture can also be prevented.
The factor K is set to the optimum value taking into

25 account the achieved effect and adverse effect. Table 1 is an




D fferrence AE unevaluable 0.0 to 0.2 Not perceptive
for human range eyes; Error range of special -
condi tioned col or neasuring equi pnent Perceptible 0.2
to 0.4 Range of reproduction [limt accuracy of
wewbstiasssi al |y conditioned col or neasuri ngCegeANHE NES7
Limt of perception with reproducibility for well-
trai ned human eyes AAA 0.4 to 0.8 Range of setting
strict JIS LO804 tolerance color difference standard
JI'S LO805 from viewpoint of reproducibility of
obgﬁihﬁtﬁwhSF@Hgﬂﬁn#ﬂAAE@igeﬁﬁmi.gEPerceptibIe for
col or Defense tolerance difference by adjacent
st & : conparison; National Police Agency
standaxsd; [Errorcdiange ﬂontainingﬂﬂﬁ@hine di f
ol Ceneral shisspilag-e @eneral col or neasuring
| Nspesid-on akdqetbepive Gbehamae 1: 6 to 3.2

44 MOV 2106

f er enmesd

Scasgel y pe

®QUPOBNT St
rceived in se

pageat ed conpari son
Frror range of special-
conditioned color
measuring equipment

Perceptible
iimit

.2 to 0.4

Range of reproduction
accuracy of substantially
conditioned color
measuring eguipment:;

Limit of perception with
reproducibility for well-
trained human eyes

ADR
tolerance

.4 to 0.8

Range of setting strict
color difference standard
from viewpoint of
reproducibility of
observation judgment

JIS L0804
JIS 10805

3
I )

Ab
tolerance

.8 to 1.6

Perceptible for color
difference by adjacent
comparison;

Error range containing
machine differences of
general color measuring

equipment

Pefense
standard;
Naticnal Police
Agency standard;

General shipping
inspection
standard

A tolerance

.6 to 3.2

Scarcely perceived in
separated comparison;

Perceived as the same
color

B tolerance

.2 to 6.5

Treated as the same coloxr
at impression level,;

For paint, complained as
wrong color

Coloxr Management

| Tolerance of

Heterogeneous
Materials;
JIS B3305

C tolerance

.5 to 13

Corresponding to color
difference between color
systems (such as JIS color
system and Munsell color
system)

JIS 56016
JIS 56024
JIS 86037

D itolerance

13 to 25

Color difference
distinctive as celor
system name;

Beyond this, regarded-as
different color




Per cei ved as_fhe sane col or B.toleranceqs.é f6—6.5

Treated as the sane col or col or Managenent at 14 NOV 2008

i npression | evel; Tol erance of Heterogeneous For
pai nt, conpl ained as Materials; wong color JIS E3305

woQopligsance 6.5 to 13 Correspondi ng to col BET/IN24BEBE5
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di fference between col or JF3456024 systens (such as
JI'S color JIS S6037 system and Munsell col or system
D tolerance 13 to 25 Color difference distinctive as
col or system nane; Beyond this, regarded as
different color 1 4 NOV 2005 WD 2005/011983

PCT/ JP20041011382 -34- From Jable 1, color .difference
AEFFEs TRl epd: SOLOF SHELRIERA o E RATULP R0 SB" 81&‘(5?;\5‘3?%0?%)

i t i all | Ldjiff
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shown 1 n e gra on scale has to
reduce to % I SALN . ‘ (PPN i
ca}ge, %%scfo%? dtlﬁfgé%ernf%%i %g"l a?&n'g'gg&élﬁlﬁ or rr%t8 i E)°r% \%%%J dggeFIG'

| 084, 88U kAL I RRELIGURLY kY MOWkEud8 +&X0r €M Yess in
degr aded.
theory. However, in this case, most of the original image
information would be lost, and the image guality would be
extremely degraded.

If a halftoning process is performed on the original image
of 100% tone scale shown in FIG. 153, the cutput inag? becomes
one shown in FIG. 15B. If the halftoning process is berformed
after the gradation level is reduced to 20% form the original
image, as shown in FIG. 164, thén the output image cannot be
recognized.as illustrated in FIG. 16B.

To maintain the A tolerance lewvel defined in Table 1, the
color difference AE is set to 1.6 to 3.2, in which range the
color difference 1s scarcely perceived in separated comparisons.
Consulting again the relation between the color difference AE
qﬁd gradation scale (%) shown in FIG. 14, a satisfactory image
can be obtained by setting the gradation level to 35% to 65% of
the originatl image.

Through experiment and analysis taking both degradation of
image quality and improvement of color difference into

consideration, the inventors of the present invention found that




10 If a halftoning process is perfornmed on the
original image of 100%tone scale shown in FIG 15A, 44 Ngv 2003
t he out put inmage becones one shown in FIG 15B. If
the halftoning process is performed after the
wQerwadarPsn | evel is reduced to 20% f or m t he PEOTIIGL0A4N11382
i mge, as shown in FIG 16A35then the output inmge

cannot be 15 recognized.as illustrated in FIG 16B. To
mai ntain the A tol erance | evel defi ned i n Tabl e 1 t he
color difference_ AE is set to 1.6.to0 in whic
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ana yS| 58% f%brp%l g ﬁg Thr ough exper! ment and

I ng degr adation of image quality and
51 mprovepent 19f HQlOkndl HEEE BNGer | 1021 ¢ ORS 'cgg&_%tﬂ @&r

the inventors of the presént invention found that

- NOY=2008 +1A0;2008{ H11883 RETéRP3O04HL0dA3B21 3Rnge. When

i nprovenent of color difference in bidirectiona
I eperfirignile ndegfaadad irpBceds bhinge: ghalatiyn GaAthdled
bal anced wth each other by setting the gradation
| ewedget, 0a1b Qfadic0 qOALOHyOfatSefFbd g il agkoteibbe foletleanger
from0.5to 0.6). 5 FIG 17A shows the imge after the-
gr egatbeocbtadmtd,obs fidiustseted nigp FHe. grdadation | evel to
60% of the original imge. When performng the

10 hal f t onFyp phodesscdndt Hé grradat $esm Borit Fot [fedtor fagesd

an image quality satisfactorily perceptible for the
usér JEER JPETeRiar rBgulade seuseriiitesnds AR 0],3’% to 0.65,

more preferably, to the range from 0.5 to 0.6 to reduce the
amount of ink adhering to paper so as to prevent color difference
from occurring in bidirectional recording. Although the range may
15 slightly vary depending on the original image, the above-
described range is a sultable range for achieving satisfactory
image quality. With this fange of gradation level, the color
difference reducing effect corresponding to at least the level-A
t;lerance shown in Table 1 can be expected, and high-speed, high-
20 qpality recording operations can be realized in inkjet recording
apparatuses under little influence of color difference in
bidirectional recording.
In this embodiment, thé input data.value is multiplied by
factor K in order to achieve improvement. However, as has been

25  explained above, influence on the image cquality may vary




10 Fromthe foregoing, it can be seen that the factor

K used in ganma correction should be set to the range 4% HOV 2668

fromO0.35 to 0.65, nore preferably, to the range from

0.5 to 0.6 to reduce the anount of ink adhering to
wpapen118ss as to prevent color difference fPEmIP2004/011382

occurring in bidirectional +3®eordi ng. Although the

range may 15 slightly vary depending on the original.

i mage, the above- described range is a suitable range

for_ achjeving satisfactOﬁy i mage quality. Wth this

r af§eeSH g rad Bke GRUFEVFE| ©F tthe TP rdaty; f]%/neF%‘?rc &> through

reduci ef fect correspondi ng_to at_ | east ggg | evel - A

t of &F aride FHBRLTRETIBN LG AT PHE" & fB cTRGLoD YT

hi gh- . high 2 it di ti .

o SRS A0 U Yt poacsl T Rt ] 0,50

it . f ' [ bi di r-ecti I
| %ﬁ?ﬁ&&gfgggﬁﬁmeéﬁéﬁ%sqh§§ ence in i di rrectiona

recordit n I's e _ the input data value is
sl U1 Plrbed 3YpedEL Afexk ddtaOb{lP el AEll WWererms of w1iner,
as be

i mprovenent’. wever, as en 25 expl ai ned above,

| nfihUeRER 0N +f | gﬁgscggé@eht ¥n WRYmdY kY~ facd” NMeR 006 the
WD 2005/ 011983 PCT/JP2004/ 011382 -36- depending on the

CORLePtEefarbheinageddat fx 1) Nk Grenkbd ty en@ha1 Ftdaing
17, ganma correction using factor Kis carried out on
phekegsaphi«-tbrngad daimol &by tret be akg; bidegradat derimation
image quality may becone nore conspicuous. 5 This is
beegusersteXtdodat Fuatiermeys 0ducachliatingrpmmindéd "dekhefrom the
in contrast to imges expressed in terns of "face".

10 Evenandpotifre oft exdiordditidenseer dprddicediendctégorgigng, such
i ntended by the halftoning process, letters and
sy wb&bs dybiensoee Be Pughaieudue ipoPdiedkddickon whafh 1s

several dots. Furthernore, in evaluating printed text
fr 6aPFHEd as “lines”, unlike picture images captured as “faces”.

This means that it is desirable not to perform the control
process of reducing the amount of ink adhesion if the object of
15 +the input data is text. There are other types of objeclts, such as
graphics, including charts and figures often used in materials
pertinent to business. Since graphics data répresent information
by “face”, just like pictures or photographs, they aré.treated as
image data, similarly to pictures and photographs in the
20  embodiment. ,
FIG. 18 is a block diagram showing the data flow in the
prinfer driver 91 that performs the ink adhering amount control
process. When a “print” command is generated by the application

software operating on a data processing apparatus 90 (e.g., a

25 perscnal computer), the object determination unit 201 of the




10 standpoint of color difference in bidirectional 14 NOV 2006

recordi ng, such color difference is inconspicuous in
printed text, which is captured as "lines", unlike
picture i mages captured as "faces". This nmeans that it

W g00gesPssabl e not to performthe control prETIBHIEI11352
reduci ng the anount. of ink-&dhesion if the object of
15 the input data is text. There are other types of
obj ects, such as graphics, including charts and
fi%ures often used in materjals pertinent to

FHESE. SSVRE & g PAFHTER AR WBErds Bht e Porifat BT data
t t t t he
b Sifan e A R LR A
p.hgt &-%%8115205” ol 0%9 :gsdw%%t 5 F'e%e&%o' $50L06K
rams ovvlng low'1n I'nter 8r|ve

91 L&Q%Sgsmenggﬁlgh&)Fggg%gﬁgaggg nnunt contro

proces rin I'S generated by the

sappl i cagpign da%?fzb%rﬁng RELALIEaLD 2333k ?fa%%éé I89a 204

apparatus 90 25 personal conputer

‘obLesteudet @l PRLOS: WBktrc20doaf Thd Getd HNEY A06re WRrther
2005/ 011983 PCT/ JP2004/ 011382 -37- printer driver 91

detesyacnes doheotapaatehigbjzec) miutherbopstingatons, #2871
such as text 202, line drawing 203, graphics 204, and
i magentitpi @ntire) 2205 .gamac oobictbn 12431 carie teub détiead
to associated processes through a correspondi ng
r ouhglftbrdleptrocdatsan@ @25 . |Theel deadravgndatera20B, aaah@raphlcs
graphi cs data 204 are subjected to color control 206.

10 Thdatae x4 datcaf202en raubf erttchieto’ colibyf eetetingo2@fol BE/UCR
mat chi ng 207, BG UCR processing 209, total quantity
CORTPFISS I 21@am¢ﬁa%@1a@fe3ttﬁfo¢9 gl ZiAd 9%E%E. cgEpreon 214,

(hal ftone) processing 215. The |line draw ng data 203
anén‘élﬁﬁﬂﬁl% dither (halftone) processing 216.

For image data 205, coleor determination and compression
scheme determination are perfommed in unit determination 221. In
15  the regular mode, the image data 205 are further subjected to
color control 222, color matching 223, BG/UCR processing 224,
total quantity control 225, gamma correction 226, and error
spread t(halftone) processing 227. If the number of colors in the
image data 205 is two or less, image decimation 231 and coleor
20  control 232 are performed. Then, either color matching 233a or
indexless processing {(for not conducting color matching) 233b is
conducted. The image data 205 consisting of two or less colors
are further subjected to BG/UCR processing 224, +total quantity
control 225, gamma correction 226, and error spread (halftone)

25 processing 227.




10 data 204 are further subj ected to col or ﬁafgﬁing

208, BG UCR processing 210, total quantity control T4 NOV 2008

212, ganma correction 214, and graphics dither
(hal ftone) processing 216. For image data 205, color

wdetesmnigrat i on and conpressi on schene det err@ratooon 1382
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are perfornmed in unit deterygignation 221. In 15 the
regul ar node, the i mage data 205 are further subjected
to color control 222, color matching 223, BG UCR
processing 224, total quantity control 225, ganmma

corr ect Liwe Pzavwingndaler 2T 2nd preab hdrta éﬁé)may be supplied
processing 227. |If the nunber of colors in the image
dafts PEye] PloRecrresBit iZFagEayBY FEPFETT I8 1dRf4L

col or 20 control 232 are perforned. b her col or
natBRFSRG 239518Y SUPRHER *&505; HEREEI mﬁ%?

mage 008 ‘S08° GBTEI SETRA-BrTRS B 48 sres%%cdwe Tigets

Sfurth bj.ected to B |
5 qUARE | T3 P eURer G ST %%%?é%%ﬁ%n%%aa*‘- Bd error

d 0 o
28627‘01%83%4 %?%?@%%4?%%%1%2 %%gaﬁrn%&%fi%é fierifle
20%::%@&@% CSrlft & 404, may ﬁ%gé UpRki B gak I08BEE-tion

color control unit 232 via ROP processing unlt 241,

i nghead 20h DRl Bk SHPRIGES doQof ieFe@Bl I B bididec2Mhal
The image data itens processed for the respective

objre6é:81ing. Wne sy REA&S haed, and dauppldoededtoon WaeoXld ng
apparatus. In the enbodi nent, the anount of ink
adhpesfamsi srdianty ekred confecteahyc etitoort grdaphie she amaunt
and i nmage data by ganmma correction wunits 214 and 226
t 0 ofethic edisedion, diokf exxéndea.n bi directi ona
recording. On the other hand, the ganma correction
unit 218IG. 19 shows an example of gamma correction performed by
the printer driver 91 according to the first embodiment. To
perform ink adhesion control for reducing color difference in
bidirectional -recording, input data are supplied to a factor K
mltiplier 303. The input data values are multiplied by factor K,
~and then supplied to a gamma correction table 301. On the other
hand, if the input data do not reguire ink adhesion control, the
input data are supplied directly to the gamma correction table
301. A selector 303 determined whether the input data are to be
supplied directly to the gamma correction table 301 or to the
factor K multiplier 302.
Gamma correction is a process for converting the gradation

level of the input data to a different gradatipn level taking the

image forming characteristics of the recording apparatus into
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10 perforns 6?dinary gamma correction, Wit hout 44 NOV 2008

reduci ng the anmount of ink adhesion, for text data.
FIG 19 shows an exanpl e of gamma correction perfornmed
by the printer driver 91 according to the first

wepsdileent . To performink adhesi on cont r ;iCTfI®z004/011382
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reduci ng col or difference 43915 bidirectiona

recording, input data are supplied to a factor K

mul tiplier 303. The input data values are nultiplied
by factor K, and then supplied to a gamma correction
taSP%31§6{at3@% the sy dtRafts oPF= tHhetidsute da audgiected

%8 ire i nk adhesion control, the ut. data _are

&Oféﬁ?wnt FPh B alih P Ce T JHOF s 9 eetea
0 t 303 det d th th t
ar iﬁotn&- B SR gted o gal o o Sémm?f ' 5%%2@?9 on’

Seell. el Qb o ALY oltdTUhId BLLE e R o
rec ron’is atﬁ Focess Tor converting %
Ie¥ﬁé he ioRyt,.data to a different gradatlon IeveI

takln the 25 image form ng characteristics of the

recor di Rg RPPAIALFHS dnRE GohtfolNGY 12006 MB 2002014 883;
PCT/ JP2004/ 011382 -39- consideration. The input data

ar gotldedrdhal, ate LgnReasuUbLeCkafdpl 8 @By to the gamma
correction, and they may or may not have been

Subpeei-ethn tebnegessany fHeeSsieso (Reh @$réct@BMIsing an

process or a BG UCR process)- The output data are :

dabtadivhay daame vadesn, sunbjeet egta babirbheegarumjected to

correction. If color difference control In

bi drdigetry graina reoroechiioy ars omgiutpelf Shergdhet Hend npwt

data are supplied directly to the gamma correction

t abbrEred 10T andiosubpent ddf fegerpenim Lidieerticonl werengiag,

ordi nary gamma val ue, and the data havi ng been

SUE¥%HﬂP€ﬂtf#§ta vales are multiplied by factor K at the factor K
miltiplier 302, and the adjusted input data are supplied to the
gamma correction table 301, in which gamma correction is
performed using an ordinary gamma correction wvalue. The resultant
output data have been adjusted so as to reducé the color
difference in bidirectional recording. This process is equivalent
to performing gamma correction on the input data using a gamma
valune multiplied by factor K (that is, a controlled ganma value)
in order to reduce color difference in bidirectional recording.

The factor K is set in the range from 0.35 to 0.65. Since

the input data values are multiplied by factor K, the data values
that are to be subjected to gamma correction at the garma

correction table 301 are already reduced, as compared with those

values directly supplied to the gammz correction table 301, and




10 ordinary ganma correction are output. On the other

hand, to control or reduce color difference in 14 NOV 2003
bi di erctional recording, the input data vales are

multiplied by factor K at the factor K nultiplier

w@EEhds/aesd the adj usted i nput data are suppl redab@oddiess:?

gamma correction table 301.-4ph which gamma correction

is 15 performed using an ordi nary gamra correction

val ue. The resultant output data have been adjusted

so as to reduce the color difference in bidirectiona

r etioy dinpgit T sdiedogste pspey gRw dicereduaed. per f or mi ng
gamma correction on the input data using a gamm

val ue ﬁh@laxemplﬂﬁh@m &R HEG( t Bat 2i ZiNghe cHHPRotqrEgetion
gamma val ue) 20 in order to reduce color difference in
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range from0.35 to 0.65. Since the input data val ues
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Cgéﬂf“’%rqgéé}gl&l%% egod?ﬁahe Armunt ewekdﬁzklagw %ama & tapies

er can be redu e exanpl e shown in

a §hNGesi3ebAA ?8&:&9951&-@ nd 2Bl €xr3@dvds used. | n
common for both the color difference control process

and t hep@y. dpMan YudaanBs GORb@at EOM JAr O€asS, gand eatrachion
val ues input to the gamma correction table 301 are

adpast edr dependi ag endtekfiete ifeicotartididlf erentang.

control is. to be perforned on the input data:

Hovey etymd worchci i @t @att ganmyeldeabhre rdiveanyngematief f@meation

gamma val ues nmay be enployed. FIG 20 illustrates a

noditfi éati enceftrohedygame cormegtidropnit 402, a gamma value
storing uwnit 403, a factor K multiplier 404, and a selector 303.
The ordinary gamma correction unit 401 performs ordinary gamma
correction on the inpul data, without controlling the amcunt of
ink adhesion to reduce color difference in bidirectional
recording. The controlled gamma correction unit 402 performs
controlled gamma correcticn, adjusting the amount of ink adhesion
s0 as to reduce color difference in bidirectional recording. The
garma value storing unit 403 stores gamma values used in the
ordinary gamma correction (which are referred to as “ordinary
ganma values”). The factor K multiplier 404 multiplies an
ordinary gamma value stored in the gamma value storing unit 403

by a factor K and supplies the controlled gamma value to the

controlled gamma correction unit 402. The selector 303 supplies




10 part for féducing col or difference in bidirectiona

recording. The ganma correction part conprises an 44 NOV 2008

ordi nary ganmma correction unit 401, a controlled
gamma correction unit 402, a ganm value storing unit

wd@Bsnadactor K multiplier 404, and a sel ectonrB0B11382

The ordi nary gamma correcti-@an-unit 401 perforns

ordi nary gamma 15 correction on the input data,

wi t hout controlling the amount of ink adhesion to
reduce color difference in bidirectional recordin
ThéPe oriPFoIdREd %w@eéoweeefqim rffa 0Py e Hiepngnit 401

contr | ed anna correction usti ng the anpunt of
fg}? a@mﬁao%f&ﬁtzeoncﬁv 4991  er ence i n
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storlng uni t 403 ctor and supplies t

conkf; Qloh g4 cgamnxél eﬁ QnbN&e25-A0REE AL 0. QARBR 303 so
correction unit 402. The sel ector 303 supplies 14 NOV

20@B ndd0:2QADEA1 883 PEdd 4ERRD46Pek388n - 41- the i nput

data to either the ordinary gannia correction unit 401
or the coni FeddRen@ATEEGAHMRLET B5Y B8 2407 thENEeptimm
selector 303 is installed in the printer driver 91,
andmad<h gragifiay ejetiheirggely @anaiad) ostant hecdmasialskatirgnmode
of the selector 5 303- For exanple, if decrease of
gr ddatdopfudtéve | thiesompmen sestdlsthan debdmrinei fifyetlen peinter
then the user can set the selector 303 so as not to
seHebercPhithspushd inpmeadetac snalosis oy, 1ogdeg e ChRMETIgEEr
setting node for reaI|2|n% the optimum inmage quality

A

defEHATNEY BYe £ehaRer B SEARICTS SetepRy RS

presence or absence of “color difference control in bidirectional
recording” in its selecting operation.

If a singte color of ink {(black or any color} is used,
color difference due %o bidirectional recording does not occur in
principle. In this case, a mode for “not performing color
difference control in bidirectional recording” may be
auntomatically set.

If the object type determined by the object type_
determination unit {see FIG. 18) is text, then ordinary gamma
correction 1ls carried out, without color difference contrel in
bidirectional recording. Similarly, if the number of ink colors
used in recording is one, then ordinary gamma correction is

carried out, without reducing color difference in bidirectional




10 for conducting the optimuminstallation determ ned
by the printer driver 91 through i mage data analysis 14 NOV 2003
is loaded in the printer driver 91, the selector may
be configured to determ ne the presence or absence of

wo wedonIsdi f f erence control in bidirecti onal PCT/@R2064¢0115g2
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inits selecting operation-425 If a single color of
ink (black or any color) is used, «color difference
due to bidirectional recordi ng does not occur in
pr|n0| |e. In this case, a node for "not performng
cof o "“tt¥f erence control in bidirectional recording"

b I £, bj ]
Zﬁtyer% rl 08 S it oo %e'%f%%ﬂ"c és?ﬁ%nt%?ﬂ%a(
1
ggm&f’ HSR/\II@%‘%%{I tgegooogg :}f%rfe er C e C on r r e[%bql eocr%SI Sa_nd
bl Mgecggn%@élg ee Qs din giatg sLptd Y midret he ny [@%%h%s

ink colors used in recor I'S one, then or

gaiﬁﬂﬁt@ﬂr{geﬁfdcﬁgs 1% 2R 1GAEL LR f&':”gvraﬁﬂltcgot':lg'tar oy

color difference in bidirectional 14 NOV 20

208511041283 gdtel/ vH280441Q1438 2y Mtlbg,%%l’gdﬂ{ég orc'fm@ry Zfarmoa

is a diagram showi ng different types of

pregesshnFabtil epentiesd deat wilktetient pﬁo&ﬁ§§§ :L@f ifiRteRented
objects, and image synthesis of these data objects.

| nfdxl G0l tex dgaephbtierdthat fleck)ngsioeRs Sriisnary gamma
i mpl emented for graphics data using a controlled .
gavetmev elogengivchiored (by bhadk)i peyi ngnihdagndicnarartgemmma
val ue by factor K, and a text halftoning process is

i npl-ereriredntif-etiasdharprrests)das acroiterut hdhehl dbk)
using the ordinary ganma val ue. For nonochrone (or

bl SR Ex £OLBN I adftfy neprdEerioriblack) text are

synthesized to reproduce an image.

By comtrolling the amount of ink adhesion so as to reduce
coclor difference in bidirectional recording, the image quality
can be maintalned, while preventing color difference, in the -
bidirectional printing mode for increasing the recording rate. In
other words, a high-speed, a high-quality recording can be
realized achieving a balance between the image quality and the
re;:ording rate.

When the object to be output is text, the ordinary gamma
correction ils conducted without multiplication of factor K,
thereby preventing the image qualilty of text from degrading to an
undesirable level. Similarly, when the cbject to be ocutput is not
text, and when a single color of ink is used, ‘again the ordinary

gamma correction is conducted without reducing the amount of ink




10 (i.e., an anti-aliasing process) is carried out.

Then, the graphics, color text, and nonochromnic 14 NOV 2008
(black) text are synthesized to reproduce an inmage.

By controlling the amount of ink adhesion so as to

wpela®e198x ol or difference in bidirectional rRSgEPHIOK1382

the image quality 15 can be3mai ntai ned, while
preventing color difference, in the bidirectiona
printing node for increasing the recording rate. In

caﬁ%é%smﬁld’%?ﬁaga% Sl o fer-fe i %%é%@rﬁﬁf Hegbihn,
Dot hclNed 000 DEERLBIDG 2 Singtd AMER A8 e Gherlion.

conduct gd &ﬁtntﬁggﬂtm %' auaetafoanﬁfad&gﬁo%r Eﬁougg%s@y

preventi ng ality of te rom

an couRdeshy aklg (% ae¥§111tro§l<£3 lg@ﬁr!!ay wafie ntﬂ@%r&@t@%ﬁ lté?rel is

be output is not text, and when a single color of ink

S aﬁ?}@éjoedagﬂilﬁletrﬁgn@il%ﬂ@rﬂﬁezéa@@m eoldRet iR hSber of

conducted w thout reducing the anmount of. ink 1 N OV
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because color difference in bidirecitional recording
doesphadenbeiCion , | ahdpscaetice bh wmistaglea toltare is prevented.
recordi ng operation. By controlling the anmount of ink
adhesi ofiht lnootigit lgd geama cedne atsied i she geoatoudied ofared
gamma val ue, the gradation level is 5 adjusted, while"
maicaredatiiagy foherqginatiat Folrhdltinrencahia pighbestiohal dot s

is increased or reduced within the range of gradation

r epre’Ehiraticoabtanad dycuryteREE Nt ’damiorig@?m HATERt (Rrl@e by
is prevented. The controlled gamma val ue used .in the

coft FeTREC gl FEciaietts ohe 61 RIUCFAG=CHI Gt e ane

differen di recti onal
from O %5 t éS the color difference in bidirectional

recording can be reduced efficiently, while preventing
degradation of image quality due to decrease of gradation lewvel.
Especiélly, by setting the value of X to the range from 0.5 to
0.6, color difference in bidirectional recording is substantially
eliminated, while reducing the adverse effect of drop of
gradation level to the minimum, and a satisfactory high-speed
re.cording image can be reproduced.

The total ink consumption of color inks is set to be
substantially equal to the ink consumption of black ink. This
arrangement extends the replacement cycle of color ink cartridges,
and reduces cost. In offices, so—called business documents
containing text and graphics are mainly output. With the inkjet

recording apparatus of this embodiment, ink consumption can be




10 recording is obtained by nultiplying the ordinary .

gamma value by a factor K (K<l). By setting the val ue 14 NOV 2003

of factor Kto the range from0.35 to 0.65, the color

difference in bidirectional recording can be reduced
weetbsenmat |y, while preventing degradati onPOT/IRNBIgEL1382

guality due to decrease of -g#adation |evel. 15

Especially, by setting the value of Kto the range

from0.5 to 0.6, color difference in bidirectiona

recording is substantially elimnated, while reducin%

t hESRGR riSePEFTdRY BEPS (Bih 3F fUShadn P BLCTEeFnE
m ni num and a_sati sfactor i gh-speed . recordin
R, ST B BT RS kS Rore e ofe

of.&glor1}nks is set to be substantially equal to the

in cS%%%ﬁﬁ?ion of black ink. This arrangenent

ext ends I ro [ S,

and 1 edtideel, “EREED; LR 8 AP R Rl e

do -ak i r LSS A€ [
5ou?%%??ééf¥%g?ﬁgkg%ﬁﬁg%q%%ogg%ggd?ﬁgbibparafﬁ% %%%?%?s

- enbadinre 'thé”&oﬁéﬁﬁ?ﬁﬂ$ﬂi09nbié%ﬁ be 15 NMs2008:1MOthe same
2005/ 011993 PCT/ JP2004/ 011382 -44- reduced in printing

gr 89 e Stdts U Chbrasmst iohasf o astd iRELt(UNes) (Oft is unnecessary
phot ographs), while printing text portions w thout
r edslcifagn trhpl adankoTtamti tirtdidggenenalke tBXtcoh8entional
printed in black, and graphics and 5 pictures are
pr tethedqud.t h col or inks. Since, with the present
i nvention, the consunption of black ink is ‘

10 subst antamel kyownherrsareuseasateh uttotshbd ednk A tinlbrsaging
color inks (C+M+Y), it is unnecessar to often
r epidrcane okoy imake caeredsdgesiorumdtk ebided - cBiev énkistnal

t echni que.
recording apparatus of this embodiment does not reguire such ink

saving mode, but the ink consumption can be reduced as a
secondary effect of the color difference control operation in
15 bidirectional printing.

The first embodiment of the present invention can he
applied not only to an inkjet recording apparatus; but also to
pinters, facsimile machines, copy machines, and
printer/facsimile/copier multifunction machines for reproducing

20  images using inks. The first embodiment of the present invention
can also be applied to image reproducing/forming apparatuses
using a recording liquid olher than ink, data processing
apparatuses, and printer drivers loaded in the data processing
apparatuses.

25 In the above-described arbodiment gamma correction and




10 Sone known apparatuses are furnished with an ink
saving node and vary inage processing for each

obj ect. The inkjet recording apparatus of this

enbodi nent does not require such ink saving node, but

14 NOV 2008

wa bwsimissconsunpti on can be reduced as a S@CTHENI4011382
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effect of the color differeage control operation in

15 bidirectional printing. The first enbodi ment of the

present invention can be applied not only to an

I nkj et recording apparatus, but aJ]so to pinters,

f acwitwpl Eedheeinioneerrasspyn faE HicARSI g fglor difference in

printer/facsimle/copier nultifunction machjnes far

r eprYIEET B2 R 0racREREY 85T AWPTHIRECSCTRE T15 BYIEwhodiiveht

of the_present .invention can alsotge %B%%ied to.gﬁaggi
sihig?a o

r e pRIRGETh P DR RFEBPEat HIETe: eTEFEF

her than i nk,.data

ot Rl bty BoE o ity B REPRG HRPDRL Fhipss.

A S P AL D P g lpecces
f’ 4 E%Q%/iglﬁfﬁ 2 r 453 CORLERIdse s GARTEL AT REL 1 JfEOfhe

educing color difference in bidirectional recording

ar eniyp! %E%@&ﬁ%%ﬁpéﬁ%u@r it Enali+318, thdshed deClatdan £low
host "conput er. wever, the gamma correction and

coph&@l Led-18a M mER i pbiRRmSRY nberpentTRediniidhe
inkjet 5 recording apparatus. In this case, the gama
cogpeahiced process 133 shown in FIG 7 is

i ncorporated in the controller 100 of the inkjet

r ecor di ngs.appairsat Uslochl diemat iofetgntrohieerefbl rog det ankjet

flow shown in FIG 18 nmay be perforned in the inkjet

r ececatidhyy apparaiiEs{as an example of image reproduc?ng/forming
apparatus) according to the second embodiment of the.invention.
In the second embodiment, the amount of ink adhesion is
controlled so as to reduce leakage of electric charge and to
conduct satisfactory duplexing print. Accordingly, the inkjet
recording apparatus is not necessarily a bidirectional recording
apparatus.

Similar to the first embodiment, the recording head 14 is
driven in response to pixel signals, while the paper on the
rotating conveyor belt 33 is transported. To be more precise, as
illustrated in FIG. 2A, a line of an image is recorded on the
paper by ejecting ink droplets onto the paper held stationary on
the conveyor belt 33 at a prescribed position. Then, the paper 3
is fed by a prescribed distance to carry out the recording

operation for the next line of the image. The recording operation




10 FIG 22 is a bl ock di agr am of control l er 500 of the

i nkj et recording apparatus (as an exanpl e of inmage 14 NOV 2006

reproduci ng/ form ng apparatus) according to the
second enbodi nent of the invention. In the second

wWeasaipEnt , t he anpunt of i nk adhesion is PERIPOH)/P1asE2

so as to reduce | eakage of —dfectric charge and to 15
conduct satisfactory duplexing print. Accordingly, the
inkjet recordi ng apparatus i s not necessarily a
tlonal recordin ratus. Sim/lar to
i i Fat b gatRet %Mew@eae@&?d%rﬁ%%f&l&% fega Joﬁ F@‘é%“’eﬁ a
|er nm
O 8§”E2%m1(%t9 @? éiyimﬁqgf eh%ﬁper 3

ing conveyor-b ranspor

pr ggl&%ec@esd _U_llld_J_h Son tﬁgﬂd QIQG 2A, a I|ne of an

image is recor paper by ejecting ink

dropl et ﬁe&&wn%@s Ppes; hehd Shatd10naly 500 1ddifces a cpu
conveyor be at a prescrlbed position. Then, the

spapel Br dcutted 1By BhePbRSGH i e Bt SIaPE & 01 B L Yrdlding

the recording 25 operation for the next line of the

i magearaThe 11, eg st @ epLrabidy doNeMs 20061 +MOby the CPU
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2005/ 011983 PCT/ JP2004/ 011382 -46- for this page is
fi n0shed othen fikedreser i mgMheadiddd teeeetar€By &tofly pixel
term nation signal or when the trailing edge of the
papeta,3a nevdbettddt etrbny t BERREC 084 ifog wredniRedataiduging

to FIG 22, the control unit 500 includes a CPU 5 101

f ophetiiare oifl Fimgy roter overlal. | awhenadiIgnSYE. The ASik) B0
recording apparatus 1, a ROM 102 for storing prograns
ex SERIEEE 1y VEROUEPIPeR0af Shena0t REICSFREl daehidiag Rewma

103 for te orarily storing pixel data, a nonvolatile
me fdry CEING fom sffppstiegaihe A At af daki FHEersp Ceotre
of thedggmer ﬁmpga%jeand an AS|I C 520. The ASIC 520

recor g medi d out at gamma correction processing unit
119 according to the invention. The ASIC 520 implements image -
processing, rearrangement of the processed print daté, signal
processing of input/output control signals, etc.

The control unit 100 also includes an interface (I/F) 106
for conducting data transfer to and from a host computer (not
shown) , a head driver 108 for driving the recording head 14, and
a £ead driving controller 107 for controlling the head driver 108.
The control unit 100 also includes a fast scan motor driving unit
111 for driving a fast scan motor 110, and a slow scan motor
driving unit 113 for driving a slow scan motor 112. The comtrol
unit 100 has an input/output unit 116 for receiving various
detecting signals from the envirommental sensor 118 for detecting

the environmental temperature or humidity and other sensors {(not




10 i npl ements various types of signal proceSS|ng,
i ncluding gamma  (y) correction for adjusting the 44 NOV 2008
anmount of ink adhering to the recording nmedium
carried out at gamma correction processing unit 119
wWQezwepdbsig to the invention. The ASIC 520 i RETdmsie1382
i mge processing, rearrangenent of the processed
print data, signal 15 processing of input/output.
control signals, etc. The control unit 100 al so
includes an interface (I/F) 106 for conducting data
tr8R®Ter to and froma host computer (not shown), a

head driver 108 for driving. the recordln%?head 14, and
a head % iPPFRIiEEHERBEY it 7187 @%?e%sﬁﬁf’m § ﬁ@nﬁf& Hed

d 108. 20 T t | 10
fgéigeé@sﬁe%fsf%ﬁn PR ?@5 I {ehai of G bGP tasss dpnet
d t
113 0P 3&%? W8S eR L AGAN IR RL i LA tne

\L/I gll‘ Oruja% 90 et e Ctl n%%te{t o%%cg’gélr%nmgllg%%ég%% Io ?o%%‘nt ajf%e
' se B?.Péu:.]:l ﬁ:u‘.f B&Wé}eglﬁ%tl?p 911%5 f&.h %pﬁﬂ)ﬁ.' 5059 "H.%Bﬁ e\}olta%e ﬁﬁd:/he

tenperature or y and ot her sensors (not

2000y 2:9)@.5&9 1983 P/ IRROA4504:1382 chirorshawn)L 00, and

An operafions panel 117 is connected to the contro

UNithe cbBProINBEES S8 YeohBifsmatd ON/0rF divsirhaye dinantHehe
operations panel 117, and it allows a user to input

i NHeramtly T ERE tigledrol bsgd Berduiapersat i ons of the inkj
et recording apparatus. A high-voltage circuit (or
10power supplogrtrblduiior 1&pplepehgsaphinghdatel tadgbet onttehdace
charging roller 34 is also connected to the contro
unilos 130 snextdrhel cpperafusunia 21CPleorit rohstvork, and
ON OFF switching and the polarity of the hi gh volta%p
ci rewpararily stores the print data in” a buffer (not shown) of the-
interface 106. Such an external apparatus includes information
processors (such as personal computers), image readers {such as
15 image scammers), and image pickup apparatuses (such as.digital
cameras) .
The CPU 101 reads the prinf data from the buffer of the
interface 106, and analyzes the primt data. The ASIC 520
(including the gamma correction processing unit 530) executes
20 necessary image processing operations, such as CCM processing,
RG/UCR processing, and gamma correction. Then, the ASIC 520
rearranges the processed print data (pixel data), and supplies
the pixel data to the head driving controller 107. Conversion of

the print data into bitmap data used for outputting the image may

25  be carried out using font data stored in the ROM 102.




10 The control unit 100 receives print data at the 44 NOV 2006
interface 106 from an external apparatus via a cable
or a network, and tenporarily stores the print data
in a buffer (not shown) of the interface 106. Such
wangosexweyr nal apparatus i ncl udes i nformati OrPCT/IP2004/011382
processors (such as personaldagconputers), inmage readers
(such as 15 inmmge scanners), and image pickup
apparatuses (such as. digital cameras). The CPU 101
reads the print data fromthe buffer of the interface
1061 teimatavellyy 78 itpgepiad it maratos. dairdopst dngp@pitmap data
(including the gamma correction processing unit 530)
ex BE s PODIEE &F PEi Fregst prIBBERT g feritgne data may
such as CCM processj ng, . .BG UCR processing, and, gamma
coPPetPsHed FREFIR2 %ﬂ% 8%r°5ewai%0egftﬁ@ i ot
processed print data (pixel data), and supplies the

pi XEFOFEPA FB*tHe head driving control ler 107.
Conver sion .of he. brin i,At o_bi data u

For out Ut ARG TRE Tagefay o g et e Bl HE e
fo a%%%% h 59%%%:% co NA2002; ME: of tn
208%7’%%%5% Jggbat&%ﬂ _ _Egi_'_:o Al ter nat?v\g?e,o t hee
| Mge, kg By be deyelenad Lakia: Pbilump, dakameRyatiRer 108
printer driver of a host conputer, and the bitnap data
Maynd8os Ui Weth axtRicRadighal 0 1hBen&NEF Bling Nidnt180 cof 107
the inkjet recording apparatus 1. 5 The head driving -
contE®|dueputld T10CRI 3i@RaR Hol tite Bba@idteler dad aat( @6dscribed
pattern data) corresponding to a scanning line of the

10r ee@niligng head 14, and outputs serial data to the head
driver 108 synchronized with a clock signal. The head
drivi ng Tb@n‘teadldr&virmaon’fad@bemaﬂﬁmr@ladésaacﬂtﬁl‘g ifgnaftoring

the head driver 108 at prescribed
pattern data for driving pulses, and a driving pulse generating

circuit for producing a driving pulse based on the-pattern data
read from the ROM. The pattern data for driving pulses may be
15 stored in ROM 102. The driving pulse generating circuit includes
a digital-to-analog converter for converting the pattern data
. read from the ROM into an analoyg format, and an amplifier.
The head driver 108 includes a shift register that receilves
the clock signal and the serial pixel data from the head driving
20  controller 107, a latch cireuit that latches the, register value
of the shift register at timing of a latch signal supplied from
the head driving contreller 107, and a level shifter for shifting
the level of the output value from the latch circuilt. The head
driver 108 also includes an analog switch array, the ON/OFF

25  operation of which is controlled by the level shifter. Based on




10 timng. The head driving controller 107 includes a
ROM for storing pattern data for driving pul ses, and
a driving pul se generating circuit for producing a
driving pul se based on the pattern data read fromthe
WRAMSOTIE pattern data for driving pul ses nmBCTEFE2605011382
stored in ROM 102. The dri vi4¥g pul se generating
circuit includes a digital-to-analog converter for
converting the pattern data read fromthe ROMinto an

anal o ornmat, and i_fier. The head driver 108
i nahaﬁ%\y SO e |1§‘F2$wtlﬁ%ts"‘i’l§%la\?§§y' PrietBe Aniving

d t [, data th h d d
S0 8k 257 o8 FA Bl L o B O e PER G e
regf%éqy ¥§kﬂ§v 1F£q§ hift register at_t!n1ng of a

signal ed Trom the head driving

control 115%@ 129.715 %ngc@n%&vce 150 B 8- oF08 %f‘%u.t the

| evel the out put value fromthe atc clr The

5hea;@rr&fe1¥§ &Q&sq!n? Quri P Cds‘ébd&:?co%alﬁf 3509, S EheRE I the
the ON OFF 5 operation of which is controlled by the

| evigbeshicht ehe Bas8doddRedtidnNI 2008y WA 2B/ :0L1QR3 an
PCT/ JP2004/ 011382 -49- the OV OFF control of the
analrothsW dhihaatddycti@ndasicr 8eh doh¥idiged pidl S@rySout
applied selectively to the actuator of the recording
h e add b riyogthimavenirhet e atht EhGng? 3ntis aacaohepmtviestion of
bl ock di agram of the ganma 5 correction processing
unief &30 cacteowei mypérerasr enpecini@ng reflitwhe and v eorttizod led
The gamma correction processing unit 530 includes an
100r dicnavopkgaampacentie®t pemmay aPTresOion ot GUF eebntdgendr yo
out ordinary ganma correction not taking into account
pr EJERE iogh GFe oree¢tiien diear SRAVGAND dper q‘@\nt%atif é’é ot diAg

medi um and_a controll ed
droplets adhering on paper to prevent leakage of electrlc charge

14 NOV 2008

on paper. A gama value storing unit 503 stores ordinary ganma
values used in ordinary gamma correction. A factor K multiplier
15 504 multiplies the ordinary gamma value by factor K (K<1.0), and
outputs the product {controlled gamma value) to the contrelied
gamma correction unit 502. A selector 505 selects as ocutput data '
elther the first gamma-corrected data from the ordinary garmma
c;rrection unit 501 or the second gamma—corrected data from the
20 cpntrolled gamma correction unit 502. ,
In this context, the gamma correction is a process for
converting the gray-scale level of the input data to another
gray—scale level taking into account the image pickup

characteristic of the inkjet recording apparatus. The input data

25 are data that have not been subjected to gamma correction, and




10 (or | eakage preventing) gamma correction unit 502 5

configured to carry out gamma correction for reducing 14 NOV 2008

the quantity of liquid droplets adhering on paper to

prevent | eakage of electric charge on paper. A gama
wo@abae11980ri ng unit 503 stores ordi nary gamrCT/RPEI0LES 382

used in ordinary gama correction. A factor K

mul tiplier 15 504 nultiplies the ordinary ganm val ue

by factor K (K<1.0), and outputs the product

(control l ed gammma valueg to the controlled gamm

coithekmRgrPuARY ™H2havg Bedregvigheched fé’eP*@?ftrstf&%edo‘af pata

data either the first ganma- corrected data fromthe

or FFPRASFIHEmMTHCE ESr ?%‘%PF%??SEHQ{ OB 0H5/JFR{pFEeCevTBHd The
mra- cor.r ect ed fromthe 20 control) ed
goPPEl%‘ﬁ SRt fFeT %%‘E T2  FES S TN X PR Yy ‘é‘?f‘ﬁh% are
correctio ocC 0 co ert| he r-ay-scal e
Ie&%ﬁa1#lgﬁgweﬁ%%? 1§F§c{6{gﬁ er §E%§ sca?e Yevel
st aki ng Lnt.g account %&b%memgeue e lféha%ar&,ﬁ cbf'féf ien
I'n he Tnpat

' of t he nk et recor g appar at us. dat a

ot loBC i
correctlor11£@{ajlfﬁ‘gﬂ;{%all&{%I g%%%#ﬁ%% gd%%?éf%gg%ggguamg =

PCTL-1B203944 QARS8 2a1 89 oot HledMBY mAll + 1F8Y: A9 thB a1 REEN gamma

subjected to other typed of data processing, such as
CCMaphO9SERGr K (BE UFRapreess sbNgs thhsrevent pubxalad af
fromthe gamma correction processing unit 530 are '
dataaetthat fravgebmen subpesireand ahgasimatearthed isdraciion
In the second enbodi nent, the controlled gamm

10CObEEE! ITha cdmmkélﬂéazgqﬁemfvniue wednin ¢ber@gtroll edngaiine
i nput data. using a controlled gamua val ue obt ai ned
by coutddtpbyimgLtitg bs dienarallpammalen dhee iy dreipery Kama
(K<1.0) adjusted so as to prevent |eakage of ‘electric
charges f pofntbseefraperthengiane & éek rasheatticc tath®PaE thison

reduced.
By reducing the amoﬁnt of ink {liquid) adhering to paper,
15 leakage of electric charges caused by excessive amount of
moisture on paper is prevented. Consequently, electrostatic
attraction betwean the paper and the conveyor belt 33 is
maintained appropriately, and paper is transported in a stable
manner. In addition, the accuracy of the landing position of the
20  ink droplet is maintained high, and the image quality is improved.
When an image ie formed on paper held by electrostatic
attraction by ejecting ink droplets or other types of liquid
droplets onto the paper, the possibility of leakage of electric
charge always exists due to the moisture of the ink droplets

25 adhering to the paper. Even if drying means for promoting




10 belt. The controlled gamma val ue used in the
controlled ganma correction unit 502 is generally
smal l er than the ordinary gamma val ue, and therefore,
t he ambunt of ink adhering to paper is reduced. By
wo epvoiipgy t he anmount of ink (Ii1quid) adheri rrgTtie200apess?
15 | eakage of electric charg@gas caused by excessive
anount of noisture on paper is prevented.
Consequently, electrostatic attraction between the
paper and the conveyor belt 33 is  maintained '
apFepERrate pf Hedrpyyere iompengRSpot CBEhed, stlgprec
manner. I n addition, the accuracy of the |anding,
poSPEEER Bt o beemikogt Gbrstd iH8e meCht S e PHAGY and
the i e quality is inproved, en.an jmge is
f OPREAT DB P Ao S GSPRTIRT” %t PRGKIGn by
ej e ets L ot her types of,

BT O papEie ! e
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t hat have been l'ost during the recording Fprlntlng)
opehatdeanss gaphot sbamhesioernesd 208ccsdinNgl Yr dde ESmished
nore advantageous to reduce the quantity of ink :
dr apt etosotimat7sgheres. 5 This arrangenent can be
effectively applied to prior art techniques disclosed

10i n, forEexanplige If2G2008nr235 W5 AL ayid 1y Redd 080 bYI9QATS A2
regardl ess of whether neans for applying electric
charyesliel gaper vatud asnd sredut) PL 2@@1@@3@9%@)3}%& value

riot furnished (JP 2000-190473A)
and factor ¥ less than 1.0, the guality of the printed image is
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not adversely affected very much because the overall balance of
brightness of color, which has greater influence to the visual .
15 characteristic than density, is maintained.

Although in the example shown in FIG. 23 either pixel data
subjected to ordinary gamma correction at the ordinary gamma
correction wnit 501 or pixel data subjected to controlled gamma
correction at controlled gamma correction unit 501 is selected by

20  the selector 505, the input data may be selectively supplied to
either the ordinary gamma correction unit 501 or the controlled
gamma correction unit 502.

By allowing selection between ordinary gamma correction and

controlled gamma correction, gamma correction is carried out in

25 the appropriate mode depending on the type and/or the material of




10 Even if the image density is slightly reduced by
using a controlled gama val ue as a product of the T4 MOV 208
ordi nary gamma value and factor K less than 1.0, the
quality of the printed image is not adversely
watdogetiesd very nuch because the overall bal 20TaP1h4/011382
bri ghtness of color, which-bas greater influence to
the visual 15 characteristic than density, is
mai nt ai ned. Al though in the exanple shown in FIG 23
ei ther pixel data subjected to ordinary gamma )
coPTREEt | By exarphe. ohan idrgk QERfR Otc ST eCer et tan i 1aPsg1Ls
or pixel data subjected to cqntroILeg amm . .
coPPELt PHHIAEY GaHEY GPFEFLdems ST T8 ﬁ%&naﬁﬁﬁhﬁ et

sel.ected by, 20 the sel ector 505, the jnput. data may, be
S ORI el S5 Ty ST SRt ST B RarSF GG e

correction.uni 501 or the controll a .

corfEtt 76 lﬁ’ﬁ’l ﬁje%ﬁlf.e %_i/éhap oW ﬁﬁevseé’l%gc | orﬁmo%éc R spmponent
5Or dk ”c%{eyzu&a% cornection ang f&@é‘%e'%% af8 M Pelectric

correc out in 25 the

I on, ganmm correction 1s carrie

a i n . N N aper
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paper or surface-coated paper is used, ordinary ganma
CORSRGHLI Y hemEaksh@dt o iatsdiBeral gimak cdersiles gamma

using an ordinary ganma val ue giving priority to the
| mMageneqtdlirtyenth €6 aldvencdlehe papge paeiientsot egrading due
noi sture conponent 5 of the ink fromreaching the back
10f ace landadecak afectficeblipgel and chdugdon fupledebytatac
occur. On the other hand, when plain paper that is
| i ketnpctorcause | eakage of electric charge is used,
controll ed gamma correction is selected using-a ,
control FEd ghridhastrpape Enoehgsr evaimle| of &89 H7ewagpgrection
i mge quality fron1degraﬁing due X _
processing unit 530 according to the second embodiment. In this
example, a data type determination unit 506 is provided to
15 determine the type of input data. Depending on the data type,
appropriate one of the ordinary gamma correction and the
controlled damma correction is carried out.
In the specific example shown in FIG. 24, the data type
determination unit 506 determines whether the input data are text
20 data or graphics data. The data type determination unit 506
supplies text data to the ordinary gamma correction unit 501,
while supplying graphics data to the controlled gamma correction
unit 50Z.

In addition, an image synthesizer 507 is provided to

25 synthesize the output data from the ordinary gamma correction




10 to | eakage of electric charge and reduction of

electrostatic attraction. FIG 24 illustrates another 14 NOV 2005
exanpl e of the gamma correction processing unit 530

according to the second enbodinment. In this exanple,

waz@abasgsype determnation unit 506 is provirdedpioesdidssz

5

10

15

20

25

determ ne the type of inputsdgata. Depending on the

data type, appropriate one of the ordinary ganma
correction and the controlled gamma correction is
carried out. In the specific exanple shown in FIG 24,

t hentiatslt ypéch dere hernatibiactad to 306inyeranimpesorrection,
whet her the input data are text 20 data or graphics
datad theecuimth dayFpefgat Brnicaniticohed JRFNS GETEPPPR ePit 502,
text data to the ordinary ganmma_correction unit 501,
whivhichs Bays ey syPigsTee stad 4Pt 1ed L ¢t 828 CPETTR 4 Yamma

correction wunit 502. In addition, a

synt hesPrérug 20 Stigr 6 wea ?%*@BC§§E?hgggiémﬁﬁéﬂmmiied
MO 2005 LU TEo B PEH T 2004 021962 S842 Trtection
501, which h ' d .t [

SOk lloely NBYE B5S0 SHBIEREES 8 AL ALY BRARY corn

9 arég%\r %%[L L e% I c%})tggifedsfgg'ma_ m::%lgtﬂﬁlv €s %ﬁ@c&%ﬂf cga‘?cgied
to contrort e gamma correction. Although in this

exapnp! gjé@ %I}gﬁhiq,gt @ tal &e@nﬁ@ﬂgs oS UPRK &ghrp1d 0-thBerype of'

contro ganmma correction unit 502, the gamm

COLLELE | Q8 1PERC eSSttt 530 Ry B cRRih@ubadyisuchIG.
that ordinary gamma correction or controll ed ganma

conr egd iR #isnSahactdivel ¥ aaerisetor QUap et &eargeaphi cs

dat a dependi ng on, for exanple, the type of paper, as

i N dependingSdn exampte tgppl ai ned in conjunction with

e When multiplying the ordinary gamma value by a constant
factor K (K<1.0), the image density of the printed data is
slightly reduced because the amount of ink adhering to paper :’L-S
reduced based on the controlled gamma value. The influence of .
reduction of the image density differs depending on data objects.
For example, lowering the image density is more risky in printing
text data because image quality or legibility is more likely to
be degraded, while contribution to leakage prevention is not so
great because the guantity of ink used to priﬁt fext data is
ipherently small (leaving m&re non—printed afeas on the paper}.
On the other hand, in printing graphics data, the visual
characteristic is not degraded very much as long as the

brightness balance is maintained. Contribution to leakage

prevention is greater because the ink consumption in printing




104_1In addi?ion, the value of the factor K E-a_gl be

changed depending on the data type. Wen nul ti plying 14 NOV 2008

the ordinary ganma val ue by a constant factor K
(K<I'.0), the inmage density of the printed data is
wa hooghtibgs r educed because the anount of i nk raaimernag1ise
paper is 15 reduced based op4athe controll ed ganma
val ue. The influence of-. reduction of the inage
density differs dependi ng on data objects. For
exanple, lowering the inmage density is nore risky in
pr yndnhigs isegteadsr &b ckRFSeNITTRLN HaR iy & the paper.
legibility is nore likely to be degraded, while
cont ri bBeGSALRBYl REY SR RRIFEED RIP TIPS Geperdrdath
because the quantity aof ink used_ to Eri nt iext, dﬁg%li S,
i nkee dabPy IFRI3S PREadRHy YHSTR THORERH TR &84 é4s ¥ o
the paper).. On the other hand,_ | rintin r-aphi.
R R Rt e N e e s
much as | on s th bri ess, bal.an [ .0t aj .
5 CoREFPDGE ORI FELIEGE 22 Brocenir ot & oriauh Snnse.

preventl reater

because t I, k ' i bat ANV WO
2008 51 TR FoBLT) TRaSOA 0T s s e ok R < o ekt or
Wi S aRLd t§?$m§r 7 € : amma value
AC%%P%] ﬁg?lg?&g%én at a %%Jﬁgg%hgt gr%&%?%lggdgdependi ng
on oFEé’infe}ipl%; SR 188nd e Hal@ryheseal v rensf iraptoalkuerhe
is likely to be degraded along wth reduction of the -
deRgity caneh@haphk ese1dahady ve ¥4-@88 tdptodilckOoMie controlled
reduction of the density to a certain extent. Ganma
10COoEaRd vamd.s perforned using different gamma val ues,
nanely, an ordinary gammua val ue and a controll ed ganma
val ue obtaiineds by tiwriopityi gigrenheo dhdimagy gedfey (such
value by factor K. The value of factor Kitself may
be agatrd:eddaio) paod peenttedewiddntt glededing the amount of ink

adhering to paper, and data items that can accept reduction of
color density to a certain degree are printed with reduced amount

15 of ink adhering to the paper, balancing the image quality with
prevention of leakage of electric charge.

In general, text data are printed using a single color of
ink (generally with black ink), while graphics data'are-printed
using cyan, magenta, yellow, and black inks simultaneocusly. By

20 switching the gamma correction mode between ordipary gamma
correction and controlled gamma correction depending on the
object type, satisfactory output images can be obtained with less
ink consumption, while maintaining the image quality, and running
cost is reduced.

25 An example of a developed model of this example is



10 gamma value. Data itens with priority given to the

i mage quality (such as text data) are printed without 14 NOV 2008

reduci ng the anmount of ink adhering to paper, and

data itens that can accept reduction of color density
WO3Mte$X ai n degree are printed with reduc®TaRen0401118

of ink adhering to the paperss-bal anci ng the image

quality with prevention of |eakage of electric

charge. In general, text data are printed using a

single color of ink (generally with black ing), whi | e

gr &phlased atigharefepeiant e FiGsi gy diC- nkgeft §16- 21, 2

yel I ow, and bl ack inks sinmultaneously. By 20 swi tching

t h&rgaltire oo arsae el TRisHedradi fafr yraRinrg data
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graphi oning process is inplenmented for
gr 4RRIeS AL R USAY P NMoobhigdn gaman, val sersohi alded

by multiplying fhe inary (original) gamma val ue by

f aghofedsy BNGaarieXbu® BRdL, ! Ol REaPHREeSS1bS text, and

i mpl emented for color text data using the ordinary

gamdBoMaie: (B%add) the ki¢ Snerkodident redrotuce an image.

nmonochrome (or black) text, only jaggy correction
10(i.e., @ncansi idld asimgshgpiiagese) aient ard iield abiksion, as

Then, the graphics, color text, and nonochromc

( blvatk)ast éxta apepynidesn zed sdhesépr.odiitle vanyinmgama

ratios (or factor K) for processing graphics data. As the gamma
value {or factor K) dscreases, the amount of ink adhesicn of
graphics data decreases.

15 FIG. 26 illustrates a modification of the gamma correction
processing wmit of the second example, suitable for the developed
model shown in FIG. 21. The data type determination unit 506
dgtermines the data type among graphics, color text, and black
text, for example. Color text data are supplied to the ordinary

20 gamma correction unit 501, and subjected to ordinary gamma
correction using an ordinary gamma value stored in the gamma
value storing unit 503. Graphics data are supplied to the
controlled gamma correction unit 502, and subjected to controlled
gamma correction using a controlled gamma value supplied fxrom the

25 factor K miltiplier 504. Monochrome (black) text data are




10 FIG 25 is a chart showi ng the anount of ink
adhesion, as well as data conposition in ink {4 NOV 2008
adhesion, with varying., ganma ratios (or factor K)
for processing graphics data. As the gamma value (or

wo amb/iored€) decreases, the anmount of i nk adhesiropedo113s:z
graphi cs data decreases. 156G 26 illustrates a
nodi fication of the ganmma correction processing unit
of the second exanple, suitable for the devel oped
model shown in FIG 21. The data t&gﬁndeternination ,
uniStPEgEd ettt magey ameeEdra Wipe Hee gehphitess having
color text; and black text, for exanple. Color text '
daPETarEPsTsHri & the asKectHar REryeRPSyatme YR Hhiaséetd by the

uni,t 501 nd, subjected to ordinary gamma correction
usﬁﬁﬂyﬁﬁyﬁﬁﬁfﬁﬁ$@5§gnna val ue stored in the gamm

(31U SEOE D0 UL 203, 200 crofaleugrg elisdie
i .0l | i i .
sSUBh 50t 00 Bl1 89, ST GOLLPGL! A0 USLD Boginent

mul.t iRl 4 ( te t
NGV 2066 id> 3305/ 011665 PAIT T5064 01108 Faar rortton

suppli edot R e iRegYCUfRE iHNvANId B0RctTh& dalf in the
itens having been subjected to the associ ated

Pr e6€55eR mfleiSHRi-Nesd Besbdyn tdhe ehviBeSnSY Al heshzelons
507. FIG 27 illustrates a still another exanple of

t haepganea 1y ¢h¢ IRt t@feptC easiongl 1Mi(ked IDsacnar thirg
to the second enbodi nent of the invention. In the
10t herchrexaapi és appflactde 6 ¢be reectnd rexanpicd sBHG: is FIG. 24
furni shed to adjust the value of factor K used-in the
f agrdrthik mdifipitien B04n JasEHS.086t he envi ronnent al
conditions detected by the environnental sensor 118
(see FI@§3H§¥? ofhegectric charge from paper is apt to change
depending on the environmental conditions. In general, when the
humidity is high, electric charges are likely to leak due to the
15 moisture absorbed in the paper. On the other hand, when the
huridity is low, leakage of electric charge is less likely to
~occur.
In view of such environmental changes, the value of factor
K is modified (or corrected) according to the environmental
20 conditions. For example, factor K is made smaller to reduce the
amount of ink adhering to paper at high humidity, thereby
preventing leakage of electric charge and maintaining
electrostatic attraction between the paper 3 and the conveyor

belt 33. On the other hand, the value of factor K is sel closer

25 to 1.0 when the humidity is low, thereby maintaining the image




10 arrangenent is applicable to the second exanpl e 14 NOV 2005
shown in FIG 24 and the nodification showm in FIG
26. Leakage of electric charge from paper is apt to
change depending on the environnental conditions. In
w@meeeass when the humdity is high, electPCE/relvedgess?
are likely to | eak due to thBe&-15 noi sture absorbed in
the paper. On the other hand, when the humdity is
| ow, | eakage of electric charge is less likely to
occur.. In view of such environnmental changes, the
vaPt ¥ %8Bt or K is nodified (or corrected)

dipg to th t di t For
cxcanpl e SRR Y (RGBT ar o Hge PR tten
dh t
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paper and“t he conveyor an
sthe yalkye c%ftaflac%ﬁq{av}z(.n%%e%ﬁt 1240581 25 d:Rdasd WG, t he
~humdity is low, there mai nt ai ni ng the 1 mage 14 NOV
2006 re¥WD 2005/ 011983 PCT/JP20041011382 57 quality
hi gh. The sel ector 505 outputs selectively either the
data item. bavingsibeess subkechethd:0 ck@pleobi ade oA
correction using a controlled gamma value nultiplied
by carmeotiec pestesal e uait faactoring 4 ahe tdeeosteabod@rnt of
havi ng been subjected to ordinary gama correction.
Fl Gie 28veitligst Tat gsisaeyaiplanothkegaeeanpirecbiont peogasiey
correction processing unit according to the second
10 enbodi rehtisofurnipeed wiEntal data EmowHi detoraapiteont irdt 511
ganma correcti on processing
that determines the amount of data output for a page and a factor

K correction unit 512 that adjusts the value of factor K used in
the factor K multiplier 504 in response to the determination
result of the data amount determination unit 511.

15 When the total amount of data output for a page is small,
leakage of electrié charge due to ink adhesion does not greatly
affect electrostatic attraction or the resultant printed image.
For example, when an image is printed only at a corner of the
paﬁer, the amount of ink adhesion itself is small, and

20 consequently, leakage of electric charge is not seriocus.

In view of this situation, the amount of data output for a
page is determined to adjust the value of factor K depending on
the data amount. When the amount of data for a page is smzll, the
factor K is set closer fo 1.0 (such that the controlled gammna

25 walue approaches the ordinary gamma value} to improve the image




10 unit 530 is furnished with a data anount
determ nation unit 511 that determines the anount of %4 NOV 2006
data output for a page and a factor K correction unit
512 that adjusts the value of factor Kused in the
wd A6dAkeslK Nul tiplier 504 in response to thepcr/gr04/011382
determ nation result of thesdata anmount determ nation
unit 511. 15 Wien the total anount of data output for
a page is small, |eakage of electric charge due to
i nk adhesi on does not greatly affect electrostatic
at hAGHy OMhoE hhgndetsntt tandwsprhatpdlitmge. theFprinted image
exanpl e, when an inage is printed only at a corner of
t heo tpap&ancéd eidnahatpeiennlonadhdsriavs bEallecksic charge.
smal |, and 20 consequently, |eakage of electric charge
i s not BEi2udlivstretesvaofeit hhstiwnt ereemiodn, oft ke ampuat
of data output for a page is determ ned to adjust the
vaterreofidnaptaeskinge petid fAgOSHNT tife tiRtSE el OdJ’W?Eﬁ of
the anmount of data for a page is small, the  factor
5 stheetingggder- 48 thig et Fafagtos ¥omiitplisy @]a%’rﬁ

25 val ue approaches the ordi nar anma va
| nﬁ?%ﬂ?@e@ﬁ@ %@WCWDEG@B pr &% /U@iliggé) ‘:o produce a

PCT/JP2004/011382 58- t Thi t
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second e’ 1 nventi on.

0 ex @Q&iu%ed a . acor Myl {iph t & 5?4— alsSed rt‘PM' &ﬁﬁr&ﬂeﬁhéanma

amma correction processing uni 30. to produce a

COO&I&J LS QR MRl ¥Betd KRS SRS, S@N a0l i naryo the
gamma value multiplied by factor Kis further’

Mubbhloh 86k B¥mrizaebafecM drMihi ©)502 Wherhean gactdrmgnglupl ex
printing. Wien a single-side print job is

multiplication by factor M.

In duplex printing, the amount of ink adhesion becomes

- 15 double, and multiplication by factor K is.imsufficient to prevent
leakage of electric charge. Accordingly, the controlled gamma
value is multipliedlby another factor M (M<1.0) to further reduce
the total amount of ink adhering to both sides of the paper.
Leakage of electric charge is prevented on either side of the

20 paper, and electrostatic attraction between the paper and the
conveyor belt is maintained appropriately.

In this example, an ordinary gamma value is used in the

ordinary gamma correction mode. A first controlled gamma value
multiplied by factor K is used for single—side printing in the

25  controlled gamma correction mode. A second controlled gamma value




10 executed, the factor Mnultiplier 514 passes the
controll ed gacmma val ue output fromthe factor K 14 NOV 2005
multiplier 504 as it is to the controlled gamm
correction unit 502, wthout perform ng
wotdobhRbdscation by factor M In dupl ex printpcigeobdiaiss:
amount of ink adhesion becoggs 15 double, and
mul tiplication by factor Kis -insufficient to prevent
| eakage of electric charge. Accordingly, the
controlled gamma value is nultiplied by another
f antloripM dcdMist . @)-téo K aid [Festsredute ustdectohalleanpunting
of ink adhering to both sides of the paper. Leakage
of iel|tet cardrohadgerine preeehicedmote.ei t her side of the
20 paper, and electrostatic attracti on between the
paper aft: thena correeyinm befle apd Fhe AeEieRpending gamma value
appropriately. In this exanple, an ordinary gamm_.
valuehesinjged 1o70rHET WRFCABLS) Agarfith 2D rPeticofn fbde.
A first controlled gamma value nultiplied by factor K
5ise¥@®dSf or single-side. printing in the 25 controlled
“gamma correction node. A second controlled ganma val ue

1 9rNovrpFEs™e Worposro1he8s BCT/ JP20041011382 - 59-

or PHECRAES] AEPH COORET BT a8 BIRGH BT Pt | brhode,
vareReo e Re R et o A nep itk foP8rd 08 %ae
Moder YRR P T o oate GorTeet | ot & T e Srag ¥ o8

PrLpg)4s CANLLBh Led AR aGOr k86 EQMdiRUBLEYo as ¢
lOPr%ﬂ%%h3€(§%5§ﬁ$8$%é%preferrgggrange oflfac or_hﬂig 2
frapmdv8 42 Bp@8uh Ufect for preventing leakage of electric

charge in duplexing print.
Although the first through fifth examples of the garma
correction have been explained using an application to an inkjet
15 recording apparatus, the present invention is applicable to other
image reproducing/forming apparatuses, such as printers,
facsimile machines, copy machines, or multi-function image
forming apparatuses (functioning as either a printer, a facsimile
machine, or a photocopier), furnished with a paper transport
20 mechanism using electrostatic attraction. In addition, the
present invention is applicable to an image reproducing /forming
apparatus that reproduce an image on a recording medium using a
ligquid material other than ink.
Tn the above-descried examples of the second embodiment,

25 gamma correction for preventing leakage of electric charge is




10 avoi di ng dhplexing problem The produét KXM i s

adj usted so as to achieve the optinumeffect for 14 NOV 2006

preventing | eakage of electric charge in duplexing
print. Although the first through fifth exanples of
wd hRsBa%8¥a correction have been expl ai ned wgirGphofdhi13s2
application to an inkjet 1lggrecording apparatus, the
present invention is applicable to other inage
reproduci ng/ form ng appar atuses, such as printers,
facsimle machi nes, copy nmachines, or multi-function
I Mageforied MnNthea ppafea tersesutingd Etimtng ngrasateist; hierweger,
printer, a facsimle nachine, or a photocopier),
f uganush edrawict boramga frer inrlanepedt b2 @ pebhiani drivesi ng
el ectrostatic attraction. In addition, the present
i n9khtsitahleds imppl fekesbal hoshrorpagy Pepissautithgd) -
/[forming apparatus that reproduce an i nmage on a
r ecor di REF-nB8li isnmrugliogly Hagrat6f o FREErFHPYHThersidad
ink, In the above-descried exanpl es of the igﬁpggm ¢
5 enBbdl FeRtLinted Sirdupmg LR GIGCREHPINTS dPe R R 1 FRgment ©
‘| eakage of electric, charge is 14 NOV 2006 . .
20657 GTTO8E PO BIYOROTISES: - 80, HEF FoPRRA Ao frgmins
I mage reproducing/formng _appara . h .
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seco ment of° the invention-

10€mpadizeat con@ﬁtéﬁﬁ&?eﬂa@@i QB Gl 8L 0 R A GindaPRABAEMS the
does not have to have a function of generating dot

palberas e Beraabual iyklacossded: @ pppaitubased amrple.
print  command for printing pictures or texts’. The
print er tarirger3@1Bpification software 602 executed by the host
computer supplies a print command (or a recording command) to the
printer driver 610 installed in the host computer. The prihter
15 driver 610 processes the print command, and produces print data
rasterized in dot pattern data designated by the print command.
The dot pattern data are transferred to an image recording
apparatus (or image reproducing/forming apparatus) .
The print command for drawing picture or text is generated
20 by the operating system or the application software 602 executed
by the CPU 601 of the host computer. The print command is
described by a specific print language, and it contains
description about the location, the thickness and the length of a

line to be recorded, or description about the position, the font,

25 and the size of the text to be recorded. The print command is




10 the host conputer generates dot pattern data and
transfers the dot pattern data to an inkjet recording
apparatus, for exanple. In FIG 30, application
software 602 executed by the host conputer supplies a
wprbsiiegmand (or a recordi ng command) to tdeayyepuod/eitisy:
driver 610 installed in thedast conputer. The printer
15 driver 610 processes the print comrand, and
produces print data rasterized in dot pattern data
desi gnated by the print cormmand. The dot pattern data
ar ectpaasity seédred ianthendigerine clortdi mgorapddr atrus (or
i mage reproduci ng/ form ng apparatus). The pri.nt
cornbgitbrbed dvallien gapiccttare 66f - tTEgtrasseymeer e domzgts
by the operating systemor the application software
602hex@c it edp ™yl tHheo cPt IBOLHt dgg% Roke acoHpLiverscorked
prlnt connand is described by a specific print
| akgeEyen Q“r?leJFe%ﬁFaéﬁlﬁ% F&Es%ﬁ“ﬁf o ABEIRt tcl?émand for
| ocati o

hi ck d th of I 0
Sbe SPEESRHLGE 131 dBsERTBERSh {AHo (P PR BU e Fb RO P o
Lot R B, el iel Soh AT gL 15 Wnana
PCTI P |
% %%§ %:81%1%@;(25 :x.g 6(6){)}%5 rﬂ{t'o &otc‘ ﬁaglf.g%nbaa#% gccordlng

vvlng a “menor y Interp

ra%e{ﬂ Sésﬁgqlétecir Ss{ﬂ%kec{ﬂdzg{zemﬁsﬁ-@;”w‘! gﬁtéutltl@x% print _

comTan into attern data to be actual Iy recorded

bagge,aRtihe ckPLLARE etdhi Rt HRlifX aRh e0st B&REI H the
command for 5 recording a line is converted into dot

10Patbef ol raCeidi iy bottetheidasignatetd ofatked: data
t hi ckness, and length. The print command for
r eg@nchyngot ext is converted into dot pattern data
according to the designated position and size, using
t ext outthemeehafaingtdodrosgxtrachesd, frhemifiotdr owfvdmaels

data 608 stored in the
performs gamma correction described in the first, second, fourth,

14 NOV 2008

or fifth example in gamma correction processing unit 607.

15 Explanation for the gampra correction carried cut by the ganma
correction processing unit 607 is omitted here because it is
already made in the above—described examples.

The dot pattern data stored in the raster data memory 605
are transferred as pixel data (or print data) to the inkjet

20  recording apparatus or the image reproducing/forming apparatus
via the interface 606.

By performing gammalcorrection in the printer driver of an
external host computer, workload on the image reproducing/forming
apparatus can be reduced.

25 Although the present invention has been described based on




10 host conputer. These dot pattern data are stored in
raster data nenory 605. Wen generating dot pattern
data, the printer driver 310 perforns gamm
correction described in the first, second, fourth, or
wa wbsisganpl e i n gamma correction processi RGTAPI004/8 0582
15 Expl anation for the gamyazeorrection carried out by
the ganmia correction processing unit 607 is omtted
here because it is already made in the
above-descri bed exanpl es. The dot pattern data stored
i ntAhEreigsred ahedineeher yhe0RVeREEN tanstetimigedde these
pi xel data (or print data) to the inkjet 20 _recording

apFEPHTRSr EFeCIHEY8: 5 GITEF Ay AP i NI RISFaRPLETt
iat [ f 606. ' t
o le AL eLaCe EO5. B perjaciing S cireruion.,
kl.oad .the i . duci f. i NQ. .
workheal o, he Linge,Cont Il LR LS

be cri.be v 1

5 P FBRGHT O 1302 G5 TS TP b P B b adi et 4.0 The’ %%
| NYSRELAN ol SedQhe | dtlik 84140 185820 RAMLIRIGS- £IR6: &
exanpl e, the factor Mset for duplexing print™ may be
cophi RefhiWhl hirehgnd et OF Kk fRhepIRVent ithg $i8hb8ke of
different in bidirectional recording illustrated in
t headulch 8¢ BIMOdE FBMencS, hhet fticBof 36 8sed er phgfietigdprint
range of factor Mis from0.8 to 0.95. However, since-
t heayg TR al tig el Syalfaeady K adjed Sicetl the badiectkonaflor
reduci ng the anount of ink adhesion for the purpose of

10 r epheicitingy eotierandi fiee Bepbesing heifbatode dMeusetd sflonltaneocusly.
dupl exing print rmay be substituted by factor K when
bolh thhe desdi ribet faortak K for reducing coior difference is
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slightly adjusting so as to reflect the factor M.
There are many other substitutions and modifications

apparent for those skilled in the art without departing the scope

. 15 of the invention, which is defined in the appended claims.




10 printing node and the dupl exing print node are set
simultaneously. In this case, the factor K for
reducing color difference is slightly adjusting so as
to reflect the factor M There are many ot her
wotbshiésat i ons and nodi fications apparent forgthosaiss:
skilled in the art wthout _dgparting the scope 15 of
the invention, which is defined in the appended
claims. 14 NOV 2000 WD 2005/011983 PCT/ JP2004/ 011382
-63- CLAIMS 1. An image reproducing and form ng
apparatus conprising: a redd8ddihg head configured to
eject liquid droplets of at 5 |east one col or and
capabl e of bidirectional recording; and a controller
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conflgured to control an_anount of liquid adhering to
HT%%& fﬁﬁ§8ﬁuﬁﬂ¥ga§nq(§°F@%?€C%PH?6? &PT?E%Séﬁ%e

occurrln irectional recordin .

mage. ropPORFARR ORI paarat dusHd CREPISEE. of ot

g B0 L LA
and wheg gcltogr ‘ier co% alyl g1 %g@%l %23 aﬂl‘éﬁxﬁ@ C{uﬁe

process uC|ng col or rence
e t I
i A e g

COBE&&&&% iNagheApdet-ebm gt i Aoy t hat determ nes
20 an object to be output and the nunmber of colors

,used in the bidirectional recording, and wherein the
controll er does not performa process of reducing the
tocol or difference when the object to be output is not
text and when the nunber of colors is ,
2. The image reproducing and forming apparatus of claim 1,
wherein the controller has a determination unit that determines
whether an object to be output is text, and wherein the

contreller does not perform a process of reducing the color

15 difference when the chject to bz output is text,

3: The image reproducing and forming apparatus of claim 1,
wherein the controller has a determination unit that determines

20 an object to be output and the mmber of colors used in the
bidirectional recording, and wherein the controller does not
perform a process of reducing the color difference when the
object to be output is not text and when the nmuber of colors is
one.

25




one. 25 1 4 NOV 2006 WD 2005/011983
PCT/ JP2004/ 011382 -64- 4. The i mage reproduci ng and
form ng apparatus of claim1, wherein the controller
controls the amount of |iquid adhesion through

waensmabdsed ganma correction using a controlPCedryemTessd

16

15

20

25

val ue adjusted so as to redage the color difference.
5. The imge reproduci ng and form ng apparatus of
claim4, wherein the controller has a selector that
selects either an 10 ordinary gamma correction using
an ordi nary gamma value or the controll ed gamm
correction for reducing color difference using, the
coft 'GP g aFfPrCdusine . 2fs Feminh aPRERfesr ebrdai®ilng
and form ng apparatus of cl ai

c oFEF G eldieg SrhtECL A L ECT O &E?

I f act K, Wwh n Ki t..kn th
AFEepR ot it st Y, nigR o pr ottt Ag
and_for mc'ln +appar at ys of %laaéh@ Botty §3[ffe‘9@1‘? £in the
control Fer™€= &6ntt gu r%?ﬁ e

85d%f%ﬂuﬂ’ Nﬂfegﬁe h&%ﬁgﬁmﬁs}m

i'sTconfi gure 0 Sel ectively perform

either a controlled gamma correction for controlling
the amount of |iquid adhesion to reduce the col or
difference in 25 bidirectional recording or an

ordi nary gamma correction not 14 NOV 2006 WO

20@.5/ ﬁélﬁééepgﬂré&’&%/ M@&ﬁrﬁn@%pparatus of claim 4,

wherein the controller has a selector that selects either an
ordinary gamma correction using an ordinary gamma value or the
controlled gamma correction for reducing color differépce using

the controlled gamma value.

6. The image reproducing and forming apparatus of .claim 5,
wherein the controlled gamma value is a product of the ordinary
gamma value and a factor K, ‘wherein K is set in the range from

0.35 to 0.65.

7. The image reproducing and forming apparatus of claim 2 or 3,
wherein the controller is configured to selectively perform
either a controlled gamma correction for controlling the amount
of liguid adhesion to reduce the color difference in

bidirectional recording or an ordinary gamma correction not

14 NOV 2006




addressed to reduction of the color difference, based
on the deternmination result of the determ nation 14 NOV 2005
unit. 5 8. The imge reproduci ng and form ng appar at us
of claim7, wherein the controller uses a controll ed

wgamwsai1vsl ue-to perform the control |l ed gan®aT/IP2004/011382

5
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20

25

process i nege

correction, and uses an ordiéhary gamm value to
performthe ordinary gamma correction. 10 9. The inmage
reproduci ng and form ng apparatus of claim8, wherein
the controlled gamma value is a 8$oduct of the

or PR NFEETe CAndrea Pt BtEderehfrer Brsedkor $heet
i t . f 0.35 t . 65. 5 10.. The i
oo PR e i it SR nat R Gh e 1 aner ei

when duplexing is perforned in the bidirectiona

recording, the controller further controls the anount

of liquid 20 adhering to the recordi ng paper using a

factor M, wherein Mis less than 1.0. 11. A printer

dr'iY Ofnd RRARY LatkolilehoCOP Wbk B0kl YR &l 7,25
ata to be suppliéd to an i mage

r ephOQUG Atk aBckrb1 foNVe? Q06on MO 2RO AL 98Bhe to perform

PCT/ JP2004/ 011382 -66- form ng apparatus capabl e of

bi dhé eshiefakdrReRs HoR@edtSbAY d tRG0EMIJ19iMegdgdmi value

ejecting liquid droplets of at |east one color onto a

r eeorghrfigrometie waditd)e faninat esrideti@r. conpri sing: a

control unit configured to control an anmount of liquid -

5 adhering to the recording nmediumso as to reduce

color difference occurring in the bidirectiona

recordi ng. :

9. The image reproducing and forming apparatus of clai@ 8,
wherein the controlled gamma value is a product of the ordinary
gamna value and a factor K, wherein K is set in the range f£rom

0.35 to 0.65.

10. The image reproducing and forming apparatus of claim 1,
wherein when duplexing is performed in the bidirectional
recording, the controller further controls the amount of licuid
adhering to the recording paper using a factor M, wherein M is

less than 1.0.

11. A printer driver installed in a computer and configured to

process image data to be supplied to an image reproducing and
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12. The printer driver of claim21l, further
conprising: 10 a determ nation unit configured to
deternmi ne whether an object to be output is text,
wherein the control unit does not performa process

WORSEUA ng the color difference when the PSHIBYN4/Q13332
be output is text. 15 13. Heé-printer driver of claim
11, further conprising: a determ nation unit
configured to determ ne an object type and the nunber
of colors used in inmage data, and wherein the contro
uniEPrHEEseRTGa Py f:w%%a Pr 8&%@%@%%@@1% gsE8l ar
20 difference when the object type is not text and
wh ERCEHETA ipRe r forofd 5T &lﬂ%ldo OPIEES ohat plrﬁaﬁFé?ne color
driver of C|§Iﬂ1ll whe e|n t control unit

i nEF I8 TR GER R "EGT e c IO R HR eff Pt g‘fﬁmé’ﬁlﬁ%lg

sel ecti vel 005/.011983
PCT S Po b ETInED EA R e 0 SORERE 2 e, RF ddauid

SCO &Itllngntou% g:e@o Jﬁgfdflﬁzg s%agyato ¥§£&é§ %ﬂo%sél%etﬁ&ce

asto reduce t e co erence or an
JapRLGIh, &G LD bHéil%g,thhaQr £l pakypgHanma v aI ue. 5 15.
The printer driver of claim 14, wherein the controlled
ganma  value is a product of the ordinary ganma val ue
and a factor K, wherein Kis set in the range from
0.35 to 0.65. 10 16. The printer driver of claiml1l5,
wherei n when the i mage data designates dupl exing, the
conkr aheupiitntts €51 @erS €€ axichin o, r Ghithedr Gaphrbsivngk ue
obt ai ned by nmultiplying the product by a factor M

10 a determination unit configured to determine whether an

14 NOV 2008

cbject to be output is text, wherein the control unit does not
perform a process of reducing the coleor difference when the

object to be output is text.

15
13. The printer driver of claim 11, further comprising:

a determination unit ceonfigured to determine an object type
and the number of colors used in image data, and wherein the
control unit does not perform a process of reducing the color

20 difference when the object type is not text and when the number

of colors is one.

14. The printer driver of claim 11, wherein the contrel unit

25 includes a gamma correction unit configured to selectively




wherein Mis less than 1.0. 15 17. The printer driver
of claim12 or 13, wherein the control wunit includes
a gama correction unit configured to selectively
performeither a controlled gama correction for

44 NOV 2006

weansPoPsl ng the 20 anount of |iquid adhesi ®GTIP20441011382

ordi nary gamma correction néf-for controlling the
anmount of |iquid adhesion, based on either the
deternination result of the deternination unit or an

exter I lied instruction 9 4 NOV 2006 WO
POBS 6T o PRI P ST FrSes 8- 380 arpetHiATL et

d Laim 17, .wh the cont t
okt FSGRMTE o hener FoPhi hégc%%?llf‘%? E%Ea%gamm

perTarney %ﬂ@%&?ﬁ%&ﬁ% A BB VoY oA 5

printer driver of claim 18, wherein the controlled
ganma  value is a product of the ordinary ganma val ue

sand a factor K, wherein Kis set in the range from

10
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0.35 to 0.65. 10 20. The printer driver of claim19,

whes eitRe Whehtdhari Rger daban 1deshgnat erdulRXxbNga bhiga
control unit uses a second controll ed gamma val ue

obt#liveetk hypratict pby thg driendifoguel: By &RCEOFadbr A5
wherein Mis less than 1.0. 21. A data processing

apgaraiuX fisrsqir tcadei nggenbge dasatb@.86. supplied to
an i mage reproduci ng and form ng apparatus capabl e of

l6. The printer driver of claim 15, wherein when the i@age data
designates duplexing, the control unit uses a second controlled
gamma value obtained by multiplying the product by a factor M,

wherein M is less than 1.0.

17. The printer driver cof claim 12 orx 13, wherein the control
unit inciudes a gamma correction unit configured to selectively
pez.:form either a controlled gamma correction for controlling the
amount of liguid adhesion or an ordinary gamma correction not for
controlling the amount of liquid adhesion, based cn either the
determination result of the determination uvnit or an externally

supplied instruction.




20 bidirectional recording using a recording head for
ejecting liquid droplets of at |east of one color onto
a recording nedium the data processi ng apparatus
conprising: a control unit configured to cause the

14 NOV 2008

wo pmgel1okst a to be processed so as to contr gCTaneanparsz
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of liquid adhesion to the -2B-recording nediumin the

i mage reproducing and form ng apparatus 14 NOV 2006

WO 2005/ 011983 PCT/ JP2004/ 011382 69 to reduce col or
difference occurring in the bidirectional recordin

5 29: T%ﬁep‘ﬂaiﬂ% SEbEes SE ngtaaBparal iRreoR CleafmRepl unit uses
wherein the . control_ unjt includ a orrection
UnPt EGRT g SR o= EEEFVETY PAF PSP A 1EOrFET | ed

ganup. correction for reducing ..col o, difierence ig the
bi di recti otal "t &E6F ding or ~ah “or di nary gaﬁna

G PREFEREM BT inge dara. 15 20 25

12, The printer driver of c¢laim 18, wherein the controlled gamma
value is a product of the ordinary gamma value and 4 factor K,

wherein K is set in the range from 0.35 to 0.65.

20. The printer driver of claim 19, wherein when the image data
designates duplexing, the control unit uses a second controlled
gamma value obtained by multiplying the product by a factor M,

wherein M is less Tthan 1.0.

21. A data processing apparatus for processing image data to be
supplied to an image reproducing and forming apparatus capable of
bidirectional recording using a recording head for ejecting
liquid droplets of at least of one color onto a recording mediunm;
the data processing apparatus comprising:

a control unit configured to cause the image data to be
processed so as to control an amount of liquid_adhesion to the

recording medium in the image reproducing and forming apparatus




WO 2005/011983 PCT/JTP2004/011382

10

15

20

25

-69-

to reduce color difference occurring in the bidirectional

recording.

22. The data processing apparatus of claim 21, wherein the
control unit includes a gamma correction unit configured to
selectively perform a controlled gamma correction for reducing
color difference in the bidirectional recording or an ordinary_
gamma correction not addressed to reduction of color difference

on the image data.
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