TE;%Ef%F THE | NVENTI ON | MAGE PROCESSI NG METHOD AND DEVhéﬁ?%&Eiﬂéﬁ§%%y

F TI ON DEVI CE BACKGROUND OF T Lyre
5 The present invention relates to an i mge proc

nmet hod and device and an inmage formation devi ce whi ch convertg |nput
multilevel inmage data into multilevel inmage data with a snal lfer

nunber of tones through a nmultilevel error diffusion process. 10
Conventionally, with inmage formati on devi Ces;” stich as printers,

that use line heads such as |ine LED (light emtting diode) heads,
| ine thermal heads, and [ine ink %H%Hheads dots of the same size

are pginted fat a rgsFIutloﬁITﬁ%eQ E AN HENS used onto
t ' d
i ng o hunber  GMAGEReRoREsRENs BRGs alb Dy z”&maﬁ%‘%ﬁ%?%@ﬁglgﬁa )

resol ution correspon s to t he spaci ng between each LED in the
raster direction. Li kewise, with the line thermal heads having a

nunber 20 of heati ng resisgﬁ¥%&#ﬁﬁﬁﬁ;%Fa&hﬁngﬁgEhglaNhorlzonta

line, the resolution corresponds € Spaci ng be each

heating element in theg?ﬂ?%%%s@hEeﬁkbgﬂtlgﬁtPeigees to . an ﬁ%orllnkj(ﬂ

heads havi ng a nunber ranged in a | zontal |ine,

the resolution r(?ces%%geaa@a@a sadtasv:%@@caﬂ@ Qf?tﬁﬁ‘é‘db Rfthaes e in
raste In

the I rectl n these inmage formation
devi ces, charactergdy®@yhich converts input multllevel image data into

multilevel image data with a smaller number of tones
through a multilevel error diffusion process.

10 Conventionally, with image formation devices, such
aé printers, that use line heads such as line LED
(light emitting diode) heads, line thermal heads, and
line ink jet heads, dots of the same size are printed
at a resolution inherent in the head used onto

15 recording paper to form a bilevel image. With the
line LED heads having a number of LEDs arranged in
a horizontal line, the }esolution 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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- 2- : are sinply reproduced as bilevel inages with the

specified resolution of their heads, while photographic i mages are
reproduced t hrough the use of hal ftoning such as ordered dither

met hod or error diffusion nethod. 5 In the halftoning process in this
case, it is very difficult to nmake the mai ntenance of a high

resol ution and the reproduction of a gigh tone | evel s conpatibl e
with each other. In the ordered dither nmethod in parti cul ar,
resolution and tone levels conflict with 10 each ot her. A

| i ne head-based i mage formation devicg has, . .
whi ch can repr ese®feRdMpilyefreproduced g bilevs] YRGS VE

recently made its advent

& f{r&usi ng

mul ti-val ued i mage dat.%ﬁ&gego}gggpg})agl ﬁﬁéﬂ?h%%eﬁf ;wqtjﬂggeq?r{og'{%gvga{[p@i% one
di I ts, di i | 1] d 1] f
Gots recorded by CEdRodrs rapnedd-ed Epfoush Ené isg ot nal ARG ©

pi xel . 15

exanple of FIG

FI

1

&P

5

white. Arranging f%ﬁ?

al |l ows col Org
of cyan

n%fgio)x(:%lertgr%k?%ther meﬁhggeopge{'ﬁéﬁg%i’ $i%n i acc:helq(y.ng

reé such recording s in par

G IRl BRI, D S el ol ol

, an

three colors of CgyiMria#dtY+to make the maiRHERah&BOSE fOIHBGH rediaMitaen t hat

allow for the

25

recording of multilevel inage data performvarious

i mage processes, s e GRIpFHodaeRYBhSbeNa HNGRI €GO levels conipaiitdle (UCR)
and/ or gamma ([err]) correction, and then,

with each other. 1In the ordered dither method in

10

15

20

25

particular, resolution and tone levels conflict with

each other.

A line head-based image formation device has

recently made its advent which can represent one pixel

with a few tone levels by using multi-valued image data

and modulating the printing area within one pixel.

FIG. 15 shows a recording head having a number of

recording elements arranged in a horizontal line and

examples of dots recorded by the recording head 1. For

simplicity, in the example of FIG. 15, one pixel takes

one of three values, including white. Arranging four

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

recording of multilevel image data perform various

image processes, such as color conversion, undercolor

removal (UCR) and/or gamma (v ) correction, and then,
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- 3- in order to reproduce a specified nunber of tones

i nfierent in the printer engine that actually perforns | mage
printing operations, performnultilevel hal ft oni ng usi ng screen
angl e such as multilevel 5 dithering or nultilevel error diffusion
process, t hereby obtaining nultilevel inage data having several
bits for each pixel. And the devices effect gn | nprovenent in imge
reproduci bility by allow ng one pixel” to contain nore information
content. 10 In general, the ordered dither process is a

| i ght and fast pracess and can effgct cost saving, I n conparison
with the ditheringP 8%9€ket8: REPTAIRAE 2 specifigf numkar Bf f@edn et hod
i s conpl ex but superior quality.. The erraqr diff&§ion

met hod has been ﬁ§heren3298n§P9eP§igEgg PRIRR A Al RpTfeLms
tl | . d in LSI_technal.ogy. |
Lgﬁsncages, l'i ne ﬁggggs%F{ﬁgﬁgée$p¥?ag§§?%2t@§§ﬁ°§ﬁ:dgié%%%ﬂ?lvariations inn
h | d di ' s ' I nk i.nk le. |
(he vorure and G ko oL S5k elrcen retPelagmeng oAt o) 1o

hi gh 5 accurda%eﬁng]eaw ﬁsﬁt&mfogpgéffwﬁff&% i ; ddsgvery

hi gh manuf acturi ng cost. practica erefore

i nevitable that thperdbyabbeRsnifigt AE1VOLEPE1 image M HVIGH deh
ejected ink occur fromeach ink nozzle. 25 I'm the presence of such

variations, dots fudrmedoRyebBk pixel. BRAZtEs ddhAlcdLnkdrtmaie | arge dots
or adj.acent dots the spacing of which is smaller than a standard
val ue improvement in image reproducibility by allowing one
pixel to contain more information content.
10 In general, the ordered dither process is a
light and fast procesé and can effect cost saving.
In comparison with the dithering, on the other hand,
the error diffusion method is complex but superior in
image quality. The error diffusion method has been
15 extensively used because its complexity has recently
been solved by advances in LSI technology.

In many cases, liﬁe heads of ink jet line printers
have variations in the volume and direction of ejected
ink from each ink nozzle. 1In order to reduce such

20 variations below a constant value, extremely high
accuracy is required in manufacture, résulting 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



-4- ’ make the density of that portion high. On the other
hand, dots formed by ink nozzles that tend to make smal | dots or

adj acent dots the spacing of which is | arger than a standard val ue
make the density of that 5 portion | ow or produce a white stripe in

t hat portion. In either case, density nonuniformty occur

resul ting I n degradation of imge quality. In order to
prevent such degradation of inage “qual i Ty, use has hitherto been
made of an approach to, 10 as in thinned-out printing in the checkered
form control the production of density non‘uniform't¥1

appearing in the méke sheadshFipy PR phrtipeFiomhighy On the gqthgds |

t he sub-scanning direction in which direction paper .is fed,
printing each |in&awodghst ferhee BY Nk nazzles Yﬂa?nﬁéid}ﬂQ es

I nstead of i nti - dj of t I, nk I t

iy the ol o ve Bt 365 55 pcseenn SRFLLER St iE b 18 o 0

degr o but not endHet 2348 oY pRABRFRCERLNY Take e BB S BB [ ne
rinter t |l o 0 ' b ] ;

Fe{/el s by m)sdul at R’ralo;rttq'ﬁél \gr%?qntg?ngkérglégg\?matﬁrll%eg:]e p%e:?lﬂ rulsaetv%’o?stilkgqe

mul tilevel image il L {4 "R8Ruh Sformity od@iY OdERA iy
dots of such int e?rlte |lécthf§r2iczgggt'hgtsﬁ%5& %dfa%relwf %Io?s bar el'y corrergrnto

contact wth each Qf RRfgradation oNeh8gdr 45881y Probl em that density
nonuni formty in
In order to prevent such degradation of image
guality, use has hitherto been made of an approach to,

10 as in thinned-out printing in the checkered form,
control the production of density nonuniformity
appearing in the form of a stripe in particular by, for
lines in the sub-scanning direction in which direction
paper is fed, printing each line through the use of two

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 adjgcent 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.



the formof a stripe becomes significantly noticeable.

-5- In view of the human visual systemthat is very

sensitive to horizontal and vertical lines, it is qui te possible
that slight positional displacenent is recogni zed as density
nonuniformty in the formof 5 a stripe. There is anot her
approach to control density nonuni formty by finding characteristic
val ues for each i nk nozzle in advance®thtough test printing, storing
corrections for all the ink nozzles in nenory, and, at 10 the tinme of
printing, correcting the printing charac- teristics of each ink
nozzl e. The appliERtY&eW #f tHie human vigwalosysted &hpki 48 WeBH, such as a
i ne head in which ., . a large nunmber of ink nozzles are arranged,
requires aSeRFItIVR g G ate Py vestifate liR8ScotEetfions. 15

In addition, a driver LSI for correcting.the printin , )
characteristics i SHFEQPPIRRIL HERAF Sigmty @&ﬁﬂt&BHFEOﬂlSPlacement 1s
capabilities. Thus, the, approach is, difficul.t to, . | mpL enent

BRI EF SUMVARY OF T8E°F |%§\|J132631ty n°n“nl|ft°rf“§t¥n18bfb8t%SFmt% pr esent

I nvention to a Stp{qgide an i mage processing nmethod which, in a range
n .

of lowtone levelsS i Ich stripes and density nonuni formty are

L by b § oy FhlPe 88 Efer eporqd ALl subaten 8
the sane |evel nonunifemiiy By MANAE dd YRFRLePi kiR gR1heBerbpVEsSh

ink nozzle in advance through test printing, storing
corrections for all the ink nozzles in memory, and, at

10 the time of printing, correcting the printing charac-
teristics of each ink nozzle. The &dpplication of this
approach 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



reduces density nonuniformty by reproduci ng dots of
-6~ multiple sizes for image data of the sane |evel, and
noreover is easy to inplenent. According to a first aspect of
t he present i nvention, there is provided an i nage processi ng net hod
5 for converting input nultilevel imge data in which each
pi xel consists of Mbits of data into out put mul til evel inmage data
i n which each pixel consists of N ‘(M6> N[err] 1) bits of data so
that the output multil evel i mage data has a snmaller nunber of tone
| evel s than the 10 I nput nul tilevel inmage data through aégyltilevel

[{

error di f Mnditdpler 6dees £RE pradaciaBadot he (AR LRV&rdidhd

to the tone levels of the qutput nultileyel inage data, wherein the
nul tilevel error dIFERYISEn 15r 688YsitRgiPRLIement. ™ gych that, when the input

multilevel image data is inda 1iﬁ Lange frontne um to_hi tone
| evel s, the types of ddcCording toa Einst ASRECEhy “ AL T nul til evel

[ dat . |, ' nber. t han .t d ' t

MU il evel i mage ARG FERSge S0P PEIRPAneT SURFE. procedtiily Wity
L eve | Lrmge. T . . _ . .

e o0 G, O 4 R ROt 01180} inBLOLES o RS,

stripes and densitghcn pixel ROMYNISkQr Bl 4 BiEs' §EagaVE! ynchh Tddigdd to be

noti ced, nmai ntai ns the substantial resolution by reproducing
dots of the sane $\2& iiQvd1MREGRAGAHALA! ihhGhsaNBeb@NEpixeD consi@th df N

range from nmediumto high tone I'evels,
(M > N = 1) bits of data so that the output multilevel
image data has a smaller number of tone levels than the
10 input multilevel image data through a multilevel error
diffusion process and producing dot ‘patterns according
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
15 range from medium to high tone levels, the types of dot
patterns produced by the output multilevel image data
are larger in number tﬁan those produced when the input
multilevel image data is in a range of low tone levels.
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



reduces density nonuniformty by reproduci ng dots of mul tiple sizes
for image data of the sane |level, and

-7- noreover is easy to inplenent. According to a
second aspect of the present i nvention, there is provided an inage
processi ng device conprising: a plurality of conversion tables
connected 5 to receive input nultilevel _inage data in which each

pi xel consists of Mbits of data for convértpng‘it i nt o out put
multilevel inmage data in which each pixel consists of N bits of
data, the conversion tables having different conversion threshold
settings for 10 moreﬂwﬁﬁiﬁév@ﬁSYnﬁgel@Bf%m¢%ta range from nediumto high
tone |l evels; switching nmeans for selectively sw tching t he
conversion tables for d$&ordiagnyer 3i sACER; pgPect of thﬁuﬁﬁe%ﬂﬂﬁllevel

I mage data; and nultilevel error di ffusion process nmeagns for
performng a mul t i4ngeationg ther@rFBrPH?Y$ﬁ%¢o@P[ﬁ EPFRﬁQﬁfﬁﬂﬁédeVlce

conversion tables sel ected by.the swtchi n o convert he
M bi t i np&tonmlts.m@veﬁ PRHGALUSY 2OF ntQRY Hes 18T 18

I til | i h f
Mvent fon 16 20 0 TsesivaciarutnmyLt: LovEl AR HRE C%np c?ﬁﬂé,e
of | ow tone IeveI Q?Wﬁbggliké' gs aggtgegflagt for ??é?%ﬁﬂ%ﬁ mhty are

relatively diffi (ﬂﬂﬁ 0 be notice T ai fis antlal

resol ution by repradiSiiput. muleidghs1Otnk mes P £ am il ddEppdana of

the sane | evel a range frontnediumto |gh tone l|evels,
consists of N bits of data, the conversion tables

having different conversion threshold settings for
10 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 multilevel image data; and multilevel error
diffusion process means for performing a multilevel
15 error diffusion process using 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.
It is another object of the present 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



reduces density nonuniformty by reproduci ng dots of mul tiple sizes
for inmage data of the sane |level, and

- 8- noreover is easy to inplenent. According to a
third aspect of the present invention, there is provided an i mage
formati on device conprising: a plurality of conversion tables
connected 5 to receive input nultilevel _inage data in which each

pi xel consists of Mbits of data for convért?ng“it i nt o out put
multilevel inmage data in which each pixel consists of N bits of
data, the conversion tables havi ng different conversion threshold

v
settings for 10 MOTRAVEY| LY ct2FMele WRLEMS % range from mediumto high

tone levels; switching_neans,for selectively swtchi t he
conversion tables for 6§8°F§1B%n98r%iﬁﬁ%¥§3%' ct JF'%%% REGESRE ti | evel
| mage data; nultilevel, error_diffusiaon r.0cess

a rultigevel errotnviﬁtlondi???ﬁﬁcﬂﬁ[ﬁ?ﬁ%ﬂgquﬁnﬁdmﬁﬁg égﬁﬁgigggadggé%ggning
h t ar it ‘ ersi
ool 011 ovel i mage AYPREERTHYI e REWTELK ol ORBredbs +Hblel bBRlbeteq

and printing neang .f 't'ﬁ@u gﬁﬁ:'ﬂg, : he N, Ri; ' e dat a.
20 gAg:ldi t?gngécggj’%c%s aﬁ . adgiant a%leslmoafget tr?(%t}an\?’gnt ! (';.),%ﬁ EQBH. w | |
be set forth in tggxe@_seahmée@ shigh {0 | OMRiat@dor converkAnBait will be
obvi ous fromthe description, or nay be | earned by practice of the

invention. The objgebSoutput muBOdl &EVEMRARS Rftd e whieht eaBhmpyxbe
realized and
consists of N bits of data, the conversion tables
having different conversion threshold settings for

10 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 multilevel image data; multilevel error diffusion
process means for performing a multilevel error

15 diffusion process using the conversion tables selected
by the switching means to convert the 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 obt ai ned by neans of the instrunmentalities and conbi nati ons
particul arly pointed out hereinafter.
- 9- BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG
The acconpanyi ng draw ngs, which are incorporated in and constitute
a part of the specification, illust- rate presently preferred
enbodi nents of the invention, 5 and together with the general
description given above and the deraiPed“description of the
preferred enbodi - ments given bel ow, serve to explain the principles
of the invention. FIG 1 is a block diagramof a first
enbodi nent of 10 BRIBHPEFRIHRION PENTHENSEVERAL VIEWS OF|THE DRAWING)| ock
di agram of an i mage processing . section in the printer controller in
the first enbo&heepeccompanying drawings, hich g dacnprpprakest the
printer engine in_ 15 the first enbodi nent; FI G, .4 shows

i mge. dot sizes fdr 3gfagaPFEASUFR 2hRArt of tﬁ?i%&ﬁcﬁﬁﬁﬁiﬁ%ﬁ%ﬂ;lll?St"
MU ti Tevel Terror dPFLBFERCBSAH DBBESITed Rt AT BHhdSSRG eBet | on
:)1? Eaturao];l (rjls usi offnd %g%%%hgggh'f:& Ehe sIgRehRt E%%%%ﬁqﬂq{rﬁ(g%%?g%\gO%aml =
e esi ng 0 EPE 8838 5bkOBelaF ot of e " ' AR Yngidilust on

ments given below, serve to explain the principles of

the invention.

FIG. 1 is a block diagram of a first embodiment of
10 the present invention;

FIG. 2 is a block diagram of an image processing
section in the printer controller in the first
embodiment;

FIG. 3 is a block diagram of the printer engine in

15 the first embodiment;

FIG. 4 shows image dot sizes for gradations in the
first embodiment; ‘

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 qf FIG. 5;
FIG. 7 is a graphical representation of the

degrees of influence of density nonuniformity and



FIG 7 is a graphical representation of the degrees of influence of

density nonuniformty and - 10 -
a line on the human visual systemin low to high- degradati on
regi ons; FIG 8 is a block diagramillustrating a specific
arrangenment of the hal ftone processing section in the 5 first

enbodi nent ; FIG 9 shows an exanple of a nultilevel-to-octal
conversion table in the first enbodinment;- 10 - FIG 10 shows

anot her exanple of a nmultilevel-to- octal conversion table in the
first enmbodi nent; 10 FIG 11 shows still another exanple of a
mul tilevel -to-oct @ ldsgvepstba huBRe Viseab $YFtem in low- dehddidhent ;

FI GS. 12A and 12B show an exanple of a nultilevel- t o- oct al
conversion tabl e id¢9xadatdnn Eﬁﬁbenﬁént of 15 t he present invention
FIG 13 shows a smntchln ans anﬂ tilevel - coqyer5|on
tables in a fourth enbggl t 1§f 3 REoC dlagr%?e%%}ﬁsﬁ§ﬁﬁ%ﬁ3(ﬁ1Spe =

FIG 14 shows a nDdlflcatlon o% %H é?g££ enbodi t of thﬁt
present inventiondFFRggement o e i%es$ﬁﬁﬁ§%ﬂ+qgaﬂﬁﬁ i ng by
a canvent i naI i Lec di ng head. DETAILED
DESCRIPTICN%CF TH E £ Hereinafter, the preferred

enbodi ment s of the FIG. 9 shows an example of a multilevel-to-octal
conversion table in the first embodiment;

FIG. 10 shows another example of a multilevel-to-
octal conversion table in the first embodiment;

10 FIG. 11 shows still another example of a
multilevel-to-octal conversion table in the first
embodiment;

FIGS. 12A and 12B show an example of a multilevel-
to-octal conversion table in a second embodiment of

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 pr esent

dr awi ngs.
- 1-

ink jet printer.

i nvention wll be described with reference to t he
Thi s enbodinent wll be described in terns of
an application of the inage formation device to a col or
[ First Enbodi nment] FIG 1lis a
bl ock diagramillustrating the entire 5 har dwar e configuration. A
11 transmts to a color ink jet printer 12 col or inmage

host conputer
data in which

cally, the host conputer 11 transmts code and raster
driver 111 to a printer controller 121 10

one pixel consists of Mlits of data. Mre specifi

of the printer 12 to mat

data fromits

ch

the characteristi 8s applicationjef etiecignage thormatilomedeviget he prtaler 12,
printer controller 121 drives a printer engine 122 in
control | ed manner ink jet printerThe printer controller 121 expands coded
data (for exaggle, a _page description | anguage such as

t he

I mge 15

PDL) fromthe host conplté&

processing on it, it intg, a ,

The printer engine 122FdBnvéris 2 block %#?gFﬁﬁnﬁﬁiqqﬁﬁﬁ§¥§§t§ r GREERE
printer con

printing pa%

I mage

er

ont

that the printer

conput er

10

15

20

25

15mbgdament) map, perf or ms i mage

and then stores bui l't,-i n _page nenor

| 121 20 , dri [ | s, which, i feed
ro eBaréwagﬁdcan-b%‘?{ﬂéi%g zlrlg [}?ﬂfsﬁ &On\l?glﬁ'&r:‘ gllt grfgﬂff“ﬁgsan

55" WeoBRBE" jay set gesnien 2 PR RGETERNY, Xy LS
one pixel consists of M bits of data. More specifi-
cally, the host computer 11 transmits code and raster
data from its driver 111 to a printer controller 121
of the printer 12 to match the characteristics of
interface to the printer. 1In the printer 12, the
printer controller 121 drives a printer engine 122 in
a controlied manner.

The printer controller 121 expands coded image
data (for example, a page description language such as
PDL) from the host computer 11 to a bit map, performs
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
to drive signals, which, in turn, feed printing paper
and drive the color ink jet head for brinting an image
onto the paper.

It is not necessarily required that the printer 12
have a one-to-one correspondence with the host computer
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

y.

ed
ost

a



L

25 11. The printer may be used with the currently w de- spread
network as a net wor ked printer. In this case, a one-to- many

rel ationship results. The interface

- 12 - between the printer controller 121 and the printer

engine 122 is one that is dependent basically on the printer
architecture, not one that is specified. Referring now to FI G
2, there is illustrated, 5 in bl ock dildgram form an arrangenent of

t he i mage processing unit in the printer controller. The inmage
processing unit conprises a color conversion section 21, a UCR
(under col or rennbggyegécth%nPEEPteﬁrnpﬁtnnﬁier 121 angr chesprigteection 23,
and a snoot hi ng section 24. 10 First, the color conversion section 21
transforms input engine 123 &g ?¢ﬁmﬁh%ﬁﬂ%§|d¢9ﬂﬂdﬂmtob@spcnéﬂyconsthes of M
bits of data, for exanple, RGB color signals standard with

col or nonitors of PBLRFEE ?Eﬁh%ﬁﬁﬁFQﬁﬁKNQOQIﬂﬂ? t is specéfipdrent s
adapted for the printe indicate red, green, and

bl ue, respectively, é?é§§rfﬁg 287 %ﬁ%ﬁu?ﬂ{?hﬁfeb&ﬁelé}éﬁtrﬁﬁgémta and
[ A t UCR t 22

gitrgggs a IackrfﬁngOé%e%%ﬁﬁﬁﬁﬁnf9§qmn§QN§Q§QP98898FS°fd§g§r%ﬁgﬁg after

Ccw 20 | t f t.h

where K indiggtggsﬁ?ggg I#QQL%yﬁfﬂgﬁéig&%%égﬁggbon r°E¥N§ectF8ﬁ 5BAYR f or 1B

a nultilevel erroﬁr@éééé&%é”hnlt compg¥ ¥ % %%1%§Cgo%9£9§108n8 1ona§9

transforns on
a UCR (under color removal) section 22, a halftone

processing section 23, and a smoothing section 24.

10 First, the color conversion section 21 transforms input
color image data in which one pixel ‘consists of M bits
of data, for example, RGB color signals standard with
color monitors of 8 bits for each color, into CMY
components adapted for the printer 12. R, G and B

15 indicate red, green, and blue, respectively, whereas C,
M and Y indicate cyan, :magenta, and yellow,
respectively. |

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.



&
pi xel data into nultilevel image data wwth a smaller 25 nunber of
gradations in which each col or conponent is represented by N (M > N
[err] 1) bits, for exanple, 3 bits, to conformto the printing
capablllty of the printer 12. _ 13
The snoot hing section 24 interpol ates edge portions for
each col or conponent to reduce and to snnotlﬁéugged i nes.
FIG 3 shows the hardware configuration of t printer engine 122,
which is equipped with a controller In response to the
multilevel inmage data of 3 bits for each color the controller
drives four ink jéheng@gething secizion 3t 3y e 128 esoedaeppnut hgns ofeyan,
magent a, eIEOW/ and bl ack, respectively, in a controlled manner.
10 Further, tRBCRORPIOF | COMRRRGAL % Fadraf ANy teeSRQAtEmiugged 36
that allows the heads 32 to 35 to travel and back in the direction
of rotation axis of"&Srotating drum a paper feeding notor 37 that
feeds printing paper t t he rota%agg drum drun1nDtor 38 that

drives the 15 rotggﬁng dF RS nERe R IUFEFdens PEi ke
gfét??.??cg ngpf xfn%e¥h g%f%%f %%’éggg?{%gte&uégéﬁﬂdWlth a CopRECI®hti ng
ﬁreg&n nount ed devi CéTm{gLfﬁéééqu%%}ﬁ%M%el i g I%%uﬁt 8%_h| ngﬁ:ne :
T o e hovefPaebetReeatie By eniol I BB IER! S oLy
printing paper 32, 33, 34 and 35 corresponding to cyan, magenta,
yellow, and black, respectively, in a controlled manner.
10 Further, the controller drives a head moving mechanism
36 that allows the heads 32 to 35 to travel and back in
the direction of rotation axis of a rotating drum,
a paper feeding motor 37 that feeds printing paper to
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



fed by the paper feeding notor 37 around the rotating 25 drum
efectrification-fixes the paper to the drum rotates the rotating
drum by the drum notor 38, drives the ink jet heads 32 to 35 on the
basis of data to be 14 -
printed, and drives the head-nounted device by the head novi ng
mechani sm 36. In this sequence of operations when the rotating drum
makes one rotation, each of the I Tk }%t'ﬁeads 32 to 35 is shifted by
half the ink 5 nozzl e spacing and then driven on the basis of data to
be printed. Wen the rotating drum makes two rotations, |, printing
onto a sheet of PFdteder APAafEdvesntie head-mopnfadidavigq Qs the herfy to
be nmade at twi ce the resol yti on_correspondi ng to the spaci ng between

each 10 i nk MY2AF% "eRPERESMNR O ot TRebiysS 3equpre of operations,Tpe
function of the hal ftonin ection part of
On NG FOLRE

23, whj ch fornms th in
the present inve ing drum H%%%?i?ﬁﬁi??F%E&9ﬂ¥(ﬁaégnggi | e of
ti ' t . . l.tivagl ued,i d f, 8 .bit d.256 t
A R N e L e v e et b ey
f 3 bit d 8 I .S, s | Q.. (O ' . 7. bl ack
?hrougL Z ggeudoﬁﬁgﬁ?fgﬁgﬁél%ggggggghgg 8£légh gwnﬁﬁ%HP%ﬁﬁflﬂﬁ nqgg %% %as

the ability to myy piaked. when 8el FBESLEAYId Ml Qlyddigtahgbagach

color, the 20 tone process can provi I mage data of
3 bits for each ofliindSbneosaVeRede! of! gasel Oteifhtes. Thidf el as

shown in FIG 4, "a total” of seven tones can
procedure allows printing to be made at twice the
resolution corresponding to the spacing between each
10 ink nozzle in the ink jet heads 32 to 35.

The function of the halftoning section 23, which
forms the main part of the present invention, will be
described in terms of an example of converting input
multivalued image data of 8 bits and 256 tone levels

15 (0: white, 255: black) into a multivalued image data
of 3 bits and 8 tone lgyels 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 éeven tones can be
reproduced within one pixel for each color. 1In 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



reproduced mnthrn one pixel for each color. In general, t he dot
sizes are adj ust ed beforehand for each color so 25 that a linear
density characteristic can be obtai ned. The dot at the nmaxi num

| evel of shading, i.e., at the 7 | evel becomes such a circle as
fully covers a square - 15 -

pi xel defined by the resolution of the printer engine 122 as shown.

The basic algorithmfor the nultilevel &1 r or° di ffusion process
perfornmed by the halftoning section 5 23 will be described below wth
reference to FIG In the nultilevel error diffusion
process, an Plxe#nﬁ@élgﬁﬁnay iR reesoludora @fs the prgaternegeisegnal
Dn with 256 | ev Is and an i mge correction signal Ecd together to
obtain a correct &éd?i A8g&RSVBnal Dinc. 10 The corrected i mage signa
Dinc is then applied 256- val ata val ued data
conversion tabl e, forIfge baSlCeihﬂﬁrét“% é%ﬁ %¥Q%3%§39§Iued dat a

ot he- conver si o {E8BPE0 oBrefe PhrEtfEnd oirbéva'st & gl L5gind Segrnph
mul tival ued data, ga%%resﬁga gécffb rgggg%(uléﬁtl\/ rence %5§IGDegend|ng on

whi ch of the seven data S Iarger or

snmal l er than, the inpyt tPeom%%tgféﬂe¥se€§e § ffghéfhﬂﬂﬁng o3l ugd i nage

data in a range o roug onver si on e rmay be 20
i mpl emented by |Qﬁhgeoéléng?”Péfrééﬁﬁka@lEgaﬂé”aﬂwﬁﬂput 1magenglgﬁa1he

di fference between the corrected i mage signa
_elght val ued i maggnsyygenl 2660189e1¢8hd "an image correction signal Ecd
together to obtain a corrected image signal Dinc.

10 The corrected image signal Dinc is then applied to a
256-valued data to N-valued data conversion table, for
example, a 256-valued data to 8-valued data conversion
table 42 to provide an 8-valued image signal Dout.

In the conversion table, seven thresholds are set for

15 input multivalued data having shades in a range of Q0 to
255, Depending on which of the seven thresholds input
multivalued data is lafger 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.



the range of O through 255) is calculated by an error cal cul ator 43
to>provide an error signal Er. This 25 error signal Er is then
multiplied in a weighted error cal cul ator 44 by weighting factors
froma wei ghting factor nmenory 45 to obtain a weighted error signa
Er h. - 16 - The synbol *
depicted in the weighting factor nenory 45 indicates the position of
a pixel of interest. Here, four pixel¥f around the pixel of interest
are the subj ect of processing. The generally known assignnent 5

of the weighting factors A, B, C and D for those four pixels in the
vei ghting factor Mbeosym#bli & siegicted in tthet waighzing, fBctog/memory =
5/16, and D = 1/16 as shown in FIG 6A To increase the uniformty
of dot di s¥bi Bodicatesutheaposastignmehta ixowf ilRtEresteB is 10
al so generally known. The wei ghted error_signal Erh fromthe
wei ght ed dexgn EQUEUPAKSES 43TPUNGC g 95 iNTeTEStr 8LFokdPng

| ocation in an error,nenor¥ 46 that ,stores the wei 391 .error

signal for one |i S&PIERAL © sPrPﬁeFﬁén%rroT elggneréi;ﬁ) o 2SSLEHERFes
the position of a foc ssed,p te - EB, EC
and ED are $toredof he welghtgﬁg FBEF°5§X%{SBar Jﬂﬂgﬁhé{ §ﬁ§§§ﬁ pi xel .

By repeating the dltlon f t he | nput a he
correspondi ng i mag&YoPr&€ Foﬁn be Wel%ﬂgﬂ%? %%?to ore QLgsegggﬁ

rerrory 46 by the \gage s — 7,16, 5902 2611 EL05 /48, Ak P LS on of

the corrected
shown in FIG. 6A. To increase the uniformity of dot

distribution, such an assignment as shown in FIG. 6B is
10 also generally known.

The weighted error signal Erh from the weighted
error calculator 44 is accumulated in the corresponding
location in an error memory 46 that stores the weighted
error signal for one line. That is, in the error

15 memory 46, * indicates the position of a focussed pixel
and weighted errors EA,: EB, EC and ED are stored for
the four pixels around %he focussed pixel.

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



I mge signal Dinc into an eight-val ued i mage signal by t he
conversion table 42, an eight-valued i mage signal for one page of
printing paper can be obtained. 25 Next, consider the case of
appl yi ng such a mul tilevel error diffusion process to a |line ink
] et printer of poor printing accuracy. Usually, the error
17 - di ffusion procedure is an algorithmto arrange dots so
that the average optical density becones -as Whiform as possi bl e over
a region of certain size and the spati al frequency becones high.
When an image which, like 5 a patch image, is uniformin density is
processed, dd ffusabadpraagduie heoen falgnni ubdica@rirange detsofm
dot pattern. This is because the bilevel_ error, di f fusi on process
al | ows an output ithagethe pweragpedptical densihy QAAAMEAS GFs WL IBFBCRSand
white dots, whereas the_ 10 mul tilevel error ﬁiftusio%@gr cess aLIgms
t he shades of possiplgy oBeEwaeke Bl ek kKOhMRTHAYE HFDH e lt'gﬁ’ spatia
However, when a certain shade in a patch i eis, processed, the
dots are forned s&TERNEPEHePERAMES) Rign.' 'w ‘g’?eﬂhe’rwq Fhieh, ﬁil with one
or two tone _levels 15 ,_correspondi t o, t he nearby. density.
Such a nultﬁlevelFePPGthFWngvoﬁngBbggEmi%Pté%PSf%y 18 RﬁﬂﬁééﬁﬁPVone
reproducti on approach.for .the_ideal rinti .t ' probl em
of printing accur&c??ln%ed 1magh ﬁﬁn@é%%sgg?ﬁH%W%&%gfﬁéﬁﬁﬁéﬁlgng?gg _
usually in the 20y pak@gknl Nakni el Ko 0062l G NR Ul vari ati ons.
In the presence of such variations, e nmul'tiTeve

diffusion process allows an output image to be formed

from combinations of black and white dots, whereas the

10 multilevel error diffusion process allows the shades of

gray between black and white to be taken.

However, when a certain shade in a patch image is
processed, the dots are formed so that the spatial
frequency is kept higﬁ with one or two tone levels

15 corresponding to the nearby density.

Such a multilevel:error diffusion process is the
optimum tone reproduction 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 wvisually
recognized equally for each tone range. The experimen-

tal results show that the degree to which the density



error diffusion process will make density nonuniformty and white

sttipes nore noticeable. In printers that represent tones by
area 25 nodul ati on, the density nonuniformty is not visually

recogni zed equal ly for each tone range. The experi nen- tal results
show that the degree to which the density

- 18 - nonuni formty is noticeable has such a tendency as

i ndicated by a solid curve gl in FIG 7. As 1&n ve seen, the density
nonuniformty and |ines are nost noti ceable in the mediumto high
shade range. 5 Thus, there is no need of making corrections

in all the tone r3rBEBifpEMikE iswnebireakirjdas sych a tendescyoes the
mul til evel error diffusionngrocess ' performed w thout

. | S ,
modi fication. In ﬂﬁélﬁéﬁﬁﬂ Yorhfghtd curve qghnd Fdffge in A CRdBRsi ty
the pattern in  ssen,PEhe denstty Bopiitloltinh e Tistnate Rest
subst anti al resolution js reduced., This .prqocedure | essens the
i nfl uence of densPP§lﬁSﬁbx?f6?n#$§ @ﬁéﬁ%ﬁr??) %ﬁ;éﬁadé Tandfyi cated by a
dotted curvg g2 in FIG&P&s?“%hEQBr9¥e§o A8ed o t#g&l:gﬂéggréég%g%squality
Y, a et we a

relatively. ™ Incidental oundary e ow toné range and
a mediumor a ; Ri t r S [

. 10 ghet P P£'19<g . ol IR %%_'}fagl £ 0
substantial ly n 8 clegslyaﬁ?stln %ﬁshggfe one. hISeIS caase t he

range over which ag gpki Mhe! At EAFONUCHE N LA Fusd®n pro@sachieved with
Its resolution kept depends upon

performed without modification. In the medium to high
tone range in which density nonuniformity and stripes

10 are most noticeable, on the other hand, the pattern in
which dots appear is changed, so that the substantial
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. Incidentally,
a boundary between a low tone range and a medium or a
high tone range is a rélative 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



t he degree of printing accuracy and kinds of color. In addition
the use of this approach can sol ve a problemw th recent ink jet
printers that the reproduction of tones in highlights is
sacrificed. 25 FIG 8 shows a specific arrangenent of the

hal ftoni ng section 23 for inplenenting the above approach. The
hal ft oni ng section perforns the -
19 - mul tilevel error diffusion—prdfess and its arr angenent
remai ns basically unchanged fromthat of FIG 5 except in the
provi sion of five 256- to 8-val ue conversion tabl es 51, 52, 53, 54,
and 55 and a swiPehtbbeweaprenpr Sliffusions@roceisgekrndi hpat arnangenertt ed
i mge signal Dinc to one of the conversion tables 51 to 55.

The threshol d sefeRadRs brsiraklbnvndiangadafiren shat of FIGoS5exeeRt as
fol | ows: The conyersjon tabl e 51 has t hreshol ds set such that Thl =
18, Th2 = 38, Th3R=tB® prqyplsion gf Livg) 25fm to BryalyReconyeysSiand Th?

0 s - saEERCEE S 2 g RS SHALTEE Gl 1,
s4. Tha < 81, Thiosoe5e ety ik She cprepch’ 5¥8eTna by 2igs S Tﬁe
COMVETSON e 08,0 B bR e g s T 218, 2 - o2
Tha < 123, Tha < 176, g0 hretpla sersingf i I RuiTeion aplte 5170
to 55 are as follows: The conversion table 51 has
thresholds set such that Thl = 18, Th2 = 38, Th3 = 59,
10 Th4 = 80, Th5 = 116, Thé6 = 169, and Th7 = 229. The
conversion table 52 has threshold settings of Thl = 18,
Th2 = 46, Th3 = 75, Th4 = 104, Th5 = 140, Thé6 = 185,
and Th7 = 233. The conversion table 53 has threshold
settings of Thl = 18, Th2 = 54, Th3 = 91, Thd4 = 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, Th6 = 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



e
In the conversion tables 51 to 55, the threshold Thl for converting
a torrected image signal Dinc in the | ow tone range to 0 and 1 is
set to 18 for all the tabl es. The threshol ds Th2, Th3, Th4, Th5,
Th6, and 25 Th7 that convert a corrected inmage signal Dinc in the
mediumto high shade range to 1, 2, 3, 4, 5, 6, or 7 are set to
I ncrease in that order in each of the
- 20 - conversion tables. The differdhce between correspond-
ing thresholds in successive conversion tables is set to 8 for Th2,
16 for Th3, 24 for Th4, 24 for Th5, 16 for Th6, and 4 for Th7. The
difference i s maxconweasios tablahnd dPhe Thisfference betweenTggsrespend-
conversion tables 51 to 55 produce the ' same output for a corrected
i mge signal Di ncing theesholds ipospeemss e REBRrSHosy ita®lest L8r 8RE
out puts for a corrected image signal in the nediumor high_tone 10
range. to BofoBxBRpr el6 wheH i it Forkhdot €¢ EREgEhSigRll
Dinc is 20, any of the conversion tabhles 51 to 5 . provi.des a
output val ue of 1foBn&RbanaPdphtIefghaf. The dlé%%ﬁ?ﬁ?? f?o?aﬁﬁgugoﬁgersion
table 51 prgvides an ou&pgh 15 val ue of 5, the conversion table 52
provi des an outqu an val ue of 4, the conversion table 53 provides an

WP s and enecootiles! BieUNGERAEy S LI AR M
3. If, when an in@%hec85£ﬁﬁ£ego£ngggorrected image signal Dinc in the
low tone range but provide different outputs for
a corrected image signal in the medium or high tone
10 range.
For example, when an input corrected image 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 output
15 value of 5, the conversion table 52 provides an output
value of 4, the conversion table 53 provides an output
value of 4, the conversion table 54 provides an output
value of 3, énd the conversion table 55 provides an
output value of 3. 1If, when an input corrected image
20 signal Dinc having a tone at a level of 130 is entered,
the conversion table 51 is selected, then printing is
made at a dot size of the 5 level shown in FIG. 4. If,
at that time, the conversion table 52 or 53 ié selected,
then printing is made at a dot size of the 4 level
25 shown in FIG. 4. If the conversion table 54 or 55 is
selected, then printing is made at a dot size of the 3

level shown in FIG. 4.



A
20 signal Dinc having a tone at a level of 130 is entered, t he
conversion table 51 is selected, then printing is made at a dot
size of the 5 level shown in FIG 4. If, at that tinme, the
conversion table 52 or 53 is sel ected, then printing is nade at a
dot size of the 4 level 25 shown in FIG 4. |If the conversion table
54 or 55 is selected, then printing is nmade at a dot size of the 3
| evel shown in FIG 4. - 21 - - 21 -
That is, printing can be made at a different dot si ze dependi ng on
whi ch of the conversion tables is selected for an input corrected
i mage signal Dinc. That iEhi primtiegsesant be magdesavfaddifpatremt ndot o
appear, 5 al lowi ng density nonunifornmty and stripes to be
reduced. size depenglingesn wdichhefcbheeronversuon etalslies ols5 to
have their respective thresholds set such that density _
nonuni f or mi ty andeskaqtssk figac ge 1aPRLi Egrrectedoinege siagnral B§M% the error
di ffusi on process, however, since an i nput corrected inmage signal
Di nc, even when i tinggeases the;typggeofafieh BRtEEERRdRC |RRREADF 130, is
subj ected to . addi tj on ,and subtraction for error correction, it
t akes 5 Ta ARG EenSHAY PeAunF QrH?-FYe?%ﬂc%t’Erb?%\%e'?f’tctP?e 15

out put i mage signal,and, the input corrected i mage signal is
calcul ated in; tké%%ﬂ?%ﬁ'calculator 43. In the error calcul ator,

since the difference be{weeNaca) cor tHE LAAYE COLRCELETLL TBYE, ST hal and

t he out put i mge Si gnal “subjec t0 egual "normalT zati on e
shade 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 calculatog, 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



o

20 range of O through 255 to seven levels is calcul ated, an

error value for a dot outputted actually is diffused t hr ough
unprocessed pi xel s and accunul at ed. Thus, when the input
corrected i mage signal Dinc IS an i mge signal in the | ow tone
range in which 25 density nonuniformty and stripes are relatively
difficult to notice, the sane output is obtained from any of the
conversion tables 51 to 55 having the same 22 -

22 - value for threshold Thl, allow ng the substanti al
resol ution to be maintained. For an |nput corrected i mage signal
Dinc in the niddi'ebie Higwh thaeshoddg8hiln allowinghtbe sebstaytimhunifornmty
and stripes are noticeable, 5 a selection is made randonml y anong the
conver si on regQiiteons tq HesFaptadans - of Fpﬁeaév\Hlﬁlht neP¥EReked6 to
thereby vary its putput value. This can change size of dots

printed by the i nk"4¥8 SHgHpl PinFcAdasde mid 13 Pﬁehhﬁhb‘é‘?n%frwep‘diterns

t hat appear on prlntlng and hence reduyce densi
nonunifornity andvhich den%&qylﬂéid%ﬂﬁo5H&FylBHS §Fﬁé@e?ta¥§ Qﬁ#ﬁp?ﬁﬂﬁﬁ¢ed

de f t abl .
thresholds gfv:ﬁid%H§§6%%$g%%ﬁ%f ¥ %ﬁﬁa?VIn %BﬁeconverSl°9ange and a

swi t chi ng neans f@ébf@é( a%%orgyyén%&n;l;of thr%gégg%&gpﬁélrrg%%$e%§u c?‘bl e,

t he construction 1S S|np can be sing a

mul tilevel error yherep 48/d Q%F%%%hQ%ﬁﬁg. This can chang€ Syatch

nmeans 56 nmay be change ove peri
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 dénly 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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cally using a sinple counter or the like. In this case, 20 dependi ng
on the error diffusion algorithm the randommess of dot appearance
t akes effect, providing t he sane advant ages as when the switch
means i s changed over in a random manner. The construction in that
case beconmes nore sinpler. 25 For col or inmages, an inage
I's formed using four color inks of C (cyan), M (magenta), Y
(yell ow), and K (bl ack) ejected fro@Bdthe ink jet heads 32 to 35,
- 23 - respectively. It is known that the effect of density
nonuni formty and stripes on the human vi sual system varies with
col ors. In gener atespedtivdley safie [rsi knowy that thacefifecy,of hdem$itert of
density nonuniformty and 5 stripes on the human vi sual system varies
in the order nonyqifigrag tyarendy stizdgesnongthet hunae giswahesystamat is,
an image printed in black ink is the easiest to notice density
nonuni form ty andvafiepasitiealarse pdinngeaeral, with {be| same nRrirting
nost difficult. Thus, the use of the 10 nost suitable multilevel error
di f f usi on process2§@#racy, the @ffiecdood; dersdhy PORURKECHRBEYICRRGN of an
I mage of hi gher quality _ in which density nonuniformty and
stripes aresreduc‘ié.lpescl’n thg’humﬂﬂ'W%ﬂﬁ I§¥s¥8msﬁﬁfé%? énbg%%kp?ﬂﬁbe

SOl 10 DEE 2 o) hevah SOl ! Chsl Q0. BHOESES, bhE: o,
settings as SHOWLANFR fhinted in black Bk 3YehbosLLIREE SLORGL: RN,
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 quality 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 sﬁown 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, ThS, 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



511 to 551 are used which have such threshold settings 20 as shown in
FI& 10. In the conversion tables 511 to 551, the threshold
Thl for converting a corrected inage signal Dinc in the | ow shade
range to O or 1 is set to 18 for all the tabl es. The threshol ds
Th2, Th3, Th4, Th5, Th6, and 25 Th7 that convert a corrected inage
signal Dinc in the medi umto high shade range to 1, 2, 3, 4, 5, 6,
or 7 are set to increase in that -or@dr +n each of the

24 - conversion tables. The difference between correspond-
ing thresholds in successive conversion tables is set to 4 for Th2,
8 for Th3, 12 forcdhvderdPof otabihds. 8 Ther differenth6beawdel €orrgsgondhe
difference is maxi numat Th4 5 and Th5. The difference for each
threshold i s hal fing thresholde ivrswsmasdivey conivessénbetphlesGlsgsetn the
conver - sion tables 511 to 551, the maxi num of differences
bet ween correspontidng for ¢Bd) & far &h3 .t HE diorf 8hdmcé2 for Thpet fefrt he
conversion tables 511 and 551 for 10 t hr eshol ds Th4 and Th5 ThIS i's
hal f the differenEh6, and 2 frx Beh t Rheshfdesiesset aﬁl @gxsmuana 5504 or
t hreshol ds Th4 and Th5, which is the nmaxinu i feregcsg
bet ween cor Bespon@PfgThbr esHef di1f FeRance dijFe@dcon t 2608 di 35 BéLE1°f o 55

ngWQOhCeFLF;ngiag g %g%ggggég J%%%“%éﬁqu£ﬁggg3Fﬂ§h4?h2hﬁ?h§ﬁgT§§gV%£7 a
T and Th7, g on" BSRESLT ¥P Veo ! 451 NGO NS HAN o3R8 eB hBeE & O

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 Thz; 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, Th6, 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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To performthe nultilevel error diffusion process on a cyan and a

magent a i mage signal Dinc, conversion 20 tabl es 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 imge signal Dinc in the | ow shade range to
Oor 1is set to 18 for all the 25 taMiﬁa The thresholds Th2, Th3,
Th4, Th5, Th6, and Th7 that convert corrected i nage signal Dinc
in the nmedi umto high shade range to 1, 2, 3, 4, 5, 6 or 7

25 - are set to ingrease in, that or de |n each of
conversi on t abl es2F¥hgeHi FP et RFERA TR &0 ach of tﬁa thresholds

.tab . 6 Th2, 12 f
for T 36 for Thenvestigh taBHeF. Tine aqfdfffr%%serw‘%%we?necarr%?s%%e s
' , Th4 Th Th h
et 315 m o s N AT SR e .
and 10. In the coggeesggp Th2 12@@4?&1 1 CﬁS%. a hqsngélrmfggof
ng t res s

di fferences betweén cbrrespon 1s7 t he dl%?erence

bet ween er Nq t 12 1es
t hr eshol ds ?h4 an28¥th¥Th§h§h?eﬁﬁ%ﬁgpﬁThéﬁﬂgh§§%¥%fnk% 13 &Q&Em%ﬁ %EG and

Th7 in the conver gh@n habrgs D127RE ea£8Edrence witls&edpgedietvaeeachhe
corresponding thresholds in the 15 conversion table 51 of FIG 9 and

the conversion tagh@eshold isShidwaly Fbétwdéh the correspondimgconverting a
multil evel corrected i mage signa

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 muitilevel 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.



Dinc to an eight-level output inmage signal through the mul til evel
ertor diffusion process based on nultilevel 20 to eight-1level
conversion tables, for a black imge in whi ch density nonuniformty
and stripes are noticeable the five conversion tables 51 to 55
shown in FIG 9 are used and switched at random by the swi tch nmeans
56. Ther eby, although the substantial resolution becones 25
| ower relative to other color images, densit36 - nonuni formty and
stripes are significantly reduced conpared to the other color
I mages. - 26 - For a
yel  ow i mage i n which dearsiat yeldowniaegei iy which demsititwtmompes fomity
difficult to be noticed, the five conversion tables 511 to 551
shown in FIG 10 ane s¢gdpes are dafifiswltchedbatnotaimkin bhe Havew t chi ng
means 56, 5 thereby.keepin% the substantial resolution higher
rel ati ve to ot her cosversigagsablesr 541canSahdskown in FIGmdgéhtars megd, t he
five conversion tables 512 to 552 shown in FIG 11 are used.
In this manner, f@&dcEvdtchedges asndem bydeheiswitaling memudiGornity and
stripes can be red%Fed an nnneoveg t he. reduction igys bst anti al
resol uti on Gan be thereby RiRTz &8et SUPREARESR! pFESR T HG b %éﬁﬁr
Al t hough the first ggsgi nt has been described as_usi five
multilevel to i giEIRNIE EonOEPEFoROLE5 1Magesh) JROT (he YR o
conversion tables |5 llUHadt, Vene five cBR¥elSlof SEI51& 8% 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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[ Second Enbodi nent ] Here, another enbodinent will be described

whi ch reduces density nonuniformty and stripes in color 20

i mges. Although the first enbodi nent has been descri bed using
five multilevel to eight-Ievel conversion tables for each of color

i mges (a bl ack i mge, a yellow inmge, and a cyan and a nagenta

i mage) and varying their threshold settings with the color 25

i mages, in the second enbodi ment the nunber of - conversion tabl es
used i s changed according to col or i mages.

- 27 - For a black image in which density nonuniformty

and stripes are easy t8%BednBlpekdimage intweiqh rdgnsity nonueriffodinityt, the
five conversion tables 5] to 55 shown in FIG 9 are used and

swi tched at randofP8r ShEFPBRI are &asy tehe \nafiiqess & tohithe Fazst 56.
Thus, al though the . supstaptial resolution becones |lower relative to
other coISPbPﬂﬁﬁggF'd€ﬁ§ifgy?uﬁﬂﬁﬁ?¥ﬁ%ﬂq)F%%%fssﬁﬂi§@s5§réhown
A P s U Y T L
11 oult U8, be 8RSy 2uih Nl Prching, na STAE ) HREOLSR0,ER, Bhgu 1
Tho'= 54, ThBC2%%5'%%&;&1%2%&g@é@@g?&%ﬁ&@%&h e

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. 123 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, Th5 = 164, Th6 = 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,
Thé = 180, and Th7 = 216. The conversion table 62 has

thresholds set such that Thl = 18, Th2 = 54, Th3 = 91,
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For a cyan and a nmagenta inmage which is between bl ack and yel | ow
|nages in the degree to which density nonuni formty 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 threshol ds set such 25 t hat Thi 18, Th2
= 36, Th3 = 72, Th4 = 108, Th5 = 144, - 28 The = 180, and Th7 216. The
conversion table 62 has t hreshol ds set such that Thl = 18, Th2 =
54, Th3 = 91 28 Th4 =
128, Th5 = 164, Thd = 388, Zha Thit4 2@P¥6 201, angh@hdorv@3di-on table 63
has threshol ds set such that = 18, Th2 = 73, Th3 = 109, Th4 =
145, Th5 = 181, The COHV?HBlC‘nz‘i?bl%n@Tlha/S—t@&ﬁhO@S set suchgfhak: ying

the number of nultilevel to eight:leye conversion tabl used
according to a bIT&ek = |Srﬁg hg 173 %/eTI{)Q/\?‘I rﬁb“e a“tﬁ/a 2 magg%1

magenta i nmage in t hat er nsity nonuniformty and strlpes can
be reducgwsln @3V0rapﬁgggz ﬁgﬁbreover a reduction |n

subspantia% reso'Ut'ngf@%ggﬁﬁglﬁég2§§@3599%€0%§?§§?e ol rglfg%el

quality. een escri bed

as using five coQ¥%§%EQ§okagég§ﬁgo&sgﬁbggggragﬁgerSIOn éﬁie?gr onver si on

table for a yellow i mage, o’ a cyan
and a magenta i M0&e14BLSimage, 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 Embodimenti
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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Is illustrative and not- restrictive. [ Third Enbodi nment ]

I n*t he second enbodi nrent descri bed above, the nunber of conversion
tabl es used is changed according 20 to colors to be printed, while, in
t hi s enbodi nent, t he nunber of conversion tables used or the

t hreshol d settings of the 256-val ued data to 8-val ued data
conversion table is changed according to the printing accuracy of
ink ejected fromink nozzles. 25 - I g€éneral, there are variations
in the vol une and direction of ejected ink fromeach ink nozzle of
an ink jet head. Manufactured ink jet heads thenselves al so

- 29 - shehovayab #bhenNs nihReFEIRIC e (¥ e $Oa8CGHEATY AT

manuf acture. Such variations ap %§£ as varjations in .ganting
accuracy. Variati8ﬂ§uﬁﬂch¥%tin§u Na%iarions appearyas,VeRdahdehrr&hce of
density nonuniformt

d 5 [ . . . [ f
conver si on t abl esP$ Hggﬁ ?ﬂ%urac?Prligﬁaﬁﬁ%ﬂHﬁ %ﬁwﬂﬁln&ggbhggghgggggésg are
t di t t d f th , , Is
o for w1910 1ead rq' e (G0 SErdiod B UL SorRh 3BIEY ana

I mage is foEned at, such a maxi mum resol uti on that density
nonuni form ty and EF?PBES are not noticeabl e. For exanpl e, when

printing is mde at anoageHiACHumber of Ehnvedfdd Rty apdar drdeviat ion
with respect to a reference position, the nunmber of conversion
tables 15 uspdi1k$18661t BrEbr €81 e ¥ dh iy s hanrd sethercpiridihigngo
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 referénce 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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i's, made at an accuracy of 10 [err]min standard deviation W th
respect to a reference position, the nunber of conversion tables
used is set to five. By adjusting the nunmber of conversion
tabl es used 20 to the degree of printing accuracy in this manner,

a reproduction of halftoning can be achieved which is t he nost
suitable for ink jet heads. O course, this can be perfornmed for
each col or of a color inage. In Fhi§00a5e, t hreshol d paraneters are
set in each of 25 conversion tables used as shown in FIGS. 9 and 10
according to a degree of printing accuracy. Further, t he i ndi vi dua
threshold | evel s gﬁb%% %ﬁ‘%}-ﬁeq ei}@h th'at, as shown in FIGS. 9 and 10,

_ 30 - tabl es are set such that,cﬁs shown in FIGS. 9 and 10,
an i mage of a rrax‘?‘%ﬂﬂ‘?%%o‘?ita} PRI FEFOHEHE O n Ot PromigeRnt; 15

ronun Torm Ly SnCREL G, SRR SN G° L TRde csontSha e chOppla0 (7
d ith t . f . th i.nt i .. Need t

scoordance W {1 {059 Shanging, L SRR SHOPRCEEER R AR

ponin 0T MAY S04 LRSS, S0 e L0 ES.8450! By e oBgfER T, ™

accordance with the fﬁgﬂﬁﬁ%ﬁﬁ;n% accurd@?.“?NQQF28§QVEBYS€%{egﬁrgﬁgﬁ?ngf

t he col or i mge. _ he nost “suitable multrle _ usi on
process can be pegf o gk k) Hed AutIRAIHACRMErRELIE in densityeir

respective printing accuracy to increase printing
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 Embodimenﬁ]

Although the firsé 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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13 quality. [ Fourt h Enbodi nent ] Al t hough the

first enbodi mnent has been descri bed as switching the five

conversion tables at random by means of the swi tching nmeans 56

consi sting of a change- 20 over switch, the fourth enbodi nent uses a

swi t chi ng means consisting of a five-random nunber generator 66

as showmn in FIG 13 and a nenory 67, such a§la RAM in whi ch five

conversion tables 71, 72, 73, 74, and 75~ “have been set up. 25

The fourth enbodi nent is arranged such that threshold data are

sequential |y domnloade%'fr m out si de nto_t version tables 71
O e commencement of a mult1 eve error _ 31

to 75 in the ne
Prior to the co

such conversi on%qffeéﬁslioh ﬂ"fé’%legysm sugk® c°n8?r§l?xéb‘f%l‘é%s s’tfb\l/ﬁ{ %G%%%Cegsor
10 are domnloade rg(%ﬁgle as s%%%g QB %?g anggrfb réeg§é§;%ﬁ§% %ﬂ%p bits

corrected i mage S|gnal nc I's assi gned

A7 to AO on the addhess nory 67. A signal fromthe
random nunber genera or Q%% 2 %ggSlgnaggPéggd to the high-order three b|ts

AL0 to A8 5 SO 3§ dd}-RRakle é?]n*&? g‘r%'ig;ﬁ%i' Binkabh eésgﬂgﬁﬁd £33 tﬁ}]

switched. Although five conversi are used e use
of three bits fordal)Rienictighitngiak! RYSto A0 on iR dderesd ll:RlsOfoﬂJH:hté)

ei ght conversion tables. he use of eleven address bits AlO0 to
AO al | ows mérr £ FV.er &l @i ghabl Q%o?nlth@ #8ndSm L@y eh &atler be
66 is assigned to the high-order three bits Al0 to AS8
so0 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 210 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



swi tched at random and an 8-bit corrected i mage signal D nc

to be converted into an output inage signal consi sting of three
bits D2 to DO The fourth enbodi nent in which the swtching
means is formed fromthe random nunber generator 66 and the 20
conversion tables are set up in the nenory 67 such as RAMw Il al so
provi de the sane advantages as the previ ously descri bed

enbodi nment s. The enmbodi ments &f the present invention

descri bed - so far allow density nonuniformty and stripes to be 25
reduced through the use of a sinple hardware inplenen- tation using
nul tilevel to snil|driefpdeteniin SRat. conversion tables and a

sw tehing in A rﬁghgff- obfis lnﬁ%e;%?m number generator ffeiFaKEBAPARALEIER
donversi on tabl o8 CoRNEes U fag shaym G HE: Lai £aP oRRCRS LY CHARIERS 5
Corme of conversi8h B SERed MR A Gy 8 8 Bixenspregha | cvel s | nto
Cestrictivg. ina  THe%bodinente NS HE Sbonl IRNRD I A2kE P8 at os

10 ConverSi0@ﬁ§@ri$ﬁﬁ“iﬂ“€éf$§”’ t%qgﬁﬁaéq%had@ %BF%gggmag? dataPi Xe€l

acconpani ed by Mbits into output nu _ a wmth each
pi xel acconpani egi by MNPitsne levels (Mto NIk imbke Hata wRthBiyRE toOne

nunber of shades, '
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 2 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



through a nmultilevel error diffusion process. 15 The multileve

ertor diffusion schene need not be limted to those used in the
previ ously descri bed enbodi ments as long as an essential definition
of mul tilevel error diffusion is satisfied. The

enbodi nents have been described in terns of 20 an application of the

i mge formation device to col or ink jet printers; however, this is
not restrictive. The present inventi can al so be applied to
nonochr onme ink jet printers, thermal printers, LED printers, etc.
Addi tional advantages and nodifications will 25 _readily qgccur to those
skilled in the arshowlhendf described herehe. i ARALIBMILY i VRIBPYEder
aspects is not limted to the specific details and representative
enbodi ment s modifications may be made withppt depardimdadaodedbei bed

herein. Accordingly, various nodifications nay be nade w t hout departing
fromthe spirit SPi¥d8§pETofCPRE agn%?%Jg??ﬁﬁﬁgi%R¥Qﬂﬁﬁ¥%ﬁ9QQ§epﬁeP ned by

t he appended clains and their_ equival en{s.. |, , .
- 34 Pp defined by theqappengéé(2;9$m§ and their equfyg&ﬁnfﬁage
processi ng nethod for converting input multilevel inmage data in

whi ch each pi xe
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copsists of Mbits of data into output nultilevel image 5 data in

whi'ch each pi xel consists of N(M> N{[err] 1) bits of data so that
the output multilevel inmage data has a smal |l er nunber of tone

| evel s than the input multilevel inmage data through a nultileve
error di ffusion process and produci ng dot patterns according 10
to the tone levels of the output multilevel jjmge data, wher ei n
the nultilevel error diffusion processing is such t hat, when the
input multilevel inmage data is in a range from nediumto high tone
| evel s, the types of dot 15 patterns pig d by the output nultilevel

| mge data are larger in nunber than ose produced when the input

mul tilevel inmage data ks iﬂnaié?ﬁg?pfgcéégﬁﬁé”M%éﬂaﬁﬂf%r conve:Figgnvez' An

i mage processing device conpri a plurality o rsion

tables connected §8pu20nultil&F&] VanddW Hat ! itd hAveh igqRgepdaka i n which
each pi xel consists of Mbits of data for converting it into

out put mul tilevel cbAB@Stgade MNbid CBF adth Bint® output mul®A3esbs 9hadkbits
of data, the conversion tables havi ng di fferent conversion

threshol d settingdatarin2phich Sadh ipeusl domgetdaior N0 (& range=f nom nmedi um
to high tone | evel s; switching neans for selectively
switching the bits of data so that the output multilevdd image data
conversion tables for use in conversion of the input multil eve
i mage data; and has a smallemmunbewedf erone ldivieflissitdianptbeedspubans f or
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
T
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performng a nultilevel error diffusion process using 5 t he conversion

tabl es sel ected by the sw tching neans to convert the Mbit input
mul tilevel imge data into the N-bit output nultilevel image data.
3. The image processing device according to claim2, wherein the
switching neans is operated at 10 random 4. The i nmage
processi ng device according to ¢l akhg 2, wherein the swtching neans
i s operated periodi cal ly. 5. An inmage formation device
conprising: 15 a plurality of conversion tables connected to

receive input myLb) &é?gﬂo i e%?%%ﬁ %é@hEﬁhc8ﬁ9?r9§é i Fevefn§%€5|5ts of

M bits of data for conver ge data
in which each pigeltileve It ,0faply bits of data, the conversion
tables 20 Hg€$hb Jfﬁferen convérsion threshold settings for

nul tilevel image dat amwt@lé@émeexffmdmlfémohop%aass means! 888 | evels;
swi tching neans for selectively switching the conversion tables for

use in conversi opePfornind HPutultdievel Blrbrl aYekubiBepPotéss using
multilevel error diffusion process neans for performng a

mul til evel5errorthie fdarsrers iprooedd assisejected by the switchifdpemeammyer si on
tabl es sel ected by the sw tching neans to convert the Mbit input
mul til evel imageteatenvento 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

I
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the N-bit output multilevel inage data; and printing nmeans for

printing according to said N 5 bits i mage dat a. 6. The

i mage formation device according to claimb5, wherein the swtching
means i s operated at random 7. The inmage formation
devi ce according to 10 claimb, mherein the switching nmeans is

oper at ed periodically. The i nmage formati on device
according to claimb5, wherein the smn?chlng nmeans i s operated so
that the types of dot patterns which can be produced 15 onto the inage
formati on device | from conversion
of input nmultil eve%emgotm)e?ﬁr%lgggg £§ Fﬁlchgﬁgéy E@%\#& n(% “Pﬁ"‘rg}}? t one
| evel s varg, %Cowe%nghteow_ﬂ%tpéhawﬂ REEIEACY inage it The
i mage formation deV|ce accordin clarm where 2 sW chlng

means is operated e N-bit ou“t%ﬁ@ofﬁhltllevel imageOda %E éﬁ@ge formatlon
devi ce according to claim8, wherein the sw tching neans is

oper at ed peri ogiiddihg méans for priitindh8cédPgend OksBdadd ¥levice
according to claimb5, wherein the nunber of the conversion table

I's changed a&ccordibigd driade @ait@ti ng accuracy so that

- 37 - the types of dot patterns which can be produced onto

printing paper in a priéterThHey imalgke ferabtioangdedita 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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resulting fromconversion of input nultilevel inmage data in a range

fromnmediumto high tone | evels vary 5 according to the printing
accuracy. 12. The inmage formati on device according to
claim1l, wherein the switching neans is operated at random

13. The image formati on device according to 10 claim1l, wherein the
swi tching neans i s operated peri odi ly. 14. An i nmage
processi ng devi ce conpri sing: aplurality of conversion tables
connected to receive input nultilevel color imge data in which

h 15 ' ' f bj f data f ti it
Ce o111 DL crtnEoapba e M B ol dtha fo omeerintlh bRIS.
N bits of data, tBﬁiﬁ@fﬂﬁr§é§5Eﬁéﬁﬂéﬁbriqter b %%ﬁ@glg E§2&ﬁ§580§§§3r5|0n

threshol d settings for I "evel " col'or ‘I'age da ge from
mediumto 20 rBbGhtingert&N & dnversion of iﬁguzgh%ggkﬂgvgﬁaﬂﬁa ar

sel ectively switching the conversi on t abl use 1 n conversion
of the input datanihtal eagde COIHN ndiGm 43 digddone levels vary

mul tilevel error diffusion process neans for 25 performng a

nul tilevel Brror dcébnding 6 ofles prigitlihg accurackhe conversion tables
sel ected by the sw tching neans - to convert the Mbit input

mul tilevel color imagk2datBhe image formation device according to - 38 -

into the Nnbit output nultilevel color inage data.
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

A
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15, The image processing device according to claim 14, wherein the
SMAtChIng nmeans i s operated at random 5 16. The i mge
processi ng device according to claim 14, wherein the switching neans
i s operated peri odi cal ly. 17. An image formation device
conpri si ng: a plurality of conversion tables connected to 10
receive input nmultilevel color image datallngnch each pi xe
consists of Mbits of data for converting it 1nt output nultileve
color image data in which each pixel conS|sts of N bits of data,

t he conversion tabll es havi

di ff h | d
settings for 15 Lhtogfhe Nsbit BBFgPt:Wég{eeﬂ% Sr:' gﬁ‘b&@% 3&%?9& umto

hi gh tone | evels;

1 h | h
t he conver si orJrSt abl QS F‘gl?ggggwgeggﬁérés%ln&e e%]dflﬁné.ﬁw tening
mul tilevel color ijRge 43t awh %gln the SW gyﬁl‘ %eﬁ{@énéﬂ FOTodlifftesd

process means for error diffusion process
usi ng thex%&ﬂﬂﬁﬂs'on tables selected by the swi tching nmeans
to convert the Mbit 1T nput nultilevel color inage data into the

N-bit outputs nultil evalg colple i1hRGR ggggesgggg dévice accorddtiditiong neans
for printing according to said bits i mage dat a. 18.

The inage prOcesshilhﬁiﬁﬂMcewﬁﬁQQﬁﬂlﬂﬂetQWLtchlng means is operated
- 39 - claim17, wherei n t he switching neans is operated at
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

I
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random 19. The i nmage processing device according to

claim 17, wherein the switching neans is operated 5 periodically.

20. The inmge formation device according to claim17, wherein the
switching neans is operated so that the types of dot patterns which
can be produced onto the inmage formation device by nmultilevel color
10 I mge data resulting from conversion §H I nput mul til evel
color inmage data in a range from nmedium ~ to high tone levels vary

according to the printing accuracy. 21. The inmage
formati on device accqQrding to 15 claim 20, wherein the sw.tchi_ng neans
is operated at  Clalm ldpqwhprein the switehligneanf 48 PHERENESH 2evi ce
according to dcIaimZO, wherein the switching neans is operated
periodically. 20¥3RdOMm- 53 The image formation device according to

claim 17, ‘wher el n the ,gurbaye0leblie GOMNELS! QY daM Rcording tghanged

according to the prinfi'ng accurac types dot

patterns which cap0e,Pi9duged:@ihotne switcRidddkhPaRCloddratedl | Nt er by
mul til evel color inmage 5 ata resulting om conver sion of input

multilevel g e2qb@ichrage data in a range from nediumto high tone
| evel s vary accoréﬁng to the printing accuracy.
- 40 - 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

10 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

15 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.

20 23. The image formation device according to
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

25 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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24 The I mage formation device according to claim 23, wherein the

switching neans i s operated at random 25. The i mage
formati on device according to 5 claim 23, wherein the switching neans
i s operated peri odi cal ly. 26. The inmage formation device
according to any one of clainms 5 to 13, 17 to 25, wherein

said image formation device is an ink jet pr&&ter. 10 27. An

i mage processing device and i mage fornation ~ device, substantially as

her ei nbef ore described with reference to FIGS. 1 to 14.

28, A0, Lege Drocessing Tehlgds SURSLANLELLY dice acodi¥islyRE O'°
claim 23, wherein the switching means is operated at
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.
10 27. An image processing device and image formation
device, substantially as hereinbefore described with
reference to FIGS., 1 to 14.
28. An image processing method, substantially as

hereinbefore described with reference to FIGS. 1 to 14.
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