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; 9:; <e3ephhi |l | (p68pTpC ,. 2 z ocr 2002 _ , _ TITLE OF THE | NVENTI ON | MACE
PROCESSI NG METHOD AND DEVI CE AND | MAGE FORMATI ON DEVI CE BACK ﬁng THE
| NVENTI ON 5 The present invention relates to an i mage processigg HIR and
devi ce and an image formation device which converts input nultilevel inmage
data into nmultilevel imge data with a smaller nunber of tones through a
mul tilevel error diffusion process. 10 Conventionally, with mmmummmmmf on
devi ces, such as printers, that use |ine-hehds-such as line

emtting diode) heads, |line thermal heads, and line ink jet headgegots of
the sane size are printed at a resolution inherent in the head used onto 15
recordi ng paper to forma bil evellIrnBger W8Eh INWENTIION LED heads havi ng a;
nunber of LEDs arranged in a horizontal |line, the resolution corresponds to
t he spaci ng bet VdaGEcRBRCEEDING MESHORSAND DEVECE SND IIMASHEH FORMATIION: he

| ine thermal heads having a nunber 20 of heating resistor elements arranged
in a horizontal DEVAEE the resol ution corresponds to the spaci ng between
each heating elenent in the raster direction. Wth the line ink jet heads
havi ng a nunber of ink nozzl ePAGEGRRYEP i OF dLHor IO BION i ne, the
resolution 25 corresponds to the spacing between each nozzle in the raster
direction® In these IRgy®IESCRSt iiGYedd L Peseldt@sadier fdfst® 2 2 OCT

z00z - 2 are sinply reproduced as hilevel images with the specified

ool utton o L RERFeREIae ReERRd 3Rt SEVIER SatnegelnAde CORRGRIOR ¢ hr ough
t he use of halft%nhng s§ch as ordered.dit%er ggtqod qr.errorinffusion
method. 5 In t hSSKAFFt BRIGY SPOYESLS) Anphits MudEdevel; dMags, dates Rkt o

nake the maintepance,abed Biglier A3RLULIRR ANdyLhe LeRLOBUG! 0N (g i gh

tone | evels conmpatible w ch other. Tn the or I'ther in

parti cul ar, T eSehubiaR ANGu1099 lYCkS ANt i llcgach other. A Iine

head- based i nage tion device has recently nmade its advent which can

representgone pixel Wdnedtli@WaliaRe havel SmgelFdithattldd dedlued | Rge data
and nodul ating the printing area wthin one pixel. 15 FIG 15 shows a

recordi ng head a@vgﬁgn@e@uvbehaafu@ecqaabngeaaan%uba Al aneed ed a
hori zontal |ine and exanples of dots recorded by the recording head 1. For

sinplicity, in gheghxaespietdhgFdGoddd, headspi 1¢het akesmane hefadishr eadval ues,
i ncluding white. Arranging four 20 or three such recording heads in
paral | el al | ows ldokoinknggés headse detsr déd the camei sdizieors eofpriiadredcol or s
of cyan (C, magenta (M, yellow (Y), and black (K) or three colors of C
M and Y. Such P¥ageresehutiion daherestt Aat thlel bgatiouselde oP3or ecor di ng of
mul til evel image data performvarious inmage_processes, such as col or
conversi 8, und&PESKEANTeRBPEF LOCRPTENG/ 5 lgyeda impgecor Md&ti &€ and t hen,

2 2 OCT 2002
line LED heads having ar number of LEDs arranged in

a horizontal line, the fesolution corresponds to the
spacing between each LED in the raster direction.
Likewise, with the line thermal heads having a number

20 of heating resistor elements arranged in a horizontal
line, the resolution corresponds to the spacing between
each heating element in the raster direction. With the
line ink jet heads having a number of ink nozzles
arranged in a horizontal line, the resolution

25 corresponds to the spacing between each nozzle in the
raster direction.

In these image formation devices, character images
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- 3 in order to reproduce a specified nunber of tones inherent |n t he
pri'nter engi ne that actual l'y performs image printing operatlons dﬂ}f&mﬁ
multil evel halftoning using screen angle such as nultilevel 5 dithering or
“mul til-evel error diffusion process, thereby obtaining multilevel inage data
havi ng several bits for each pixel. And the devices effect an inprovenent
in imge reproducibility by allow ng one pixel to contain nore information
content. 10 In general, the ordered dither Broeess is a light and fast
process and can effect cost saving. In conparison with the dithering, on
the other hand, the error diffusion nmethod is conplex but superior in inmage
quality. The erraxe diifrfplsi arepridwatediass ekleval eiadnss wel yh uslesl because
its conplexity has recently been solved by advances in LSI technology. In
many cases, |inespesads edf rnedolwetidn ref prhietterteedvbe/e wiatlatplostsodraphusc

vol ume and direction of ejected ink fromeach ink nozzle. In order to
reduce such 20 vardged are Emwduamhstlarmuglal ity we refimetyl ftghiagcur acy
is required in manufacture, resulting in very high manufacturing cost. On
practical side, such a8 lrdsirac ditdan amthadhar teweramrd o fonkon rmeteod .
volume and direction of ejected ink occur fromeach ink nozzle. 25 In the
presence & suchRdheathadifordts BRAGRIF biR ik hoddes tthatS t&idV t o nake

| arge dots or adj, ent dots thq‘t%p%dgqﬁﬁ%héﬁ%algfpsn%bﬁ{ thar&a standard
al ue 2 2 CCT & t The
\c/)t hgr hand, dot ﬁaé{cgrt ge)ij % eri esq Eaapgblr end teo k%d%n%ompgﬁgﬁ
dj t dots t ke-th
Sejngft?g of Ot ﬁat v%.tfh rta{corpo q,lv&ror e a_%:e &M%%e dsftmé)re é‘ltﬁ(g&a rportl oﬁ Iﬁ
y a

ei ther case, densi nonun| ornlty occur, res |ng A egra tT'on of i mge

quality. In or ?Tgfc?rtt%oqflea‘éemr a%?c}a'i%hé)f ARt fde WBE, has

hitherto been e an dpproa s 1n t I nned- out prlntlng in the
checkered ¢f orm égyﬁrgghégmeproductlon of density nonuniformty appearing
inthe formof a stripe 1n particular by, for lines in the sub-scanning

direction in which dif eciiomPaPBadsd f Behgdr f oA SRCHevide RASOUgh the
use of two 15 or nore ink nozzles instead of printing by a corre sponding

one of the ink nozzdsly mathy YiddadlaintSivitidh ddie samce fenbedneepiasl] acent
dots. Such an approach allows density nonuniformty to be reduced to sone

degree but not endigh £V l[tomparidawailsarby ius iy mase -ofaudd pamade | datea
printer that allows one pixel to be represented in several tone | evels by
nodul ati ng the mrdimadplatEiag e oot pigadrasinighn tonevel xehage dat a,
if amltilevel inmage is reproduced with dots of such internedi ate size
that 25 ddj acentFifot slDhatems omeqondinomead hWavineaamwythry of here

arises a problemthat denS|ty nonunlfornlay inthe formof_a strl e_ becones
significantly ndt§cFbIg e eznezlt@;,ame RN hﬁ%%t?%elﬁiﬁmég“@l sual

systemthat is ve enS|t to hori z d vertlc Ilnes guite
possi bl e t hat sl‘:‘i’b"‘f\g‘f Sl;ﬁfs cﬁ%‘iﬂrégeeci‘rgﬂ afr r’éec%% %a%ejf‘lSI t’islor
”Onun'for”‘ty"LfﬂEifé¥€9, in the example of FIG. 15, one pixel takes
one of three values, including white. Arranging four
20 or three such recording heads in parallel allows color
images to be recorded by combinations of four colors of
cyan (C), magenta (M), yellow (Y), and black (K) or
three colors of C, M, and Y.
Such image formation devices that allow for the
25 recording of multilevel image data perform various
image processes, such as color conversion, undercolor

removal (UCR) and/or gamma (7Y ) correction, and then,



5 a stripe. There is another approach to control density nonun%QOﬂ i tygoby
finding characteristic values for each ink nozzle in advance through test
printing, storing corrections for all the ink nozzles in nmenory, and, at 10
"the time of printing, correcting the printing characteristics of each ink
nozzle. The application of this approach to a print head, such as a line
head in which a | arge nunber of ink nozzles are arranged, requires a very

| arge capacity nenory to store the correeticdns~ 15 In addition, a driver
LSI for correcting the printing characteristics is required to have
significant control capabilities. Thus, the approach is difficult to

i npl ement . BRI EFLISWAANRY € ddfir o dNVENTL Bb2Oified Snambebj 6€t tofieshe present
invention to provide an i mage processing nmethod which, in a range of |ow
tone levels in wnldrett i jrestlamdoxibmset yengimai thati dytaatlyeparfuveny
difficult to be noticed, maintains the substantial resolution by
reproduci ng 25 duotagefprimwtSagreopéretions | npgefdanamoltihevedne | evel and,
in arange fromnediumto high tone | evels, reduces density nonuniformty
by reproduci ng deakfening psORY uoeen snghel supheasi mestibevebnge data of
the same | evel, and noreover is easy to inplenment. According to a first
aspect of he présehering e imnltileyel|erpepvdibiuahonnBgecpfdeessi ng

met hod 5 for converting input multil evel infge data_in mgich each pi xel
consists of M bi tReEFPHAREF IR UPPLEL HEY L | Bh_Ye| dakR BaAVirFnSEKeERLleach
pi xel consists of . N (M> N 2 1).bits of data so that the_output nultileve

i mge data has gb%%%] T ?ﬁﬁﬁmﬁl%ﬁiton%ngeég?sg?ﬂﬁﬁe?hﬁgﬁﬁc%nﬁﬁt nul til eve
i mge data throu il evel., rdiffusion. process Foduci ng dot
patterns accordi%%%%§§%$é§?oﬁ§ }ﬁéé sréj r%%%ég% gh YnuYt?Fge fggnﬁﬁg dat a,
wherein the mul ti]gvel, er cS’rEtQiﬁf:HéfgnizE’fé’ﬁﬁé?wg ESnBufp, that, when the
input multilevel"1Tnmage data rs 1n a 15 range rom hedr um f o hi gh tone

| evel's, the types of gotpatlefns.pbogHaerelY at iEepULPYEBY! Ll gvel image

data are larger in nu e?g?%an f hose proguced en the Input nmultilevel

i mage data is | L fgh @R Of ad OVHEEEEs & CYRE Scah lef Be@DOLHEE QR ERY, Of the
present invention to 20 provide an i1 nmage processing device which; in a
range of | ow tonen|exgbsrisomhyLih Stié p@ﬁtl@@ﬂiﬁlﬁp%ﬁ%ﬂ@n@’@héﬁrHéh&, are
relatively difficult to be noticed, naintains the substantial resolution by
reproduci ng dot stlod édweo:sadef Sugiod atethhdgeislatemplek hpusagepeevetr 2h and,
in a range fromnediumto high tone levels, reduces density nonuniformty
by reproduci ng dmagefqualitpl e Bheesrfor dhfifjes tah amethofichgankekrvel , and
,2 2 OCT 2002 7 _ noreover is easy to inplenment. According to a second
aspect ofld he prextensivekbntused béeawese sips ovomplienhtynhge pecertisyng
device conprising: a plurality of conversion tables connected 5 to receive
i nput mul til evelPeemgEetiegd b agvarcedchn phRE| teohsese3Yeof M bits of data
for converting it into output nultileyel inage data in mhiih each gixel

consists of N bits of IRaP2lY1FRSBnvetBEoRerdBI 88 hAki AGtdlFREr BRENTETS

conver si on thregpold settings for_ 10 nultilevel i e dgta in.a_ran edfrom
modi um to hi gh (ORES | LVeHEE TERF ¢ thi HAF nEHER? (Pd et ke T GePY Shi EARTAEL he
conversion tabl ef‘nliof%&?eeééh ComY e 55 o1 Of iHeof@gyt¥8U£éahsge£u{:Hage dat a;

and nultilevel error diffusion process neans for performng a nultilevel 15

error di fFgisi on pLECOSToMS| B dhea C@@N@Eéﬁ@“véﬁ?% eSeReLeREEY RYghhe

switching neans to convert the Mbit 1nput nultilevel image data into the

N-bit output accuracy is required in manufacture, resulting in very
high manufacturing cost. On practical side, it is
therefore inevitable that the variations in the volume
and direction of ejected ink occur from each ink nozzle.

25 In the presence of such variations, dots formed by ink
nozzles that tend to make large dots or adjacent dots

the spacing of which is smaller than a standard value



mul tilevel image data. It is another object of the present inventgon 282 20
provi de an image formati on device which, in a range of lowtone levels in
whi ch stripes and density nonuniformty are relatively difficult to be
"noticed, maintains the substantial resolution by reproducing dots of the
same size for imge data of the sane |level 25 and, in a range from nmedi um
to high tone levels, reduces density nonuniformty by reproduci ng dots of
multiple sizes for inmage data of the sane | avel, and 2 2 OCT 2002
noreover is easy to inplenment. According to a third aspect of the present
invention, there is provided an inmage formation device conprising: a
plurality of conwsitie tadlsiscdmeagiged Sotwideaeiye. | npwtthal dthevel

i mge data in which each pixel consists of Mbits of data for converting it
i nto out put nul thdmeleldotmgemedd byn Wkt aozabds ptixet cemdi b snalke N bits of
data, the conversion tables having different conversion threshold settings
for 10 nmultil eveimdMagotater iad Roanyadtomiedipasing wfwhbae isvel s;
switching neans for selectively switching the conversion tables for use in
conversi on of tHefggutthan td |standanhgea e aakrl the cdensily oo f diidtusi on
process neans for performng a nultilevel error 15 diffusion process using
the converisi on tRMIEL B BEPIURE it Hi FHERR 1B ERAVPITEHRI M bi t
input rmultilevel_ inage data into the N-bit output nmultilevel inage data;
and printing neds §6M95 iGRI%g IR MPIPHHRFIN-BY T Wager W EE1DD

Addi ti onal objecls(g?d advant ages of the iqyention will be set forth in the
descri ption whi cH® f6t9 I 9 1R Y3 B vbvi ous from the

SEZC;LS;L?QgeSr F?ﬂ%?ﬁn T ord R Bt Esiv?éel PG efLE (F S Teans of
horel naftor ot SRR QRO Al BR e iad PPN Shidibach fous o
THE DRAWING The accoimai ik i dWsh+ WY Cfh afife | GQEIROF &G efbif, and

constitute a part of the specification, i1lust rate presently preferred

embodi ment s of t&tﬁmﬁf&&erﬁﬂégaro'ii@@idrpﬁt% hedn ¥ £ AL OefAeFRl tglescri ption
gi ven above and the detail ed description of the preferred enbodi nents

gi ven bel ow, seratpddyaxpliai Hderdim nof M est9fpd hen ipyeridwlar Bbf foits a
bl ock diagramof a first enmbodi ment of 10 the present invention; FIG 2 is

a bl ock di agramlifnes inagee Eus-essdmgisecditsct o hen prhidlerd Loadétdbh er in
the first enbodinent; FIG 3 is a block diagramof the printer engine in 15
the first enbodipepdr H Gedl, showwstimpgrchiotise zgsrdwyh grixalatseonst i twae he

15 or more ink nozzles instead of printing by a corre-
sponding one of the ink nozzles to vary the dot size or
the spacing between adjécent dots.

Such an approach allows density nonuniformity
to be reduced to some degree but not enough.

20 In particular, in the case of a type of line printer
that allows one pixel to be represented in several tone
levels by modulating the printing area within one pixel
using multilevel image data, if a multilevel image is
reproduced with dots of such intermediate size that

25 adjacent dots barely come into contact with each other,
there arises a problem that density nonuniformity in

the form of a stripe becomes significantly noticeable.



first embodinment; FIG 5 is a diagramfor use in explanation ofg@ duashm
algorithmfor multilevel error diffusion used 20 in the hal ftone processing
section in the first enbodinent; FIGS. 6A and 6B show exanpl es of error

“di ffusi.on coefficients to be stored in the wei ght coefficient storage
section used in the multilevel error diffusion 25 processing of FIG 5;

FIG 7 is a graphical representation of the degrees of influence of density
nonuniformty and 2 2 OCT 2002 - to a-dirme en the human visual systemin
|l ow to high degradation regions; FIG 8 is a block diagramillustrating a
specific arrangenent of the hal ftone processing section in the 5 first

enbodi ment; FlI G 18 ¢bémsoantksanmhenotisugll sykewrl thatodkakegpnversion
table in the first enbodinment; FIG 10 shows anot her exanple of a

mul til evel -tooct aénsbbyesstonhdabtentalt Aadf restieabodinest; i1t0iBl G 11
shows still another exanple of a multilevel-to-octal conversion table in
the first enbodi gente poSSibleAthat 8§2Bgbhopoantéraapl dieplacemenkl ésel
to-octal conversion table in a second enbodi rent of 15 the present

i nvention; FIG 1Iece¢nired a9 denshgynpansnafdrnityi Lavehet fosmapt
conversion tables in a fourth enbodi ment of the present invention; FIG 14
shows a nodli fi cadi ®Rr&Pethe fourth 20 enbodi nent of the present invention;
and FIG 15 shows an exanple of printing by a conventional |ine recording

head. DETAI LED DESCR BP¥PER &f FPRUPRUERPPERAFEr EPnSPREFOLt RENSA&Fer r ed

enmbodi nrents of the 25, present jnvention wiJl be described with reference to

t he draw ngs. Th?%n%ﬂbg8¥%%5¥ S¥ | f1pdingse ?B@ﬁt?ﬁlﬁE%ﬁsvéx%eszerCE?c 002

- 11 licati f the,i f i i to, I ink.jet

Srinter (EPrse EhBouPrebe LEladvangt "EhESRah “Hp St kA1 RriRer: abPRibEhe
ti 5 hard i t Qn. h 4 ] t

LI e, S pnar AvAroFPOLLOULE! 10D ofy PORL PORPHLEELLL LESHEED 1 0n8, CRko

of data. jMpre Sp@ﬁéf£%me 8@'%¥in£bﬁgb°§&rf@8€§ﬁﬁ{F%%Ig?%@g?ﬁ%gcgEQEﬁa”d

raster data fromits driver 111 to a printer co _ e
printer 12 to ”H£éPi£H§c§h§fa§&€ﬁ'§ﬁk0§09§lé0te@ﬁéPSFbQiEBQiBB'BEeEhib” the
er

printer 12, the printer controller 121 drives a prin engine 122 in a
control | ed mannegpproach to a print head, such as a line head in which
a large number of ink nozzles are arranged, requires
a very large capacity memory to store the corrections.
15 In addition, a driver LSI for correcting the printing
characteristics is required to have significant control
capabilities. Thus, tﬂe approach is difficult to
implement.
BRIEF SUMMARY OF THE INVENTION
20 It is an object of the present invention to
provide an image processing method which, in a range
of low tone levels in which stripes and density
nonuniformity are relatively difficult to be noticed,
maintains the substantial resolution by reproducing
25 dots of the same size for image data of the same level

and, in a range from medium to high tone levels,

reduces density nonuniformity by reproducing dots of



The printer controller 121 expands coded i mage 15 data (for exa@plﬁ?-%m age
descri ption | anguage such as PDL) fromthe host conputer 11 to a bi nag,
_perforns image processing on it, and then stores it into a built-in page
menory= The printer engine 122 converts bit-napped i nage data fromthe
printer controller 121 20 to drive signals, which, in turn, feed printing
paper and drive the color ink jet head for printing an i mage onto the
paper. It is not necessarily required that ®he-printer 12 have a one-to-one
correspondence with the host conputer 25 11. The printer may be used with
the currently wide spread network as a networked printer. In this case, a
one-to-many rel atubnigtlie giesad tfor Timagat@ifacef tRe 2s&0R 2a0@1; 424
between the printer controller 121 and the printer engine 122 is one that
i s dependent basiaddvyernid hEagy i1 eim@lahentect ure, not one that is
specified. Referring nowto FIG 2, there is illustrated, 5 in block
di agram form an arr akceeedingftehe fhnge aspeetspfigthai préemenhe printer
controller. The image processing unit coqgééses a col or conversion section
21, a UCR (undekneiioron el sedieonided an hbhdgenerpeesesry ngetkedi on
23, and a snoothing section 24. 10 First, the color conversion section 21
t ransf or m® i nputf DI WDV HAPYH T Bhl YRl pitage cdntd st Whiflbits of
data, for exanple, RGB color signals standard with color nonitors of 8 bits
t

for each col or, §3fib REMELSPbHENS QUdhtRUET T tHREPriPERIOUSPUR G and B
15 i ndi cat d, d. bl ue, tively, ., _Mand Y ipdjcat
cvan mmgenta sy TaRel FRAE a4 ER S e At e e thEDSe o il e
bl ack t h i f Lor d
Final 1y tranet ortl thime ot Ehbk o5 LRI ERRE kb S¥eth HRRRiTRe®d

nal Tt oNle pr oCes s Sefdi 23 POUtOITE: i | ¥ eLoss T o6y A1 Lshhene

process on each ¢ conponent and transtorns onepl xe dat a

nul tilevelg i mage; gate o 1% Bewdml g4 @%Q&Mr&igﬂ@%i@ﬂf&é‘l Wi g4y each
col or conponent i s represented by hJ%hA> N ? 1) bits, for exanple, 3 bits,

to conformto the PridHdprsdadd lddy Plodleiny | dd€rpdeternd Joéddd 2092 -

13 The snpoot hing section 24 interpol ates edge portions for each col or

conponent to redusecinckdre sT@asls | ook | bigsut M £ Bl h@Wsihige hasdapr e
configuration of the 5 printer engine 122, which is equipped wth a

controller 31. Iwhemssipondge: tmulticlendl idevet digfes Jah apobc8sbing for each
color the controller drives four ink jet heads _ 32, 33, 34 and 35
correspondi ng t ;custarchamgerien thd | owutarmh bt dbkvel ebpegeidaty, isnim a
controlled manner. 10 Further, the controller drives a head noving

mechani sth536 t hatande oo™ HeedidistBhigh 30ne 1eveEs, avke barRes nof héot
direction of rotation axis of a ratating drum a paper feeding notor 37

that feeds printRHg-PaberPISHIRA roX atRhPUrRING B Hr b YDt ot ™38 tFat2 dr i ves
W than ol ect ARG ATITRri R (T CHRTT- 1R ES MM | hhE nb Baber
wound around the,(AtAING dkiBe TGP INEE £N0LS 182 180 Enl s Bp8YL ded
It is another object of the present invention to
20 provide an image processing device which, in a range
of low tone levels in which stripes and density
nonuniformity are relatively difficult to be noticed,
maintains the substantial resolution by reproducing
dots of the same size for image data of the same level
25 and, in a range from medium to high tone levels,

reduces density nonuniformity by reproducing dots of

multiple sizes for image data of the same level, and



20 a head-nounted device which has the heads 32 to 35 nounted ingRigtg aipeng
the direction of the axis of rotation of the rotating drum and which is
_moved and back by the head noving nechanism w nds printing paper fed by

t he paper feeding notor 37 around the rotating 25 drum
electrification-fixes the paper to the drum rotates the rotating drum by
the drumnotor 38, drives the ink jet heads 32 to 35 on the basis of data
to be ~ 2 OCT 2ppZ - 14 printed, and €riVes-the head-nounted device by

t he head novi ng mechanism 36. In this sequence of operations, when the
rotating drum nakes one rotation, each of the ink jet heads 32 to 35 is
shifted by hal f molreovel 3sneazlye tepdaiplemwnd .t hen driven on the basis of
data to be printed. Wien the rotating drum nmakes two rotations, printing
onto a sheet of papercdoardimat e alHecqndcathige ajf dite pPredemy to be nade
at twice the resolution corresponding to the spacing between each 10 ink
nozzl e in the indkveetibeadshe2et ds3provhiceduract iiomgef privedsdiftpriavg.ce
section 23, which forns the main part of the present invention, will be
descri bed in teconpsisingexanplaradl itynedr conyansggn rmaktliesalagedatege dat a
of 8 bits and 256 tone levels 15 (0: white, 255: black) into a nultivalued
i mge dat@ of 3tRi recgiyesinpHs madalidevel dadlgecsladr (@ whHiahe earh bl ack)
t hrough a pseudo-hal ftoning process. Wen the printer 12 has the ability to
mani pul ate an i Racf®LlhSPREdSEshrts Mo idst 2% dateadPic SBWVeRHA DG thal f t one
process can provide nultivalu?d.ina data of, 3 bits faor each color. Using

seven dot sizes &P QHERYS Furltidey magerdatay in, Wl e R ones

can be reproduced_ w.thin _qgn i.xel f.or, each color. In general, the dot
8%aﬁd% ot

si zes are_adjusF@&sﬁéﬁgr afld>f P edc @ 0 25 oF 5SS density
characteristic ﬁ%@iﬁ%ﬁ&%@'&%ﬁt Z%?w@%é']%gm ;tgx‘%fel’%lﬁgl@@étet‘ﬁ Ofe 3hading,

i.e., at the 7 l'eve ecomes such a cir y covers squar e 2 2

OCT 200Z3p 15 piwieliidebinedaby Whe o 830lUtd oy e0fs IRe m¥ditte e £hgigie 122 as
shown. The basic algorithmfor the nmultilevel "error diffusion process

perforned by theohal 1eQB1RY §6GLticBAng Hats lfdie sdaetiRRd yoakaw oM iy
reference to FIG 5. In the multilevel error diffusion process, an inage

si gnal correct oihél cafderaionnkub lieka e rs ugeali nDicdd ety 1476 dfeweles and an
i mge correction signal Ecd together to obtain a corrected inage signa

Dinc. 10 The coinpatedulrdigevelgialage @datas taheh mydpileddlo exrdh6- val ued
data to N-val ued data conversion table, for exanple, a 256-valued data to
8-val ued dat a cdi¥éusiion pabkes42meansr dvird@earf cdmialqued mulagd esiegnal Dout .
In the conversion table, seven thresholds are set for 15 input nultival ued
dat a havilAg sha@&soirndaffasgdenobroces s255 1inge réwediceqver sildnc tradflashe seven
thresholds input nultivalued data s |larger or smaller than, the input data
i s converted toS&lgRtedabyedhensyd teRiag meansatge COPVELthtdfyh-P1itThe

conversion table may be_2Q_i npl.enented by I qQgic or a nmory such as ROM or
RAM The di f1er GREBELBEMEETEIRG CBROECEEHA HE5E S Al ED ORIt he

ei ght -val ued i ma si.gnal, (narnmal,j zed in the range of 0 through 255) is
cal cul ated by aﬁggFf& V@&Ié@ﬁ&?oﬁaié'to provi de an error signal Er. This 25

error signal Er is tE%Di@“@%d%ﬂé¥iJﬂﬁé%eMﬁéﬂEﬁéig?géaht invention to
20 provide an image formation device which, in a range
of low tone levels in which stripes and density
nonuniformity are relatively difficult to be noticed,
maintains the substantial resolution by reproducing
dots of the same size for image data of the same level
25 and, in a range from medium to high tone levels,
reduces density nonuniformity by reproducing dots of

multiple sizes for image data of the same level, and



cal cul ator 44 by weighting factors froma weighting factor nenngg ARt 02
obtain a weighted error signal Erh. 2 2 OCT 2002 - 16 The sy %I *

_depi cted in the weighting factor menory 45 indicates the position of a

pi xel-.of interest. Here, four pixels around the pixel of interest are the
subj ect of processing. The generally known assignnent 5 of the weighting
factors A, B, Cand D for those four pixels in the weighting factor nenory
45 is such that A= 7/16, B = 3/16, C=5/18, and D = 1/16 as shown in FIG
6A. To increase the uniformty of dot distribution, such an assignnent as
shown in FIG 6B is 10 al so generally known. The wei ghted error signal Erh
fromthe wei ght sdreover dal ealsat dio 4splemeodunul ated in the correspondi ng

| ocation in an error menory 46 that stores the weighted error signal for
one line. That is, |Addegddmprtal® rdriordy aect iofitde geredentpositi on of a
focussed pixel and weighted errors EA, .EB, EC and ED are stored for the
four pixels arodayenfidonoctbege disx@roviyeadepaatimeager o rahdi tdrodenficaene

i nput image signal Din and the _corresponding image correction 20 signal Ecd
stored in the eCOBPrisApLy 26 PBRrEHd tiynade congieqs icay tedrles sprngme ek
conversion of the corrected inag%mi%%nal Dinc into, an ei ght-val ued i mage

signal by°the c&NECSEING: 4BPE L VSt WR9FedatRadd Whgedl 935 one
BTyt ng such abHiEL FEVRLSEs: OF B FRES G Hascedol FarvatiRg ey er

Bt fust on procednieg PUtByR LIt erd) Sl dI%a0HE Wb ch, #4TR Bidinge
e and the shSPRSLaER. BT MIHHEETLE dAReE, B Sttt Whlee™l T Re's &
patch image, ispdRiher giir?edeRt Lhnive AdiRreTteds o 1R idhad igigRyd S made

froma substantially uniformdot pattern. This is because the bilevel error

di ffusi onopr ocemuizlill@ve1aAmayiePdlatiaMBGe at @ bl FridRd rdadmnt (PN ons of
bl ack and white dots, whereas the 10 nmultilevel error diffusion process

al l ows the shadesnef 1gkalshebwitrhinacheams Warl &cledid vieake swidemvey
when a certain shade in a patch inage is processed, the dots are fornmed so
t hat the spati atther equercgion kepilels dorwislke dme conviessitconef era s 15
corresponding to the nearby density. Such a multilevel error diffusion
process is the dpputrumuiltnéevepr doage diatappmeddh llevelt e ricdeali ffusitamg
systemw th no problemof printing accuracy. In many cases, however, a
probl em | i es us@iPrgsenmepas2foraperifioaminige a Ak ltddeved &raoubj ect to
variations. In the presence of such variations, the nultilevel error

di f f usi oh>pr oce8d fFFPELORRRECGERSI 11F 1RGN e Somvey sded Wablessegligssador e

noticeable. In printers that .represent tones by area . ,
%y tE’le sw;LtcE'\:Lngpmeans to conve%t t%e M-bit input

multilevel image data ihto the N-bit output multilevel
image data; and printing means for printing according
to the N bits image data.

20 Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from the description, or may
be learned by practice of the invention. The objects
and advantages of the invention may be realized and

25 obtained by means of the instrumentalities and

combinations particularly pointed out hereinafter.



25 nodul ation, the density nonuniformty is not visually recognized %gu%hhy
for each tone range. The experinen tal results show that the degr23 ¢
~which .the density ~ 2 OCT 20~~ - is nonuniformty is noticeable has such
a tendency as indicated by a solid curve gl in FIG 7. As can be seen, the
density nonuniformty and lines are nost noticeable in the nmediumto high
shade range. 5 Thus, there is no need of making corrections in all the tone
ranges. In the low tone range of 0 to 30% ®he-nmultilevel error diffusion
process is performed w thout nodification. In the nmediumto high tone range
in which density nonuniformty and stripes 10 are nost noticeable, on the
ot her hand, the pBRIBFNDESCRUPCHIONODE THEESIEVERACh&IEEES, OF0 THIADRAWING
substantial resolution is reduced. This procedure | essens the influence of
densi ty nonuni f or m t yTlhsedastompesy asgi ddawahes, byhactHoaredinoobypogdted Fl G
7 but inproves 15 the overall inmage quality relatively. Incidentally, a
boundary betweenima dmiv ¢amet 1tange anplhat nefli tihe ospachf jbat dboe, r Abljests a
rel ative one, not a substantially clearly distinguishable one. This is
because t he rangeatwepregentl vrpogt¢need t enleod Bpentdsicof ohheanneénbeon,
achieved with its resolution kept depends upon the degree of printing
accuracy and ki mRd dfogsther withdehe i genexab deecnrirthes appedbashovan
solve a problemwith recent ink_ jet printers that the reproduction of tones
in highlights i s2RAckhe ideeribed MesCHinkboR @f sheiprefarradgeneadiof the
hal ftoni ng section 23 for i Ienentiqg t he above ggproach.,The Ealft?ning
section performE"¢hes 91ven WOOServ® tenf¥pladR| tRerBFIRFEPLER of :
process and its géraqﬂﬁnent remai ns basically unchanged fromthat of FIG 5
except in the provf stOFEdfi9%ve 256- to 8-val ue conversion tables 51, 52,
53, 54, and 55 and a syitc ; legtively_in ] rrected
image signal Dinc to %ﬁ%'o? ?%eggggéggsééégfg |§§ glg%%sg5gH§ﬁégﬁﬁ§gshgld
settings i the V, i t o 55 are as follows: The conversion
table 51 d;s thrtglg désé%{el% %ﬁ}c tﬁ%’%’Thl = 18, Th2 = 38, Th3 = 59, 10 Th4

= 80, ThS = 116, Th6 F1d69% p8da THYock 249aglif 89“¥§r§h95etngée§§iH§5
threshold settings of Thl = 18, Th2 = 46, %h3 = 75, Th4 = 104, Th5 =7140,

Th6 = 185, and Tddctids3in Tiee _Cliﬁfli/@iéi- OFohePbE1ES hasthlreshetd settings of
Thl = 18, Th2 = 54, Th3 = 91, 4 = 128, 15 Th5 = 164, Th6 = 201, and Th7 =
237. The conver sémfivod e 64 has threshold settings of Thl = 18, Th2 = 62,
Th3 = 107, Th4 = 152, Th5 = 188, Th6 = 217, and Th7 = 241. The conversi on
tabl e 55 has thresholBHIGet3i hgsaobldbk didgramh@f=tHO, pfhBterl@8gifibk4in
176, 20 Th5 = 212, Th6 = 233, and Th7 = 245. In the conversion tables 51 to
55, the tHresholthadhfifsr edredinénty; a corrected i nage signal Dinc in the

| ow tone range to O and 1 is set to 18 for all the tables. The threshol ds
Th2, Th3, Th4, ThS, THES- ahdsbewThimagetdebnyéresafesr geadagiPriigénsthhal
Dinc in the nediumto high shade range'to 1, 2, 3, 4, 5, 6, or 7 are set to

i ncrease in t hatfbrifereMPELRRBE t he

FIG. 5 is a diagram for use in explanation of

a basic algorithm for multilevel error diffusion used
20 in the halftone processing section in the first
embodiment;

FIGS. 6A and 6B show examples of error diffusion
coefficients to be stored in the weight coefficient
storage section used in the multilevel error diffusion

25 processing of FIG. 5;
FIG. 7 is a graphical representation of the

degrees of influence of density nonuniformity and



2 2 OCT 2002 - 20 conversion tables. The difference between correspondi ng
threshol ds in successive conversion tables is set to 8 for Th2, 16 fe% iﬁf,
24 faor.Th4, 24 for Th5, 16 for Th6, and 4 for Th7. The differenc 29
"maxi mum at 5 Th4 and Th5. Thus, the conversion tables 51 to 55 produce the
sanme output for a corrected image signal Dinc in the . |ow tone range but
provide different outputs for a corrected inage signal in the nmediumor
hi gh tone 10 range. For exanple, when an-input <corrected i mage signal Dinc
is 20, any of the conversion tables 51 to 55 provides an output value of 1.
When an input signal Dinc is 130, the conversion table 51 provides an
out put 15 val ue ©f] ine tdif HRANMRIEP VI e HFsfdmVviklesown eytpighyval ue of
4, the conversion table 53 provides an out put value of 4, the conversion
tabl e 54 provi dekegradadipd radiensf 3, and the conversion table 55
provi des an output value of 3. If, when an input corrected i nage 20 signal
D nc having a tone atriEGl] evels cd HBéck sd Eadesredi 11 et catyey saospeéabifiec51 i s
selected, then printing is nade at a dot size of the 5 level shown in FIG
4. 1f, at that tanmngewersomfertdicoorhalsfiiand porcdsdsing sstettien, in higre
printing is made at a dot size of the 4 level 25 shown in FIG 4. If the
conver si o t abl i35 oremB®dignendiect ed, then printing is made at a dot size
of the 3 level shown in FIG 4. Z 2 OCT 2002 - 21 That is, printing can
be made at a differe®IGot? sThansicperRfdp bh ohi 2 mettihevebnterasbalt abl es
is selected for an input corrected i mage signal Dinc. This increases the
types of dot patdRVRrSiemppde i fheov HeP d R TN formity and
stripes to be reduced._It is ideal for the conversion tabl s,fl to 55 to
have their respective 1% eShotRRWS ANLERSE a3 %s‘i’fyan%‘ﬁﬁﬁ’r YAt tH°and
stripes beconme difficult to notice. .10 Wth the, error .diffusion process,
however, since é?'?qar}ptﬁorbvcﬁrrse]ﬁned:al%egel%itg?}ealF’Ef%%,e@?/% W i nputting a
shade pat,ch at a sha ev. 0,, Js subj d itkopn and
subtract ilgn for erro%eIc(%)'r rlgictél)%%v?éiﬁtjtgjke%p%&\g/% u%’rt%{]ﬁfel? %%a% 130. The
difference bet wegf Lic ey A Rited M AR, AtbIdeLd R £opdect ed | mage
signal is calculated'ln,t e error calculator 43. In the error cal cul at or
since the differggshaingeen the input corrected inage signal and the
out put i mage signal subjected to equal normalization of the shade 20 range
of 0 through 255 to semem. | ©elsnd s128 shibat &6, e 2P & 06 £ Val el £ 0l evde Lot
outputted actually is diffused through unprocessed pixels and accumnul at ed.
Thus, when the itypdetedr reeaived dimagecabgnain @& nvedendiremivedienesngnaE i n t he
| ow tone range in which

15 the present invention;

FIG. 13 shows a switching means and multilevel-to-
octal conversion tableg in a fourth embodiment of the
present invention;

FIG. 14 shows a modification of the fourth

20 embodiment of the present invention; and

FIG. 15 shows an example of printing by a
conventional line recording head.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the preferred embodiments of the

25 present invention will be described with reference to
the drawings.

This embodiment will be described in terms of



25 density nonuniformty and stripes are relatively difficult to notigﬁ,
the sane output is obtained fromany of the conversion tables 82 8el 2
_having the sane 2 2 OCT 2002 - 22 value for threshold Thl, allow ng the
substantial resolution to be maintained. For an input corrected i nage
signal Dinc in the mddle or high tone range in which density nonuniformty
and stripes are noticeable, 5 a selection is nmade randonly anong the
conversion tables 51 to 55 by neans of thei1aw tching neans 56 to thereby
vary its output value. This can change the size of dots printed by the ink
jet head to increase the nunber of dot patterns that appear on printing 10
paper and henceahedpge idaRsbhy ofoRUR figlagel ¥ oFR@ tSloh BRS/ide rdd tdddbr
since it is only required to provide five conversion tables having
different threshakdgetoprifiee.signals in the mediumto high tone range and
a switching neans for making randomy a 15 selection fromthese table, the
construction is sinpli@iasd Eambdddnmesadi |y i npl enented using a nultilevel
error scattering technique. The switch nmeans 56 may be changed over peri odi
cally using a sinpl eFdcuntleisor thedk lkke.adgnant Hild usstsm t i2% ddperaditngreon t he
error diffusion algorithm the randommess of dot appearance takes effect,
provi di ng5t he shaydwdventagddgugakiion.t hd dwistcleompater 4 lchaegethidger in a
random manner. The construction in that case becomes nore sinpler. 25 For
col or i mages, aft® Aa§elPy f8Kmd@tuPraAgtesurd 2c6rdrri AR e datec yidnWwhigh
(magenta), Y (yellow),, and K (bl ack) ﬁjeqted fromthe ink jet heads 32 to
35, 2 2 OET 20p2 Pizsl reygdétevelyM P tiss ofn St arhattonfe SEECEd —of
density nonuniforgity apd stripes on the_human vi sual systemyvaries with
CoTore o eRaTLy BRS, RESEnFamBRERt: i o anbirs CRbte Pty faskefons 1ty

nonuni formty and 5 stripes on the _h n visual ,system vari in e order
M G and Y 9553 ARPMG RF AZENETotAgndes e, PRI oFe CORMTOISS foint od | n
bl ack ink.is the_easiest .to notic densi nonuni_f or m.ty .and ri pes. An
i mge pr&%ted iﬁfygﬁﬁoﬁxﬁﬁﬁefsﬁkhgoﬁggtc i%%@c& PFaf%§§}St1%£h§§;of the 10

nost suitabl e mi#&le&?}é@le €Lr ?hg?b&‘é‘gﬁ%‘}ﬁ p&)‘l}c.et%% ‘_Erine‘t%‘ih 190! @l | ows for

t he production of an 1 nage o uality in ich density nonuniformty

and stripes arephedyeedcoliko®1@amie1 e il GChrankledClengt®ge 19i9na 15
Dinc to the nmultilevel error diffusion process, the conversion tables 51 to

55 are used whi ghchaveosueh mhnhashkqQl d settings as shown in FIG 9. For a
yel | ow i mage signal Dinc, conversion tables 511 to 551 are used which have
such threshol d settimge 2Riateshe@antrolilea 120 dxpdnts ewuet Sindyd abl es

511 to 551, the threshold Thl for converting a corrected i mage signal Dinc
in the | 8% shaddatangéotroeflanpleé,i 8 pealget dekdriiptiahl liheuagtel esichllaes
threshol ds Th2, Th3, Th4, Th5, Th6, and 25 Th7 that convert a corrected
i mge signal D RPL)nfrhe fbei bostockmputeiradé rtangebtids map, pRriprms, 6, or
7 are set to increase in that order in each of the .
image processing on it, and then stores it into a
built-in page memory. The printer engine 122 converts
bit-mapped image data from the printer controller 121
20 to drive signals, which, in turn, feed printing paper
and drive the color ink jet head for printing an image
onto the paper.
It is not necessarily required that the printer 12
have a one-to-one correspondence with the host computer
25 11. The printer may be used with the currently wide-

spread network as a networked printer. In this case,

a one-to-many relationship results. The interface



2 2 OCT 2002 - 24 conversion tables. The difference between c&z@gﬁom?r ng
threshol ds in successive conversion tables is set to 4 for Th2, 8 for Th3,
12 for: Th4, 12 for Th5, 8 for Th6, and 2 for Th7. The difference i s maxi mum
at Th4-5 and Th5. The difference for each threshold is half of the
corresponding difference in FIG 9. In the conversion tables 511 to 551,

t he maxi mum of differences between corresponding thresholds is 48, the

di fference between the conversion tables- 5112 and 551 for 10 thresholds Th4
and Th5. This is half the difference between the conversion tables 51 and
55 for thresholds Th4 and Th5, which is the nmaxi mum of differences between
correspondi ng t lyashdisHa gria o s st 181 Tawb| €51 Send oc 156 showeern FIG 9.
The thresholds Th2, 15 Th3, Th4, Th5, Th6 and Th7 in the conversion table
511 are set |argargidwnZbhds ork thek dhSdepditdenmtd Jawicakbpestiviedy, in
the conversion table 51 in FIG 9. To performthe nultilevel error

di ffusion proceswinter ayarhistettumpganita omagehst gisl speacf iednver si on 20
tabl es 512, 522, 532, 542 and 552 are used which have threshol d settings
shown in FIG 11. |n Réfeerxmimersdwnte abl@s 5l2ther&s5Ls thbushrasadl d Thi
for converting a corrected inmage signal Dinc in the | ow shade range to O or
1 is set to 18 figy klbrck Whiagyambfiayn, Be atrasdrnelst TR, tih3inggel, Ths,
Th6, and Th7 that convert a corrected i mage signal Dinc in the nediumto

hi gh shade rang®iasessing ainig i the grinter rontal e -The imggeset to
increase in that order in each of the conversion tables. The difference

bet ween cor r esp@FRGRF T 1% Kol I LIPS SR Vo RRA S o et 1R set it o
6 for Th2, 12 for Th3,,6 18 for Th4, 18 for. Th5, 12 5 r Th6 nd 3 for Th7.
The difference i% q@i(ﬁﬁ}ﬂeﬁ Gﬁ?ﬁ’%rﬁ?%‘éa.lHtﬁéﬁ*q%r%‘ﬁtea%%ﬁ?%%%ect to

0" T S DA T WA AL O, °
bet veen 19 £or ssandl N6 OO i T R AL S rcebeliees Lise
threshol ds Th2, -3, Ti*?n‘hgeﬂa%ta”}tg: %}Pi{ﬁ7o¢]&|§dlﬁ€ef0ét1¥rg£%9§ SRk e, ple are

each set to between the corresponding thresholds in conversion table
51 of FIG 9 angd %%ﬂ%ﬁ!&&ﬁ@t& 2’8 ddndd Gidith1d N €ORNSF 1 oL

mul tilevel corrected inmage signal” Dinc to an eight-1evel output inmage

si gnal through tdwdrllnddeds i O plidd usdOneduwcassobasetkOncmul til evel
20 to eight-level conversion tables, for a black imge in which density

nonuni form ty arsbniddrigues aldaptdd ciablhd her friteer conyversj op dwdles 51 to
55 shown in FIG 9 are used and switched at random by the switch neans 56.
Ther eby, 1&l t houghhdimea tsubstdntdraden esoidithlore becasmsc 2ive byerwheteds v@, t o
ot her col or inmages, density nonuniformty and stripes are significantly
reduced conpared! tand He igtdigatelawan nagggenta ,z gnaOyebbo®, - 26 For a

yel low i mage in which density nonuniformty and stripes are difficult to be
noticed, the fiwespectively.

Next, the UCR section 22 extracts a black

component from the CMY colors, determines after CMY

20 colors, and finally transforms them into CMYK colors
where K indicates black. The halftone processing
section 23 performs a multilevel error diffusion
process on each color component and transforms one-
pixel data into multilevel image data with a smaller

25 number of gradations in which each color component is
represented by N (M > N 2 1) bits, for example, 3 bits,

to conform to the printing capability of the printer 12.



conversion tables 511 to 551 shown in FIG 10 are used and sw fched at
random by the switching neans 56, 5 thereby keeping the substa € 80T 2002
resol ution higher relative to other color inmages. For a cyan and a nagenta
i mage,~the five conversion tables 512 to 552 shown in FIG 11 are used. In
this manner, for color imges as well, density 10 nonuniformty and stripes
can be reduced and noreover the reduction in substantial resolution can be
mnimzed to increase printing quality. Al ti®ough the first enbodi nent has
been described as using five nultilevel to eight-Ilevel conversion 15
tabl es, the nunber of conversion tables is illustrative and not
restrictive. [ Semandnndxding Hdctiie, 2 aniterpETdesk nedge Wit henslessr i bed
whi ch reduces density nonuniformty and stripes in color 20 inages.
Al t hough the fi redclerduddnmeydmgmeiteaio desduddeghdistamgsifiooeh mldgdéddvel to
ei ght-1evel conversion tables for each of color inages {a black imge, a
yel | ow i mage, ardimescyan and a magenta i nmage) and varying their threshold
settings with the color 25 imges, in the second enbodi nent the nunber of
conversion tabl es usellGs Thamyesl oz cralfdigatre cohbigunagben of 2tRe OCT 2002
27 For a black image in which density nonuniformity and stripes are
easy to bé noti qutinter iengine fi2at Wi Ferrquipred iwitk onveontinel el es
51 to 55 shown in FIG 9 are used and switched at randomor periodi 5 cally
by the switchingreads! SBSPRASE &R tHugH kel ek tam gl daes hitd duits
becones | ower relative to other col or images, density_nonuniform:t and

stripes are si g9y &M FHQFudde Saddr q’b dHeVes HeRue ot BF 1%

Lo be hoti ced. 351 b Mot SRR LS SRy 3 FHSeNSR 5 Lfs'egu!sf)
threshol s set - S Pharih B 'ncre%s Sy i R e R
164, Thé 3 201, e%w Ik?e37<:*orﬁ%ro]talheciygd}§ﬂéjs % e@tﬁwﬂ]ﬁ?%é’%&ﬁéﬁ

bet ween bl'ack an mages in ree to I ch dens

nonuni formty ang %}L&@%ﬁ.l@x«% NGid CrF@éH\/ﬁ%if}“&‘?%@%&é’ﬂf’ﬁéi Oa{h& &8 Bl 62

and 63 are used as shown 1n FIG 12B are swt random or

periodically by ittt ianss Yodaridnldti Vet £rrofadhidd ush@n, pr ocess.
The conversion table 61 has thresholds set such 25 that Thl = 18, Th2 36,

Th3 = 72, Th4 = adlQ@hpeth¥eediddy md¥or IBGhandf ddds -pﬁﬂxﬁtlﬂ@epa;péwewl on
table 62 has thresholds set such that Thl = 18, Th2 54, Th3 =
the rotating drum, a drum motor 38 that drives the
15 rotating drum into rotation, and a paper fixing
device 39 equipped with:. an electrifying roller for
electrification-fixing £he printing paper wound around
the rotating drum.
The printer engine 122, which is provided with
20 a head-mounted device which has the heads 32 to 35
mounted in line along the direction of the axis of
rotation of the rotating drum and which is moved and
back by the head moving mechanism, winds printing paper
fed by the paper feeding motor 37 around the rotating
25 drum, electrification-fixes the paper to the drum,

rotates the rotating drum by the drum motor 38, drives

the ink jet heads 32 to 35 on the basis of data to be



Z 2 OCR 2~2 - 28 Th4 = 128, Th5 = 164, Th6é = 201, and Th7 = 2372 d@e
conversion table 63 has thresholds set such that Thl = 18, Th2 = 73, fﬁg -
109, Th4 = 145, ThS5 = 181, Th6 = 217, and Th7 = 246. 5 By varying the
nunber of multilevel to eight-level conversion tables used according to a
bl ack i mage, a yellow inmge, a cyan inmage, or a nmagenta inmage in that
manner, density nonuniformty and stripes can be reduced in col or imges
and noreover a reduction in 10 substanti-al Y4sotution can be mnimzed to
increase printing quality. Al though the second enbodi nent has been

descri bed as using five conversion tables for a black i nage, one conversion
table for a yel |pminted)e, arehdditives tilbte cCloowdrsoontédbdesidorbp thanhaand a
magenta inmage, this is illustrative and not restrictive. [Third Enbodi nent]
In the second enbwdimepmeasstisie’b aboire, thhe seqbencefofooperstbons abl es
used i s changed according 20 to colors to be printed, while, in this

enbodi ment, the whaherheframbinrsidmn abdless useel vetaheon hrestbl df sebei ngs
of the 256-valued data to 8-valued data conversion table is changed
according to thelipgfiirt hpadswlacio of5ibk shbtted by obalfikthezizhks. 25 In
general, there are variations in the volune and direction of ejected ink
from each 3 nk nd¥3%L®fSRAFCINK 3nd Hhen dnbyen 8 ukkel Pakis cof hdakd to

t hensel ves al so Z ~r 0oC~ ~00~ 9 show variations in performance, due to
accuracy in maniPaRuAEedycHVRRT i the orRtapRArdEE \BRKST | BEQ FRAERFIARS ng

accuracy. Variations in printin%faccura y lead to the occurrﬁnce of density
t

nonuni formity arRF 5 &t FEEC i3 o FOOF TR SFOR: t abPE® used in
th ltil I i ffusj . t di to the d f
the occurrence o GEIR SoRIT PEFRTCY Srtd Gt% | Pt dte TO0Rt  Reng
accuracy. Ther eliye sl 0, TS dehd QTR A0 SN S BxE oLy £80! Lipn ¢ hat
stripe t hofi ce e. For | €, when

density nonuniformty an are n exanp

printing jgs made gt A8, AGEUWRAHOT itk ,j@iﬁb§&@n§i§rg%d§yj ation with respect

to a reference position, the nunber of” conversion tables 15 used is set to

three. On the other hand, £ \hedi Pk i O | Ol | Ba IBESH g 20eBEEYHASY , Ofnifnum in
standard deviation with respect to a reference position, the nunber of

conversion tabl esortee i ieein tpafi W Eye ashiesdh O AVEn PLEWErwOll be
conversion tables used 20 to the degree of printing accuracy in this
manner, a reprodiedcemibex iraltdom nyf can dxeamslhe eve dcodveht 115g t hiepurost
suitable for ink jet heads. O course, this can be perfornmed for each color
of a col or i magaulyivaiweddsmge Mashotl Hdiretand 25@ senei heeakd of 25
conversion tables used as shown in FIGS. 9 and 10 according to a degree of
printing dccurachl: Filritfer 255 blank) dinto tarmeshol vl ead| snage tdata

ei ght-1 evel . .
of 3 bits and 8 tone levels for each color (0: white,

7: black) through a pséudo—halftoning process.
When the printer 12 has the ability to manipulate
an image having 3 bits of data for each color, the
20 halftone process can provide multivalued image data of
3 bits for each color. Using seven dot sizes for each
pixel as shown in FIG. 4, a total of seven tones can be
reproduced within one pixel for each color. In general,
the dot sizes are adjusted beforehand for each color so
25 that a linear density characteristic can be obtained.
The dot at the maximum level of shading, i.e., at the 7

level becomes such a circle as fully covers a square



~ ,~ OCT 2002 - 30 tables are set such that, as shown in FIGS.22 007d2¥9,
an image of a maxi numresol ution not prominent in density nonuniformty and
Wwhite.stripes can be formed even by changing the threshold |evel difference
betweeh 5 the respective tables in accordance with the degree of the
printing accuracy. Needless to say, an inmage of a maxi mal resol ution not
remarkabl e in density nonuniformty and white stripes can be fornmed even in
a color image by changing a threshold | evell1dli fference 10 between the
tables in accordance with the degree of printing accuracy at each col or of
the color image. Thus, the nost suitable nultilevel error diffusion process
can be performed el %ﬂﬁie&&@d%mcﬁ%Mi&lt@ﬁlfhé Pefté¥eepgingi ng
accuracy to increase printing 15 quality. [Fourth Enbodi nent] Although the
first enbodi mnentlimsadestiowtescri bed as switching the five conversion tables
at random by neans of the sw tching nmeans 56 consisting of a change 20 over
switch, the fourth eﬁﬁb@ih&mﬁcuab@oaismmtﬁhtngheemuktibasééténgoof a

fi ve-r andom nunber generator 66 as shown in FIG 13 and a menory 67, such
as a RAM in whidH fusion anetesoroenitered by 7the 78aliuoning F8chioR been
set up. 25 The fourth enbodi nent is_arranged such that threshold data are
sequentially dowh dtideld He slasitihert hekdw twitk orpEeseee t 8®1 BEGY15t0 75 in
the nenory 67. Z ~ OCT 2002 - 31 Prior to the_conmmencenent of a

mul tilevel error diffiRithe prokebkevalchrednvat5Fenionl BESCEASthaMf orm of a
table as shown in FIG 9 or 10 are domnload into, each of the conversion

tables. 5 A corrdta% iR SYERCEI Nt &2 |§heﬂnﬁ"btt+|‘&a‘3%vx§b‘ﬂ’al% ei ght

bits A7 to AO on the add bus of th 67. A | f d
nunber gener at or? ’a%e‘flsq‘a?g%r?eeg’s‘%% tmaem”r‘g”hl” oohrEeotRt 1B o9 co

as to enable th q:errsltoon Lak galuﬁrgrzl t"ﬁe 4 Obrg?%é)e%l%}l%felﬁiw@lthough

(@]
five conversion éﬁ?es are use tabl e

t chi N h f
cleven addess B M0 YO BT 1l ad T MabBEL 88 e 0o, (50 2
menory 67 to be ﬂ%%f\fé‘&?ddaﬁ‘éa rt?&Q@Wﬂl@e@%@t?'éoﬁ@éf@f&ﬁdtéﬁﬁse pbgnal

Dinc to be converted into an output inhege signal consisting of three bits

D2 to DO. The faidrprarpadi 1enivd s gdid heo spid£ied cﬂ@@ﬁ'%bﬁvé?éﬂ@ﬁl from
t he random nunber generator 66 and the 20 conversion tables are set up in

the menory 67 sugdbls AMMWpdowld® 4 Bl el idd SRade asli/gns hgesuas t he
previ ously descri bed enbodi nents. The enbodi nents of the present invention
described so farlmltiw aensitgicronmabley seyemnchiseshpbds tardes@® feduced

t hrough the use of a sinple hardware inplenen tation using nultilevel to
smal | er - ddnber - ofRpuy ghu wimeskwddrda b | leaviong shades chi ng reage, ofhd cho

results
255. Depending on which of the seven thresholds input

multivalued data is larger or smaller than, the input
data is converted to eight-valued image data in a
range of 0 through 7. The conversion table may be

20 implemented by logic or a memory such as ROM or RAM.

The difference between the corrected image signal

Dinc and the eight-valued image signal (normalized in
the range of 0 through 255) is calculated by an error
calculator 43 to provide an error signal Er. This

25 error signal Er is then multiplied in a weighted error
calculator 44 by weighting factors from a weighting

factor memory 45 to obtain a weighted error signal Erh.



2 2 oc~ 2401 - 32 in a reduction in cost. If the random nunber gfgﬁrrag@?
66 is replaced with a counter 81 as shown in FIG 14, the conver t es
can be-switched periodically in a given order. 5 The enbodi nents of the
present invention have been described in terns of conversion of 8-bit inmage
data with 256 tone levels into 3-bit inmage data with eight tone |evels;
however, this is not restrictive. In a broader sense, the present invention
contenpl ates 10 conversion of input nult+ | ewel 4 mage data with each pi xel
acconpanied by Mbits into output nultilevel inmge data with each pixe
acconpanied by N bits (M>N? 1), i.e., a snaller tone nunber of shades,
through a nul ti Imeelsyeiboqr Ki fbpgsteadpiacess. welghke ndfbickere metiorgr

di ffusion schene need not be limted to those used in the previously

descri bed enbodi4seringlias te@ndhas pars igsisantdfila delfsigl toHnimferadtl | evel

error diffusion is satisfied. The enbodi nents have been described in terns
of 20 an appli catdren dourheiixebige armumat itdre geviele dfo icolarestnkajetthe
printers; however, this is not restrictive. The present invention can al so
be applied to nmswdclecme i Prgo@s it erBhe tgaverd L iy inews agFyprentt er s,
etc. Additional advantages and nodifications will 25 readily occur to those
skilled i & the &% thehaedpdtdna Hfaatarentio® i £ iand B dterthefects is not
limted to the specific details _and representative enbodi nents,

2 2 OCT
2002 - 33 showdO¥d PdeSdS Bed T &1 Iddsr farfior ReRGBUSA Tokh IRt i ons
may be made w thout departjng fromthe spirit_por sco of th ener al
i nventive concept s A&t i%fe@ "oy t‘hé@pﬁper?cje:d 5c)I)]aﬁ 'rnsargf’ﬁdD t’he]i)raléqatﬁ val ents.
Z 2 OCT 2002 - 3 CLAI . [ e .processi met hod for_converting
Cput mul U1 | evelb IRy HATE i Hhehi b Gt GAStel SR ST R NI 130 at a

into output nul gf-'ls%\é%.lbu'ttﬁ.at e 5SU.%%t %n' ré\s\r'gﬁigﬁllrfe%atchasoigﬁleolwncgjtr}?iﬁé. OgB N. M >

N? 1) bits of a“so 't he output evel 1 mage data ‘has” a snal | er

nunber of, 4t one | t ITRHE, nul tilevel image data through a
nultilevép erro?’&?#?ﬁ%$%ﬁ%ﬁ} og%ss and produci ng dot patterns according 10

to the tone levels ofpihe,oumidg Bt tdd @ﬁng% dﬂvﬂgn%;@%ﬁ?@d

mul tilevel error diffusion processing I's such

mul tilevel | mge 3@ dad dul s drange ifd FBIRR 1R 1H Ghd e dayudiididde
types of dot 15 patterns produced by the output nmultilevel inmage data are

| arger in nunberiddaidmase g eduead syt hiss idHad dadidd eded wathgeratnt a
isin arange of lowtone levels. 2. An inmage processing device conprising:
a plurality of eomeer siigmatlalfices axenridoteed tTha) receinvechenpatroml til evel

i mge data in which each pixel consists of Mbits of data for converting it
i nto out gét nul memoryl 46rage datlaceteshitble pashtpioxelbfcendiosussed Mikietls of
data, the conversion tables having different conversion threshold settings
for 25 nultil eva@nd rggahd®ch 05 or s dfge BRoBGeiduBR 48 fraxne fel s;

swi t chi ng neans for selecLiveky switchi'ng the i
xels around the focussed pixel.

the four pi
By repeating the addition of the input image

signal Din and the corresponding image correction

20 signal Ecd stored in the error memory 46 by the image
signal corrector 41 and the conversion of the corrected
image signal Dinc into an eight-valued image signal by
the conversion table 42, an eight-valued image signal
for one page of printing paper can be obtained.

25 Next, consider the case of applying such a

multilevel error diffusion process to a line ink jet

printer of poor printing accuracy. Usually, the error



T 2 OCT 2002 - 35 conversion tables for use in conversion of 1&& 0CHp2002
multilevel inmage data; and nultilevel error diffusion process neans for
_performng a nmultilevel error diffusion process using 5 the conversion

t abl es"sel ected by the switching nmeans to convert the Mbit input

mul tilevel inmage data into the N-bit output nultilevel image data. 3. The
i mage processing device according to claim2, wherein the sw tching neans
is operated at 10 random 4. The inmge protéssing device according to claim
2, wherein the switching neans is operated periodically. 5. An inage
formati on device conprising: 15 a plurality of conversion tables connected
to receive i npulififisidrvprocedygeedasaannaioeththachopbxekbngensiosss sof M
bits of data for converting it into output nmultilevel inage data in which
each pi xel constbat bheNaversgefophiaalt Hensbdbhyebsconesabkesn2@obraviagag

di fferent conversion threshold settings for multilevel inage data in a
range from nedi Bassébheghvesna regéps; ofwrechphag AeZAsandr thel epeicvely

swi tching the conversion tables for use in conversion of the input 25

nul tilevel imagéredeancyperrees| héghor WheRUdROAMBEECEBECReahd kEOr
perfornigﬁ a multilevel error diffusion process using ZZOCT1l~ - 36 the
conver si t abl 8sP3EFRCEBYIBY LHeUBHEPER AR ARBAItY01E80RVEFESERE M bit
input rmultilevel inage data into the N-hit output multileyel inage data,;
and printing ne%ngr}gFegr?ﬂ??ﬁglﬁc@agﬁiEﬁowoasgphsﬁﬁgtbﬁiiyiHﬁgggﬁgta. 6.

and pri nting medng®tores BB AGOPossARHSRESUERL ST gl oiE
moans 19 oper at S0CaRSFRRbom T neY) RAGA-For RREI BALARORcE BREor ding Lo 10
eans s oper ated-ef~ERabm . aEvi°ce a8 .

For mat 1 on' devi oot SEear e taceParniees ABEALEFLOPha00 K8 bE, denlle | MmO°

operated so tha%réﬁecéﬂﬂfﬁag§oﬁ8}???BES%E$aH@iﬁﬂiﬁé”dgﬁsﬁrQHEEEQslﬁhQ”t0

the inmage formati on device evel inmage data resulting from

conversi pn of inputiTevElLl 8¥Bbri HREEuERbA bPoBeE8NES1bL8MABILHANEG BiEGh
tone levels vary according to the printing accuracy. 9. The inage formation

devi ce accordi ngrip BOtwéehNbBackhghgi whibe sW behkthUWefi®ans i s operated at
random 10. The image formation device according to claim8, wherein the

switching neans is opewated, peheadacaklkyai’dSshadeThe ampgechorimalgeonsdevi ce
according to
processed, the dots are formed so that the spatial
frequency is kept high with one or two tone levels
15 corresponding to the nearby density.

Such a multilevel -error diffusion process is the
optimum tone reproductiﬁn approach for the ideal
printing system with no problem of printing accuracy.
In many cases, however, a problem lies usually in the

20 fact that the ink nozzles are subject to variations.
In the presence of such variations, the multilevel
error diffusion process will make density nonuniformity
and white stripes more noticeable.

In printers that represent tones by area

25 modulation, the density nonuniformity is not visually
recognized equally for each tone range. The experimen-

tal results show that the degree to which the density



claim5, wherein the nunber of the conversion table is changedgchgfqmng to
the printing accuracy so that ~ Z OCT 2002 - 37 the types of do
.patterns which can be produced onto printing paper in a printer by
multilevel inmage data resulting fromconversion of input nultilevel imge
data in a range fromnmediumto high tone |evels vary 5 according to the
printing accuracy. 12. The inmage formation device according to claim 11,
wherein the switching neans is operated-at ¥@andom 13. The image fornmation
device according to 10 claim 11, wherein the switching nmeans i s operated
periodically. 14. An image processing device conprising: a plurality of
conver si on t abl esomanifeeineicd vt A g ansi Medbipithaall dudievel tepdoficy n@ge data in
whi ch each 15 pixel consists of Mbits of data for converting It into

out put mul til evelndialadred nygex dadlaid cwhiechykaiah Fickel 7 conss séan abe N bit's
of data, the conversion tables having different conversion threshold
settings for nulsddreydihecleans itmgenintiaformity and ¥ines nede uneso 20 hi gh
tone | evels; switching means for selectively switching the conversion
tabl es for use PSRl m dthe mediputtmhigh adde oram9¢ mage data; and
mul tilevel error diffusion process neans for 25 performng a nultilevel
error diffusion proced usittpihe TR GDrPE I EENE FREF Rt EYNS he
switching neans to nvert the Mbit input |tilevel color imge data 2

2 OCT 2002 - 3810 @ld tf&¢ e TRIRR- mAR it toedidie imrrREe &k L 15. The
o operatod at | hai. £95 PEddiRie Srite s SR GRS iy to ol ai m
Format 1 on devi c@arirea Mrehpyy Mt a8 duadiin Bp R 1o
of Mbits of Barsior uids Mo T bty Eh A e £ 5 50 a
in whichjgach pixel nrdwirﬁitsidéfaﬂsihégi gﬁlsoghéj%@hef %ﬁ&,ﬂvﬁéiﬁkt}éﬂleﬁu

having different conversion thre settings for 15 nultilevel color
i mage data in awhaRde dJMapyliaimitsd dHatydPNesd aupds ¢ 15V d ki sghaeans for

sel ectively switching the

resolution is reduced. This procedure lessens the
influence of density nonuniformity and stripes as
indicated by a dotted curve g2 in FIG. 7 but improves

15 the overall image quality relatively. 1Incidentally,
a boundary between a low tone range and a medium or a
high tone range is a reiative one, not a substantially
clearly distinguishable one. This is because the
range over which an optimal tone reproduction can

20 be achieved with its resolution kept depends upon
the degree of printing accuracy and kinds of color.
In addition, the use of this approach can solve
a problem with recent ink jet printers that the
reproduction of tones in highlights is sacrificed.

25 FIG. 8 shows a specific arrangement of the

halftoning section 23 for implementing the above

approach. The halftoning section performs the



conversion tables for use in conversion of the input multilevel color inage
data; 20 nultilevel error diffusion process neans for perform@ GCT 2002

mul tilevel error diffusion process using the conversion tables sel ected by
"the switching neans to convert the Mbit input nultilevel color inmage data
into the N-bit output nmultilevel color inmage data; and 25 printing neans
for printing according to said N bits imge data. 18. The inage processing
devi ce according to ~Z OC ~ 2~4~ - 39 thaim 17, wherein the switching
nmeans i s operated at random 19. The image processing device according to
claim17, wherein the switching neans is operated 5 periodically. 20. The

i mage fornmati onmdeyitevatcordbAgdl ofeEabm procwBsr ehl the swrhafkenanreans
is operated so that the types of dot patterns which can be produced onto
the inmage formaténaigevbaeibyldyl théRuRGe@OEobm18hatBgE data FeeswbbpBg from
conversion of input multilevel color inmage data in a range fromnmediumto
hi gh tone | evel snvehy provisiong ¢H fheepebati g 8evaiaeycoRersheni nage
formati on device according to 15 claim 20, wherein the switching neans is
operated at rantapde251The2i nage $6rnandoh5dendce awtbedi A§ adapkeadm 20,
wherein the switching neans is operated periodically. 20 23. The image
formati orP devi cEC agebeethoely ENRRH the gpererhedhémpgabeigpplt Rénc to
conversion table is changed according to_the_ printing accuracy so that the
types of dot paPRer?s WhP cFORYRr BEOPr babies Bgtéopﬁﬁnting paper in a

rinter by multilevel color i 25 data resulting from gonversion of

Pnput nul?ilevel coIBPeiﬁﬁﬁﬁsgggg FﬁtEngﬁgéangﬁ1 BVERSE6ThEGR1EEna L

| evel s vary accprding to the | nting curacy. .y~ ~'c O- - 40 24.
The i mage forné??o%gd%ﬁ?c%sa£§%137§b tgﬁﬁlﬁ?ﬂ¥§§?léﬂe€8gﬁetﬁictﬁftching
means i s operat [ 0, 25. .Jhe, | formpti devige or dj to 5
cl ai m 23, ahgre?%rgé%ogﬁgt%%?p%u%%aﬁgégzgﬁbe?a?gd g@?iﬁd?§a|?§s fGEg%he

| mRge T of gl i Onyhlpul oo AceREdLngr § o ARy Oneedl gha! AR7S-19783 dfelo 25
wherein said i mage fornht[on deV|ce\|s an it nk'jét printer.

LAY, A5, A5, A3. Al Eoflib A5 Yo Yaile AD AnBis ABn Abs ASYa ABe £81 A98- 42 YrARQAYE, AsH. A
I.AH. Ay. AL. AL Af. As. Al . AsS. ALY. A A
Af 0. AL% AL% As9riis L= AB\®Drind % A Hgnbif) EE| vkt ari§ ca] eapcargaUkcabsal] ca] cRa
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa] ca] c&aU
JcalF 4 and Th7 = 233. The conversion table 53 has threshold

settings of Thl = 18, Th2 = 54, Th3 = 91, Th4 = 128,

15 Th5 = 164, Th6 = 201, and Th7 237. The conversion

]

table 54 has threshold settings of Thl = 18, Th2 = 62,

Th3 107, Th4 = 152, ThS = 188, Thé = 217, and
Th7 = 241. The conversion table 55 has threshold
settings of Thl = 18, Th2 = 70, Th3 = 123, Th4 = 176,
20 Th5 = 212, Thé = 233, and Th7 = 245.
In the conversion tables 51 to 55, the threshold
Thl for converting a corrected image signal Dinc in the
low tone range to 0 and 1 is set to 18 for all the
tables. The thresholds Th2, Th3, Th4, Th5, Thé, and
25 Th7 that convert a corrected image signal Dinc in the

medium to high shade range to 1, 2, 3, 4, 5, 6, or 7

are set to increase in that order in each of the
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That is, printing can be made at a different dot

size depending on which of the conversion tables is
selected for an input corrected image signal Dinc.
This increases the types of dot patterns to appear,

5 allowing density nonuniformity and stripes to be
reduced.

It is ideal for the conversion tables 51 to 55 to
have their respective thresholds set such that density
nonuniformity and stripes become difficult to notice.

10 With the error diffusion process, however, since an
input corrected image signal Dinc, even when inputting
a shade patch at a shade level of 130, is subjected to
addition and subtraction for error correction, it takes
a value other than 130. The difference between the

15 output image signal and the input corrected image
signal is calculated in/ the error calculator 43.
In the error calculatof, since the difference between
the input corrected image signal and the output image
signal subjected to equal normalization of the shade

20 range of 0 through 255 to seven levels is calculated,
an error value for a dot outputted actually is diffused
through unprocessed pixels and accumulated.

Thus, when the input corrected image signal Dinc
is an image signal in the low tone range in which

25 density nonuniformity and stripes are relatively
difficult to notice, the same output is obtained from

any of the conversion tables 51 to 55 having the same
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resolution to be maintained. For an input corrected
image signal Dinc in the middle or high tone range in
which density nonuniformity and stripes are noticeable,
5 a selection is made randomly among the conversion
tables 51 to 55 by means of the switching means 56 to
thereby vary its output value. This can change the
size of dots printed by the ink jet head to increase
the number of dot patterns that appear on printing
10 paper and hence reduce density nonuniformity and
stripes. In addition, since it is only required to
provide five conversion tables having different
thresholds for image signals in the medium to high tone
range and a switching means for making randomly a
15 selection from these table, the construction is simple
and can be readily implemented using a multilevel error
scattering technique.
The switch means 56 may be changed over periodi-
cally using a simple counter or the like. 1In this case,
20 depending on the error diffusion algorithm, the
randomness of dot appearance takes effect, providing
the same advantages as when the switch means is changed
over in a random manner. The construction in that case
becomes more simpler.
25 For color images, an image is formed using four

color inks of C (cyan), M (magenta), Y (yellow), and

K (black) ejected from the ink jet heads 32 to 35,
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respectively. It is known that the effect of density
nonuniformity and stripes on the human visual system
varies with colors. In general, with the same printing
accuracy, the effect of density nonuniformity and
5 stripes on the human visual system varies in the order
K, M, C, and Y, beginning with the strongest. That 1is,
an image printed in black ink is the easiest to notice
density nonuniformity and stripes; An image printed in
yellow ink is the most difficult. Thus, the use of the
10 most suitable multilevel error diffusion process for
each color allows for the production of an image of
higher gquality in which density nonuniformity and
stripes are reduced.
For example, to subject a black image signal
15 Dinc to the multilevel error diffusion process, the
conversion tables 51 to 55 are used which have such
threshold settings as shown in FIG. 9.
For a yellow image signal Dinc, conversion tables
511 to 551 are used which have such threshold settings
20 as shown in FIG. 10.
In the conversion tables 511 to 551, the threshold
Thl for converting a corrected image signal Dinc in the
low shade range to 0 or 1 is set to 18 for all the
tables. The thresholds Th2, Th3, Th4, Th5, Th6, and
25 Th7 that convert a corrected image signal Dinc in the
medium to high shade range to 1, 2, 3, 4, 5, 6, or 7

are set to increase in that order in each of the
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conversion tables. The difference between correspond-
ing thresholds in successive conversion tables is set
to 4 for Th2, 8 for Th3, 12 for Th4, 12 for Th5, 8 for
Thé, and 2 for Th7. The difference is maximum at Th4
5 and Th5. The difference for each threshold is half of
the corresponding difference in FIG. 9. 1In the conver-
sion tables 511 to 551, the maximum of differences
between corresponding thresholds is 48, the difference
between the conversion tables 511 and 551 for

10 thresholds Th4 and Th5. This is half the difference

between the conversion tables 51 and 55 for thresholds
Th4 and Th5, which is the maximum of differences
between corresponding thresholds in the conversion
tables 51 to 55 shown in FIG. 9. The thresholds Th2,

15 Th3, Th4, Th5, Thé and Th7 in the conversion table 511

are set larger than Th2, Th3, Th4, Th5, Thé and Th7,
respectively, in the cohversion table 51 in FIG. 9.

To perform the multilevel error diffusion process
on a cyan and a magenta image signal Dinc, conversion

20 tables 512, 522, 532, 542 and 552 are used which have

threshold settings shown in FIG. 11.

In the conversion tables 512 to 552, the threshold
Thl for converting a corrected image signal Dinc in the
low shade range to 0 or 1 is set to 18 for all the

25 tables. The thresholds Th2, Th3, Th4, Th5, Thé, and

Th7 that convert a corrected image signal Dinc in the

medium to high shade range to 1, 2, 3, 4, 5, 6, or 7
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ing thresholds in successive conversion tables is set
to 6 for Th2, 12 for Th3, 18 for Th4, 18 for Th5, 12
5 for Th6, and 3 for Th7. The difference is maximum at
Th4 and Th5. The difference with respect to each
threshold is midway between the corresponding
differences in FIGS. 9 and 10. 1In the conversion
tables 512 to 552, the maximum of differences between
10 corresponding thresholds is 72, the difference between
the conversion tables 512 and 552 with respect to
thresholds Th4 and Th5. The thresholds Th2, Th3, Th4,
Th5, Thé and Th7 in the conversion table 512 are each
set to between the corresponding thresholds in the
15 conversion table 51 of FIG. 9 and the conversion table
511 in FIG. 10.
In converting a multilevel corrected image signal
Dinc to an eight-level output image signal through the
multilevel error diffusion process based on multilevel
20 to eight-level conversion tables, for a black image in
which density nonuniformity and stripes are noticeable
the five conversion tables 51 to 55 shown in FIG. 9 are
used and switched at random by the switch means 56.
Thereby, although the substantial resolution becomes
25 lower relative to other color images, density

nonuniformity and stripes are significantly reduced

compared to the other color images.
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conversion tables 511 to 551 shown in FIG. 10 are used
and switched at random by the switching means 56,
5 thereby keeping the substantial resolution higher
relative to other color images. For a cyan and a
magenta image, the five conversion tables 512 to 552
shown in FIG. 11 are used.
In this manner, for color images as well, density
10 nonuniformity and stripes can be reduced and moreover
the reduction in substantial resolution can be
minimized to increase printing quality.
Although the first embodiment has been described
as using five multilevel to eight-level conversion
15 tables, the number of conversion tables is illustrative
and not restrictive.
[Second Embodiment]
Here, another embodiment will be described which
reduces density nonuniformity and stripes in color
20 images. Although the first embodiment has been
described using five multilevel to eight-level
conversion tables for each of color images (a black
image, a yellow image, and a cyan and a magenta image)
and varying their threshold settings with the color
25 images, in the second embodiment the number of

conversion tables used is changed according to color

images.
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For a black image in which density nonuniformity
and stripes are easy to be noticed, as in the first
embodiment, the five conversion tables 51 to 55 shown
in FIG. 9 are used and switched at random or periodi-

5 cally by the switching means 56. Thus, although the
substantial resolution becomes lower relative to other
color images, density nonuniformity and stripes are
significantly reduced compared to the other color
images.

10 For a yellow image in which density nonuniformity
and stripes are difficult to be noticed, a single
conversion table 60 as shown in FIG. 12A is used so
that the substantial resolution is increased. This
conversion table has thresholds set such that Thl = 18,

15 Th2 = 54, Th3 = 91, Th4 = 128, ThS5 = 164, Thé = 201,
and Th7 = 237.

For a cyan and a ﬁagenta image which is between
black and yellow images in the degree to which density
nonuniformity and stripes are noticeable, three

20 conversion tables 61, 62 and 63 are used as shown in
FIG. 12B, which are switched at random or periodically
by switching means 56 for multilevel error diffusion
process.

The conversion table 61 has thresholds set such

25 that Thl = 18, Th2 = 36, Th3 = 72, Th4 = 108, Th5 = 144,

216. The conversion table 62 has

Thé = 180, and Th7

thresholds set such that Thl = 18, Th2 = 54, Th3 = 91,
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Th4 = 128, Th5 = 164, Thé = 201, and Th7 = 237.

The conversion table 63 has thresholds set such that

Thl = 18, Th2 = 73, Th3 = 109, Th4 = 145, Th5 = 181,
Thé = 217, and Th7 = 246.
5 By varying the number of multilevel to eight-level

conversion tables used according to a black image,
a yellow image, a cyan image, or a magenta image in
that manner, density nonuniformity and stripes can be
reduced in color images and moreover a reduction in
10 substantial resolution can be minimized to increase
printing quality.
Although the second embodiment has been described
as using five conversion tables for a black image,
one conversion table for a yellow image, and three
15 conversion tables for a cyan and a magenta image, this
is illustrative and not restrictive.
[Third Embodimentf
In the second embodiment described above, the
number of conversion tables used is changed according
20 to colors to be printed, while, in this embodiment,
the number of conversion tables used or the threshold
settings of the 256-valued data to 8-valued data
conversion table is changed according to the printing
accuracy of ink ejected from ink nozzles.
25 In general, there are variations in the volume and
direction of ejected ink from each ink nozzle of an ink

jet head. Manufactured ink jet heads themselves also
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printing accuracy. Variations in printing accuracy
lead to the occurrence of density nonuniformity and
5 stripes.
Optimum number of conversion tables used in the
multilevel error diffusion process are set according to .
the degree of the occurrence of density nonuniformity
and stripes due to printing accuracy. Thereby, an
10 image is formed at such a maximum resolution that
density nonuniformity and stripes are not noticeable.
For example, when printing is made at an accuracy
of £5 um in standard deviation with respect to a
reference position, the number of conversion tables
15 used is set to three. On the other hand, when printing
is made at an accuracy of =10 um in standard deviation
with respect to a reference position, the number of
conversion tables used is set to five.
By adjusting the number of conversion tables used
20 to the degree of printing accuracy in this manner,
a reproduction of halftoning can be achieved which is
the most suitable for ink jet heads. Of course, this
can be performed for each color of a color image.
In this case, threshold parameters are set in each of
25 conversion tables used as shown in FIGS. 9 and 10

according to a degree of printing accuracy. Further,

the individual threshold levels on the eight-level
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tables are set such that, as shown in FIGS. 9 and 10,

an image of a maximum resolution not prominent in

density nonuniformity and white stripes can be formed

even by changing the threshold level difference between
5 the respective tables in accordance with the degree

of the printing accuracy. Needless to say, an image

of a maximal resolution not remarkable in density

nonuniformity and white stripes can be formed even in

a color image by changing a threshold level difference
10 between the tables in accordance with the degree of

printing accuracy at each color of the color image.

Thus, the most suitable multilevel error diffusion

process can be performed on ink jet heads according to

their respective printing accuracy to increase printing
15 quality.

[Fourth Embodiment]

Although the firs£ embodiment has been described
as switching the five conversion tables at random by
means of the switching means 56 consisting of a change-

20 over switch, the fourth embodiment uses a switching
means consisting of a five-random-number generator 66
as shown in FIG. 13 and a memory 67, such as a RAM, in
which five conversion tables 71, 72, 73, 74, and 75
have been set up.

25 The fourth embodiment is arranged such that
threshold data are sequentially downloaded from outside

into the conversion tables 71 to 75 in the memory 67.
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Prior to the commencement of a multilevel error

diffusion process, such conversion values in the form

of a table as shown in FIG. 9 or 10 are downloaded into

each of the conversion tables.

5 A corrected image signal Dinc is assigned to the
low-order eight bits A7 to A0 on the address bus of the
memory 67. A signal from the random number generator
66 is assigned to the high-order three bits Al0 to A8
so as to enable the conversion tables 71 to 75 to be

10 switched. Although five conversion tables are used
here, the use of three bits for table switching allows
for the setup of up to eight conversion tables.

The use of eleven address bits AlQ0 to A0 allows
the conversion tables 71 to 75 in the memory 67 to be

15 switched at random and an 8-bit corrected image signal
Dinc to be converted into an output image signal
consisting of three bité D2 to DO.

The fourth embodiment in which the switching means
is formed from the random number generator 66 and the

20 conversion tables are set up in the memory 67 such
as RAM will also provide the same advantages as the
previously described embodiments.

The embodiments of the present invention described
so far allow density nonuniformity and stripes to be

25 reduced through the use of a simple hardware implemen-

tation using multilevel to smaller-number-of-level

conversion tables and a switching means, which results
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If the random number generator 66 is replaced with
a counter 81 as shown in FIG. 14, the conversion tables
can be switched periodically in a given order.

5 The embodiments of the present invention have been
described in terms of conversion of 8-bit image data
with 256 tone levels into 3-bit image data with eight
tone levels; however, this is not restrictive. 1In a
broader sense, the present invention contemplates

10 conversion of input multilevel image data with each
pixel accompanied by M bits into output multilevel
image data with each pixel accompanied by N bits
(M >N = 1), i.e., a smaller tone number of shades,
through a multilevel error diffusion process.

15 The multilevel error diffusion scheme need not
be limited to those used in the previously described
embodiments as long as‘an essential definition of
multilevel error diffusion is satisfied.

The embodiments have been described in terms of

20 an application of the image formation device to color
ink jet printers; however, this is not restrictive.
The present invention can also be applied to monochrome
ink jet printers, thermal printers, LED printers, etc.

Additional advantages and modifications will

25 readily occur to those skilled in the art. Therefore,

the invention in its broader aspects is not limited to

the specific details and representative embodiments
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shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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CLAIMS
1. An image processing method for converting
input multilevel image data in which each pixel
consists of M bits of data into output multilevel image
5 data in which each pixel consists of N (M > N = 1)
bits of data so that the output multilevel image data
has a smaller number of tone levels than the input
multilevel image data through a multilevel error
diffusion process and producing dot patterns according
10 to the tone levels of the output multilevel image data,
wherein
the multilevel error diffusion processing is such
that, when the input multilevel image data is in a
range from medium to high tone levels, the types of dot
15 patterns produced by the output multilevel image data
are larger in number than those produced when the input
multilevel image data is in a range of low tone levels.
2. An image processing device comprising:
a plurality of conversion tables connected to
20 receive input multilevel image data in which each pixel
consists of M bits of data for converting it into
output multilevel image data in which each pixel
consists of N bits of data, the conversion tables
having different conversion threshold settings for
25 multilevel image data in a range from medium to high

tone levels;

switching means for selectively switching the



[10%& ()- /10%& ()-- 10%& ()-xY:/ 10TL 109%&' ()-1 109%& ()- 10%& ()-I 3
109&' () -3l 109& ()-$S10%& ()- 10TOedE:/ 10Tl ,,10%& ()- L*@0@& 00T R002
&&10%& () -F &&10%y & ()-s$S10%& ()-1 10% & ()-$%& dYNC 10T 10 10 10 @
109%& (y-1 "9 109& ()-s7 109%& ()-Y /109 ()-s. 10%& ()-'4; +9dEYNC 10T "L
10%' ()-F 109%& ()- '10%& ()-Y 109 ()- 109 ()-$yl0% ()-9p@EYNC 10T
F y&lp%&f()-‘$Y"10%&f()-F "109%' ()-3 y;ngéé)ﬂF'510%&f()'Y
10%& () - 3gdEYNC
conversion tables for use in conversion of the input
multilevel image data; and
multilevel error diffusion process means for
performing a multilevel error diffusion process using
5 the conversion tables selected by the switching means
to convert the M-bit input multilevel image data into
the N-bit output multilevel image data.
3. The image processing device according to
claim 2, wherein the switching means is operated at
10 random.
4., The image processing device according to
claim 2, wherein the switching means is operated
periodically.
5. An image formation device comprising:

15 a plurality of conversion tables connected to
receive input multilevel image data in which each pixel
consists of M bits of data for converting it into
output multilevel image data in which each pixel
consists of N bits of data, the conversion tables

20 having different conversion threshold settings for
multilevel image data in a range from medium to high
tone levels;

switching means for selectively switching the
conversion tables for use in conversion of the input

25 multilevel image data;

multilevel error diffusion process means for

performing a multilevel error diffusion process using
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the conversion tables selected by the switching means
to convert the M-bit input multilevel image data into
the N-bit output multilevel image data; and

printing means for printing according to said N

5 bits image data.

6. The image formation device according to
claim 5, wherein the switching means is operated at
random.

7. The image formation device according to

10 claim 5, wherein the switching means is operated
periodically.

8. The image formation device according to
claim 5, wherein the switching means is operated so
that the types of dot patterns which can be produced

15 onto the image formation device by multilevel image
data resulting from conversion of input multilevel
image data in a range from medium to high tone levels
vary according to the printing accuracy.

9. The image formation device according to

20 claim 8, wherein the switching means is operated at
random.

10. The image formation device according to
claim 8, wherein the switching means is operated
periodically.

25 11. The image formation device according to

claim 5, wherein the number of the conversion table

is changed according to the printing accuracy so that
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printing paper in a printer by multilevel image data

resulting from conversion of input multilevel image
data in a range from medium to high tone levels vary
5 according to the printing accuracy.
12. The image formation device according to
claim 11, wherein the switching means is operated at
random,
13. The image formation device according to
10 claim 11, wherein the switching means is operated
periodically.
14, An image processing device comprising:
a plurality of conversion tables connected to
receive input multilevel color image data in which each
15 pixel consists of M bits of data for converting it into
output multilevel color image data in which each pixel
consists of N bits of data, the conversion tables
having different conversion threshold settings for
multilevel color image data in a range from medium to
20 high tone levels;
switching means for selectively switching the
conversion tables for use in conversion of the input
multilevel color image data; and
multilevel error diffusion process means for
25 performing a multilevel error diffusion process using
the conversion tables selected by the switching means

to convert the M-bit input multilevel color image data
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15. The image processing device according to

claim 14, wherein the switching means is operated at

random.

5 16. The image processing device according to
claim 14, wherein the switching means is operated
periodically.

17. An image formation device comprising:
a plurality of conversion tables connected to

10 receive input multilevel color image data in which each
pixel consists of M bits of data for converting it into
output multilevel color image data in which each pixel
consists of N bits of data, the conversion tables
having different conversion threshold settings for

15 multilevel color image data in a range from medium to
high tone levels;

switching means for selectively switching the
conversion tables for use in conversion of the input
multilevel color image data;

20 multilevel error diffusion process means for
performing a multilevel error diffusion process using
the conversion tables selected by the switching means
to convert the M-bit input multilevel color image data
into the N-bit output multilevel color image data; and

25 printing means for printing according to said

N bits image data.

18. The image processing device according to
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claim 17, wherein the switching means is operated at
random.

19. The image processing device according to
claim 17, wherein the switching means is operated
periodically.

20. The image formation device according to
claim 17, wherein the switching means is operated so
that the types of dot patterns which can be produced
onto the image formation device by multilevel color
image data resulting from conversion of input
multilevel color image data in a range from medium
to high tone levels vary according to the printing
accuracy.

21. The image formation device according to
claim 20, wherein the switching means is operated at
random.

22. The image formation device according to
claim 20, wherein the switching means is operated
periodically.

23. The image formation device according to

aBYNC

claim 17, wherein the number of the conversion table is

changed according to the printing accuracy so that the

types of dot patterns which can be produced onto
printing paper in a printer by multilevel color image
data resulting from conversion of input multilevel
color image data in a range from medium to high tone

levels vary according to the printing accuracy.
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random.

25, The image formation device according to
5 claim 23, wherein the switching means is operated
periodically.
26. The image formation device according to any
one of claims 5 to 13, 17 to 25, wherein

said image formation device is an ink jet printer.



