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DESCRI PTI ON AN | MAGE- PROCESSI NG APPARATUS, AN
| MAGE- FORM NG APPARATUS, AND A PROGRAM TECHNI CAL FI ELD

wab@epuesent i nvention generally relates to anPCT/JP2005/020148

i mage- processi ng apparatus, an image-form ng
apparatus, and a program BACKGROUND ART A

pseudo-i ntermedi ate tone ptocess is known as a nethod
of converting, in an inmage input/output system for
outputting to an output appagpppisoppuch as a printer or
a display multi-value inmage data read with an i nput
apparatus such as a scanner or a digital canera, the
multi-level (eg. 256 tones for an 8-bit accuracy)

i mage data read with the input apparatus_into_inage
data havi ngh WAESFROFESSHIS AR IORe Bt PURCE- FORMING
appar at us can out put and pseudo-representing

e8BITP v AN B e FROGRAMi s pseudo-internedi ate tone
process, a bilevel process is conventionally perforned
when the output apparatus can only represent a
bi -1evel of ONVOFF of a dot. Asthis bi-Ilevel process,
THOENE CALEeFapLREr r or - di f f usi on process and a
m ni nrum aver age error nethod that produce superior
resol ution and tone. The error-diffusion and
m ni mum aver age error nethods which differ only in

when to pef{ﬁgfﬂgygsgaeofggééﬁgiggi generally relates to an

image-processing apparatus, an image-forming apparatus, and a

program.

BACKGROUND ART

A pseudo-intermediate toné process 1is known as a
method of converting, in an image input/output system for
outputting to an output apparatus such as a printer or a
display multi-value image data read with an input apparatus
such as a scanner or a digital camera, the multi-level (egq.
256 tones for an 8-bit accuracy) image data read with the
input apparatus into image data having a number of tones which
the output apparatus <can output and pseudo-representing
successive tones.

As this pseudo-intermediate tone process, a bi-
level process is conventiopally performed when the output

apparatus can only represent a bi-level of ON/OFF of a dot. As
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task are logically equivalent. Mreover, there is a
multi-level error-diffusion process as one to which

wo hios/0es75®r - di ffusi on process is applied to theCcTrdoes020148

of tones of not only two | evels but also three or nore
levels. Simlar to the bi-level error-diffusion
process, this multi-level -érror-diffusion process
agai n produces superior tone and resolution. On the

@fikery handse1vagi Quss JTet ppds, akge k%%vm?é%%ft?h“ffdsagnt Bﬁ:ocess

nunber of tones of three or nore |eve [ e out pu

Qppacatys,  For_exanple, ei g?ian hdl & &%%%Ldégggﬁé%)g syperior

I'mage- f orm ng appar at us di'spensi n

asoﬁo form an i mage, rﬁgroducin ,éﬁ;},nunber of .tones
TSEOLHE&an ST U ot e | STHRFT B ARG Ranigum-average
met hod of controlling the anpunt of droplets
efirogemesfodshahdbh wad§pngoaldodindivhent &0 @erfieg an error-
medi um or large; a nmethod of overprinting dots; or a
didtflusdngf task grea ogriordilpgequiealeritnk of varyi ng
concentrations or a variable-density ink. It is noted

that the caomseitiveat,i othéfe aibow denstiyldvdd | 8rror-diffusion
generally diluted to between 1/6 and 1/2 of a

gHctRsdengst Yo K. MOLBGKAT  th{ls @Mbrror-diffusion process is
el ect rophot ogr aphi c-type i magef orm ng appar at us,

a%&ﬂ!l?lgamtgt bpdi %{Lllr%@zg d¢ %L%e%x%%s Hh ISEEL#'?%}%% SXEPSH $ut also

Ng SO as to contro e_ anoun exposure
e e o, o, ad vsyi 09 Lhe SIEDOLD O 2. osrusion
ptrrgaeceggt, this multi-level error-diffusion process again
produces superior tone and resolution.

On the other hand, wvarious methods are known for
securing the number of tones of three or more levels in the
output apparatus. For example, in an inkjet recording-type
image-forming apparatus for dispensing ink droplets so .as to
form an image, reproducing the number of tones of three levels
or more is performed by such as: a method of controlling the
amount of drbplets dispensed, thereby varying a dot diameter
as small, medium, or large; a method of'éverprinting dots; or
a method of wusing a recording 1liquid ink of varying
concentrations or a variable-density ink. It is noted that the
concentration of a low-density ink is generally diluted to
between 1/6 and 1/2 of a high-density ink.

| Moreover, in an electrophotographic-type image-

forming apparatus, pulse-width dividing light exposure in
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di aneter, etc., are performed. Now, it is known as one
probl em of the errordiffusion process as descri bed

WwW@bwem4d78Rt a pseudo-contour R is produced as BODIRPR00I020148

FIG 10 in proximty to a whitebackground portion
(tone value 0 ) or a solidly-shaded portion (tone
val ue 255) due to a delay-8n dot generation. As
descri bed in Japanese Patent Lai d-Cpen Publication

1 t ugent, .1 S SR ;
lgégép%g?a?%f%aggigggirggh%ﬁd1%3I%%ﬁ%%%%ng?%gagéeéﬁeOf light
concentration and to_elimnate del ay i n dot
SERERRE! Dy N GFF  GREBS: porR o iy deihySTRETR Of 2
generation at a solidly-shaded portion in the bi-I|evel
lasesr ldiohtusisss. 1K)br1é<9¥1ér EXPRSPRE /Al #S- |teydodulate the dot
error-diffusion process, there is also a problem of
desetasedetoragarfualertprygd-to a delay in dot
generation in a portion such that an N evel
quant i zat i dfowgut ptit ichakgesn TEeneonas pdebtembesf | Bhe error-
Japanese Patent Lai d-Open Publication 2003-219161
difguenbndeedaent 3k, dkRikebk8 ABokBRERatO/dN gbudo-contour R
apparatus conprising quantizing neans for quanti zi ng

ithg ’\E\Ec‘!@ﬂé@cﬁ Lor gaGh pixekref am Nhhorb%&xrm%y(%egs white-

according to the error-diffusion process usin

o RHCIER LSRN VENEY Y888 Bt e R0 poreon
gégn%aggltgtfggfﬂddésto a delay in dot generation.

As described in Japanese Patent ' Laid-Open
Publication 07-111591 (Patent document 1), it is known, for
example, to wvary a threshold value depending on the
concentration and to eliminate a delay in dot generation at a
highlighted portion or a delay in ﬁole- generation at a

solidly-shaded portion in the bi-level error diffusion.

Moreover, in the multi-level error-diffusion

‘process, there is also a problem of decreased image quality

due to a delay in dot generation in a portion such that an N- -
level quantization output changes.

Then, as described in Japanese Patent Laid-Open
Publication 2003-219161 (Patent document 2), there 1is an
image-forming apparatus comprising quantizing means for
guantizing to N values for each pixel of an M-tone image
(where M>N) according to the error-diffusion process using N-1

reference threshold values, wherein the M tones are divided



10

15

20

25

vari ed depending on the input tone value of the pixe
i n question. Mreover, as described in Japanese Patent

wa a00dogpen Publicati on 2004- 112089 (Patent docReEmMm2005/020148

3), a configuration is known for solving a probl em of
a pseudo-contour being produced in a case of uneven
intervals of tones when th& concentration in the
vicinity of a tone (a quantization |evel) which an

iﬂlﬂbp‘t@i—l?‘ﬂf}&%‘?&raﬁsh?ﬁdi S iUho1hNGaille GANELEH 3hi@Bval is

conprising: means for outputting correction data in

mthg a eerr diffu%ﬁd fronugl 8ady- antig dt i xel s 15
VEharearound 18 %dded 5 ntith1s | sVET iYagE data OF P1EeL 0
pi xel in question; nmeans for setting a
J4G8RtPRati on-t hreshol d val ue based on the nulti |evel

i mge data of the pixel in question; neans for

conpari ng tNrresyerecepodesiardethdn Wepanese Patent Laid-Open
quanti zation-threshol d value so as to output N-Ievel
Puddeatatm; 280d-he2089 f ¢Patahicubatimgnan3gyr @ configuration
gener at ed when generating the N-level image data. The

16ONkh&wk atficdn §81wElg SHChptdisilem asFUN NGHs@UABLEEBtour being
values are 1., 2, ..., a b ..., N and tones of

prbauaeantized V@alééesoff"r %n%’%en_o’zinterval@z ofPtones Nen the

an 1 -th threshold value Thi (i1 being an integer where

c\%éicgrelglié}}lléﬁ] a4 ’&}Qet Q}'ichlnikgﬁz \r’o\geg %ng n?a Oc%ugrtlt azn%tioirgjgngtlevel)

en an | hput "conce tron-val ue I*s se€
n, is a value set based _on Thi=Ki x| n+ (Oa+ * , ,

wpLeRi 5 9L EPeR. SRaTH e Beng Sa SPERE nuber Wi eapfiguration
g eats! t?an an e%ual t% Zgggnang rrection data in which an
comprising: means for outpu g correc a a

error diffused from already-quantized pixels therearound is
added to multi-level image data of a pixel in question; means
for setting a quantization-threshold value based on the multi-
level image data of the pixel in question; means for comparing
the correction data and the quantization-threshold value so as
to output N-level image data; and means for calculating an
error generated when generating the N-level image data. The
configuration is set such that, assuming quantized values are
1, 2, ., a, b, ., N and tones of the quantized values are 01,
02, .., Oa, Ob, .., ON, an i-th threshold value Thi (i being an
integer where 0<i=N-1) in an interval between Oa and Ob of an
input value, when an input concentration value is set to be In,
is a value set based on Thi=KixIn+ (Oa+Ob) * (1-Ki)/2-(0a-0i), Ki
being a real numbe; which is greater than or equal to zero and

i being an integer where 0<i<N-1.
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I being an integer where O<i N |.However, while what

is described in the Patent Docunent 1 solves a problem
wobosan4é78mge di stortion due to a delay in dot PCT/JP2005/020148

generation, it focuses attention on a single inmage or

on an output result in a single error-diffusion

process. Therefore, it doeSs-not address a problemof a

pseudocontour (a portion indicated wwth Rin FIG 11)

bei ng pr Od%%x)@'}e” 91 pd nipgrands corbipipgy Myl i pLe patent
use ge

error-diff i mages of when dividing a single ina

LRLBR IS 03 28,850 ST ki geaeaelisl 40 vo

dFseudo,—contour may be produced such as a portion _
eddvcateddfbt IHREGRtEPE, 1 dfecuscsonsteebagn on a single
generated too soon when the imges are adjoi ned even

imaege acdeloay am dottpyénerasibh 1o | aprovedesuehras-diffusion
portion indicated with Rin FIG 12. For a single

privegs s . dDhe geferat iion deeisngotdehayedsora | gaskh wm iof an pseudo-
i mge- edge portion does not tend to be visually

dongentorbapberiod BT edHOMeKER, 1AdFOENI DY) aking produced
conbi ni ng such i nages together as descri bed above

ﬁﬁ%ﬂs%ﬁj@iﬁfﬂge Ia 8%?%§F§§LnQﬁEHFEQSeEPO?féH¥kd§€d.%%%ges or

causes VI sua SCO en w a sna

i scontinuity, especially when hoth_of the baorder
STt e’ “ERES e elie, it oBObF P Tor SEieR o e to
reasons _as hol di ng down the anmount of menory used in
ROTeHL6FUHF 153 S 6P80é§§?sthere is

Thus, there is a problem in that a pseudo-contour
may be produced such as a portion indicated with R in FIG. 13
due to dots being generated too 'soon when the images are
adjoined even when a delay in dot generation is improved such
as a portion indicated with R in FIG. 12.
For a single image, dot generation being delayed or leading in
an image-edge portion does ﬂﬁot tend to Dbe wvisually
uncomfortable for humans. However, adjoining and combining
such images together as described above causes a tendency of
border portions to stand out and causes visual discomfort even
with a small discontinuity, especially when both of the border
portions are of the same tone.

Moreover, for such reasons as holding down the
amount of memory used in the error-diffusion process, there is
a case such that even a single image is divided into multiple

small areas so as to error-diffuse for each of the image units.
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a case such that even a single inmage is divided into
multiple small areas so as to error-diffuse for each

wobkookloes75Frage units.ln such a case, it is |ikeP@T/obea0s5/020148

the sane tone will continue in the process border so
that a delay or a lead in dot generation is prone to
beconing a problem There-$s a problemthat in such a
border at which the error-diffused i mage units adjoin,

14 $hEhPs shage §Hcgst2§keihefﬁéﬂst §ﬁﬁg3%éﬁg)4fil continue

portion indicated wt FIG 11) appears wh

ther is_a_delay in, dot e tion ile a_dens
e DrBsESra Rt onsPndiieh e WAIFR PR ﬁcﬁeié) in dot
pears when there is a Iead in dot generatlon
gBBSEEE%ﬁF&??JPfﬂ%E FRVERFPENY P (RTGXLSBF the probl ers
as described above, it is a general object of the
present | nVReTcon s @ Preklea &hatmigeppuebessibayder at which
apparatus, an image-form ng apparatus, and a program
theateproeveiitf fasstr iipegehaped psedjloiconboust ripeodegpe such
at a border where error-diffused processing units
t@ddkOtReré I D8N S asEHE RUY . (aSPoREibA [RALEL- SLGFAdAR AR FIG.
in the image quality of the processed image, making it
IHQS%p?:IeQrEOWWeW d§dlrae R ocegsidg i hiStl @%ﬁe@aubl@' fhile a
simal I'"areas so as to thereby enable a reduction In
nt f dvant s of, ti1
B et RTentigs afe BEPLIGTT AR FERAGHERET 501wl fre. 1
that follows, and.in zrt w |1 hecone aegarent from

BPREAGE LTINS G heead ity iGrera

DISCLOSURE OF THE INVENTION

In light of the problems as described above, it is
a general object of the present invention to provide an image-
processiné apparatus, an image-forming apparatus, and a
program that prevent a stripe-shaped pseudo-contour, produced
at a border yhere error-diffused processing units adjoin, from
standing out, so as to reduce degradation in the image quality
of the processed image, making it possible to divide the
processing units into multiple small areas so as to thereby
enable a reduction in the amount of memory use.

Features and advantages of the present invention
are set forth in the description that follows, and in part
will become apparent from the description and the accompanying

drawings, or may be learned by practice of the invention



drawi ngs, or may be | earned by practice of the

i nventi onaccording to the teachings provided in the
wae@onigss on. Objects as well as ot her featur eBCHARR005/020148

advant ages of the present invention will be realized

and attained by the imgeprocessing apparatus, the

i mage-form ng apparatus, and the programin the

specification in such full, clear, concise, and exact

: tp,en e : hayi di par Plh d. ..
éﬁ%%gﬁlﬁé o E%% éb#ﬁ?ﬁﬁﬁ%en?¥bggd9& fﬁ Ytﬁg éeééklptlon.

the art”to practice t on. To achi eve these

nd ot her advant ages d in_accordance with th
BEsE5e 1 "RIL ndani ST af2arbtr e iha SpraRGRges of the
descri bed herein, the invention provides as follows.
PKESEFEI AFVEBT HPFe Feht upe 6$a]t3lf?§‘£raé§€rﬁtqaﬁr\?@ﬁ‘t ifyn the image-
there is provided an image-processi ng apparatus for
ryegssEinag anpatatiueyel tiev lidagey fomyey dawainattysN and  the
val ues, where M>N>1, using a multi-|evel
progaandihif the ospee DEess ioh dnmsochuffaley agkear, concise, and
multi-level error nethod, including: neans for

dlcRUkbRg £9T t&Cina da Pdrizonhheking efdDiasl fdmisad in the
from al ready-quanti zed pixels therearound is added to

atzj%et@?kéc%f&@!tﬂﬂ%@eﬁ%@&énpf a pixel in question,

nmeans for setting a quantization-threshold val ue based

on the nultfélgy [, igagg data of.th %ixe

) . iev g?se %qg o) g gg%Q%%%%Fs (fnd in
questlon, neans or co I ng e corréectron an

t he quantizatjon-threshold value sp as to output )
PEUENCE nHyEN daks: PHAEOTR MG T0F AT ng Supiiodged and

gener at ed mhen(generatin% the N-level image data,
biieeddiyndescribed herein, the invention provides as follows.

According to one feature of the present infention,
there is provided an image-processing apparatus for quantizing
multi-level (M-level) image data into N values, where M>N>1,
using a multi-level error-diffusion process or a minimum-
average multi-level error method, including: means for
outputting correction data in which an error diffused from
already-quantized pixels therearound is added to tﬁe multi-
level image data of a pixel in question; means for setting a
quantization-threshold value based on the multi-level image
data of the pixel in question; means for comparing the
correction data and the gquantization-threshold value so as to
output N-level image data; and means for calculating an error
generated when generating the N-level image data, wherein,

assuming quantized values are 0, 1, 2, .., N-1, and tones of

the quantized wvalues are VO, V1, V2, .., VN-1, at least one
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assum ng quanti zed values are 0, 1, 2, ..., NI,
and tones of the quantized values are VO, M, V2, ...,

wobbos/046T55 | east onet hreshol d val ue Tha+i i n anPCTIENUFHI20148

between V and Va+i (where O<a<N-1) of at |east one
I nput val ue, when an input tone value is set to b e v
, 1s set based on equatiomB{1) : ((V-V ) (V a+i-Va)
/2) ))+V. ...(1). According to another feature of the

tREE8RAIAI QYL i BR,,, Lher g §n@é9¢féﬁe&e%émﬁ\%&a @ Ri,N9 (where
apparatus for quan%l zing input nulti-level (MI evelj

[ > .dat g i_nt val ues, er. N> Si ng.
R Aesd <E Parehrvit it Balss Spet " %bur tone vatue
.m ni pum average, nul ti-level error nethod and form ng
lénsfeﬁ'ab%%@i‘ﬁg Bt = haee % 6P ESPRRLCR o&e)afch of the N

val ues, including-~ nmeans for outputting correction

data in whiBh+aer t of —¥i)f (Vusela ¥ fDm)diVeead{l guant i zed

pi xel s therearound is added to the nulti-Ilevel image

data of a pordingquést i amotimeans fleatusett ofig &dhe present
guanti zati on-threshol d val ue based on the nmulti-Ievel
infrageienf a tbbrehe i gedvidediugst iigAgeFEaRRIA@r apparatus for
conparing the correction data and the

qﬁﬁﬁﬁiklgéiaq}{ﬁifteshﬂl@ﬂ%#@lSo(l\@sle_tv%l‘?Ut PHbgA l@¥&l into N

I mge d ; and neans for calculating an ertor

v\%ﬁﬂééat efhyuhen gaper at ingn:?he al\* En%‘i‘%k—i%@@f d@%gor—diffusion
erel n, "assum ng quantiZed values are 0 , 1 ] :

.., N1, and tones of the quantized values are VO

ByPCegs, O & \RETIGP 4VEIeEonBL i clFYR GaAFGE THEHied and
in an interval between V and Va+i (where Q0 a<N-1) _ of
fermiBgsfloABaPRpUtinGl dRES HEFharrassgpond to each of the N

values, including:' means for Voutputting correction data in
which an error diffused from already-quantized pixels
therearound is added to the multi-level image data of a pixel
in question; means for setting a quantization-threshold value
based on the multi-level image data of the pixel in question;

means for comparing the correction data and the quantization-
threshold value so as to output N-level image data; and means
for calculating an error generated when generating the N-level
image data, wherein, assuming quantized values are 0, 1, 2, ..,

N-1l, and tones of the quantized values are V0, V1, V2, .., VN-1,
at least one threshold value Thayy 1n an interval between V., and
Vas1 (where 0<a<N-1) of at least one input value, when an input
tone value is set to be Vv, is set based on equation (1):

Than=(y ((V=Va) (Va=Va) /2))) +Va ..(1).

According to another feature of the present
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tone value is set to be v, is set based on equation
(1): (vVa+l-V.) /2) ))+Va ...(1). According to another

wo e@bion@sdf the presentinvention, there i s proRCTaroes/ 020148
program for causing a conputer to execute a process of
quantizing multi-level (Mlevel) imge data into N
val ues, where M>N>1, usingP-a nulti-Ievel
errordi ffusi on process or a m ni num aver age

1H?1=_H: r?ve{:hgfé Of s {m%e %Clp%gg'}%m %o‘i‘o%%usgﬁgaaStc%ﬁputer

putting orr I on data i nwhich an error
dlffuse fron1a|read anti.zed pix her.ea nd
tBBHETLR | REPHATTTS 10 G A gangar AL bt SR e P igvel] inage
question; a code for a step of_ setting a

daaantmz@t iNonY & eshol Whess UdNakedudind he malti-lgyel error-
i mge data of the pixel in question; a code for a step

dof fushpar i PYPedss cor et | orindamum-anegrage multi-level error
quanti zation-threshol d value so as to output N-Ievel

mefhge, dahaludirth:a «oceld ofora stepemfofabwtthattiimg awrrection
error generated when generating the N-|level inmage

dd@hainWh@hiehNanaeswBl-Na;i geaséd Zedo ab UeSadf-@ufdnt ited Pixels
., N1, and tones of the quantized values are VO,

txg;éggound 1s|£% edatEoI tagﬂ%h %&%ﬁhQRgg%abgeaTB§+? pixel

I'n an I nterva et ween wher e a<N- |
| east. one |n ut, v , n_an 'ngﬁé%tone val ue

.at
et MG BEW 48t §se%l 8 “Bouiz e aTh%‘#aftl(Zatlon‘
%€§? va) va+| V) |/ Zh%%% ) +Vva ... #1, BRI E

th E‘ﬁ RIS BRAN Frylti-ieveh o Bﬁnaﬂa&ay of the
bl ock dlagran1for an i mage

pixel in question; a code for a step of comparing the
correction data and the quantization-threshold value so as to
output N-level image data; and a <code for a step of
calculating an error generated when generating the N-level
image data, wherein, assuming quantized values are 0, 1, 2, ..,
N-1, and tones of the quantized values are V0, V1, V2, .., VN-1,
at least one threshold value Tha+; in an interval between V, and
Va1 (Wwhere 0<a<N-1) of at least one input value, when an input

tone value is set to be Vv, is set based on equation (1):

Thasi= (4 ((V=Va) (Var=Va) /2)))+Va ..(1).

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an explanatory block diagram for an image
input/output system which includes an ° image-processing

apparatus to which the present invention is applied.
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I nput /output system which includes an
I mage- processi ng apparatus to which the present

WO pwefid7eh is applied.Fig. 2 is a functional bPODEP2005/020148

di agram of an i mage processor of the inmage-processing
apparatus that pertains to the present invention. Fig.
3 is an explanatory di agrah®whi ch i's made avail abl e

for explaining a three-level dot which is output at an

i mage- f or mgg, appayatys j t e veat Lan ;
Is applied. %9@4{?3%5{@% %I?]%lt ollrggoog'lE aé?%%w%rg 68" A image
exgl ainin an, exa error_coeffi C|tents % seti n ¢

PEBERFEr (BT G AR BrG oo Phe PRt obBgboPertalhs to

Fig. 5 is an explanatory side view for explaining an

t@?aﬁﬁ?%erb‘% PVEH&R sm secti on of the image-form ng
apparatus . Fig. 6 is an explanatory plan view of a

mai n part dfiad-he3mdchaansexpdanpbpryf diRgram which is made
i mage-form ng apparatus. Fig. 7 is an explanatory
apeiipetdi fer verpldixiirex pd athntasy l@vedndoguwatichn iegf catput at
recordi ng head of the nechani sm section of the

ah”&gégEOEBkﬁgn@pﬁ?békéﬁusth wBitB @Re€X¥Re@BatOriYvention is
perspective view for explaining another exanple of the

%gagéguratl on of the recording head of the nechanism
ction of the imge-form ng apparatus .

Fig. 4 is an explanatory diagram for explaining an
example of error coefficients for use in an error-diffusing
section of the image processor.

Fig. 5 is an explanatory side view for explaining
an example of a mechanism section of the image-forming
apparatus. |

Fig. 6 is an explanatory plan view of a main part
of thenmechanism section of the image-forming apparatus.

Fig. 7 1s an explanatory perspective view for
explaining a configurafion of a recording head of the
mechanism section of the image-forming apparatus.

Fig. B8 1s an explanatory perspective view for
explaining another example of the configuration of the
recording head of the mechanism section of the image-forming
apparatus.

Fig. 9 is an explanatory block diagram illustrating

an overview of a control section of the image-forming

apparatus.
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Fig. 9 is an explanatory block diagramillustrating an
overview of a control section of the inmge-formng

wappana7es. Fig. 10 is an expl anat ory di agram f B€T/JP2005/020148

explaining a delay in dot generation in a general
error-diffused image. Fig. 11 is an explanatory

di agram for expl ai ni ng a p$éudo-contour produced at
their conmon border, when the images in FIG 10 are

| aced in ap;@djphny ATBORE o ' n o
gxpl anat or yﬁh?agir%arr%éiq?al ust ratﬁnﬁgbgg éfg?g??@i %?ﬁsee%plamlng @
' e..n [ del ay i_n neration .
ITREbod e Higring 18 B S aP SRS Rk arisp inaoe.

expl ai ni n . pseudo- cont our produced at their common , |
bofder, \Mgweﬁl‘fhel}r MY e | FHERHAGATPFY afeaBF &R efiOT ne¥ptaining a
adj oi ni ng manner. BEST MODE FOR CARRYI NG OUT THE
DSQVERTFENCPRT t Heradiqeshi A, Ehebdi rRammerof bokdepr eseran  the
invention are described with reference to the
iregespanyFRG. di@vergplaEedstin an adipgeniingpuhastput

system conpri sing an i mage- processi ng appar at us

pertaining ¥igi he2 pesant expYenatOry | 8i8¢sas | DEMLWtdting an
reference to Fig. 1 . This inmage input /output system
SAM U3 esus88 iMBYET RAULNABRARALUSIel aYhiieh dot abddRMlion is
devi ce such as a Scanner or a digital "canmera; an
dBesRpocesssing apparatus 2 configured with a
personal "conputer, etc., which includes

Fig. 13 is an explanatory diagram for explaining a
pseudo-contour produced at their common border, when the

images in FIG. 12 are placed in an adjoining manner.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following, embodiments of the present
invention are described with reférence to the accompanying
dfawings. First, an image input/output system comprising an
image-processing apparatus pertaining to the present invention
is described with reference to Fig. 1.

This image input/output system comprises: an image-
input apparatus 1 which is an input device such as a scanner
or a digital <camera; an image-processsing apparatus 2
configured with a personal computer, etc., which includes
processing means for quantizing multi-level (M-level) image

data into N values (where M>N>1) using a multi-level error-
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processing neans for quantizing nmulti-level (Mlevel)

i mge data into N values (where M>N>1) using a
wonobio4d76vel errordiffusion process or a nultiPCEYEI005/020148

m ni nrum average error nethod for taking in input-inmage

(eg., 256-tone image for 8- bit accuracy) data from

t he i mage-input apparatus-12and performng on this

256-tone i mage data necessary processes such as

&Eﬁﬁﬁyﬂdhngpkgc@sguﬁh?repfnb@ﬂ?slébéfr‘ﬂlnﬂﬁ%mp0§§épa§ error
to output at a Iater-stage |nage output apparatus 50

rg%pa(raa?ﬂtfsp;@aﬁﬁé mgch@t?hlrn% gzg‘%e(’;g; St iR Ies for 8-

$ ssi_bl e _bas t he |nag data fromthe

QESSPERBLL P bpehaae B ys POV er 2RETABES 1 and
unit form ng an |nage hbxt a portion related to the
ReFGETRAGC €2 ﬁ&lﬁer%%ﬁ‘rﬁ%’@ t &g FPAE3ereqansaTl oprocesses
that is in the inmageprocessing apparatus 2 is
GH s hedowiatt ingf droe e enumbesr fain cttdrorsl whillabc ki tdi Bggrpossible
in Fig. 2 . The portion pertaining to the inmge
oy oot gat( bel dateefsiaRd inthRs- AR puUIBGPPREAEESSAr 'sh as to
conprises: an error nenory 11 for storing errors which

dapritbean thdgersadrand aaac il aieb 1audl & paratus 3 with
error-diffusion process preceding the curren pi xe

C@lddgr \hﬁ%&e@qugel %eﬁ%gg%i%Q{l&?t Egt q_r r eg% | Zé]edon the

ta |n ich an erro used ront rea quan
thergarou i s_read out frontthe er

ngthm
mar?o A5} ST g5Get dTRIPT PLPEGRFIII PRIRTT 1S m e“&&P& dots

of a , . .
per one-dot unit forming an image.

Next, a portion related to the image processing
pertaining to the present invention that is in the image-
processing apparatus 2 is explained with reference to a
functional-block diagram in Fig. 2.

The portion pertaining to the image processing
(below referred to as “an image processor”) comprises: an
error memory 11 for storing errors which have been diffused
and accumulated through an error-diffusion process preceding
the current pixel; an adder 12 which is means for outputting
correction data in which an error diffused from already-
quantized pixels therearound that is read out from the error
memory 1l is added to multi-level (M-level) image data of a
pixel in question that are input; a threshold-setting section
13 which is means for setting a quantization-threshold value

based on the multi-level image data of the pixel in gquestion;
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pi xel in question that are input; a threshol d-setting
section 13 which is neans for setting a
wQoe@aiezas i on-t hreshol d val ue based on the nul PCFIRE20e3/020148

i mage data of the pixel in question;conparing and
determ ni ng section 14 for conparing the correction

data fromthe adder 12 andl3he quantizationthreshold

val ue fromthe threshol d- setting section 13 so as to

I I g act.qr or,
C%H'F FL %Il_ngxgn gfg?%%“g'gl atas e togln glgner atrllc ngcotrrl?arlng the
N-| ev I ma dat an er u3|ng ection 16

qQEFeﬁg??%rH%ﬁ rgpro?h8|f7% ?%nq%és 9o %e TGyt zation-
fromthe subtractor 15 and diffusion coeff|C|ents set
threshoadcalyg %F%ﬂuﬂhQHﬁﬂrﬁjﬁPéﬂ Pﬁﬁﬁ%niw§ﬁﬁﬁﬁﬂﬂ'l3 so as to
multi-level image data are input fromthe inmage-input
cappataNodetelisimggandapput a t snlpfregtor7 1Hdfar, calsurlagfing an
t wo- di mensi onal inage data is represented as In (x,y).
goroghgeneaat edl drless denexratdnnsSthanNAeveY etiidgen ddtagn and an
i mge, while y shows an address in a sub-scanning

edirbs_cah@fluéir\/e%eae&bfoﬂ npgt rdat PesebriingXa¥) drior diffusion
provided to the adder 12, the adder 12 inputs an error

HRQERONgAHt t%e(XSX%:?ill | 5}& ednko & E‘lﬁ‘tat 20 {cﬁgt 18 Xglluﬁo%lffus:mn

of the errors use and accunu rough t
JEQL - dl%{ sé@ process grecedlng the current pixel
CFh§ are’stored &Ff or menory 11 so as to add

the error conponent to t he i nput,k data set In (X, X%g
out put t he Htd@dSHERTFPIEEIF b HERGS ot QAR5 Vet Ay level

iﬁééﬁ data are input from the image-input apparatus 1 using an
input terminal 17. Here, a set of two-dimensional image data
is represented as In (x,y). (x shows an address in a main-
scanning direction of an image, while y shows an address in a
sub-scanning direction.)

When the input data set In (x,y) is provided to the
adder 12, the adder 12 inputs an error component E (x,y)
allocated to the current pixel out of the errors diffused and
accumulated through the error-diffusion process preceding the
current pixel that are stored in the error memory 11 so as to
add the érror component to the input data set In (x,y) and
output the added result as a correction data set C (x,y).

Moreover, the input data set In (x,y) 1s input to
the threshold-value setting section 13 wherein a threshold
value Th (x,y)} for use in. a multi-level error-diffusion

process pertaining to the present invention is set.



10

15

20

Moreover, the input data set In (x,y) is input to the
t hreshol d-val ue setting section 13 wherein a threshold

WO 200d@46785 (x,y) for use in a multi-|evel PCT/JP2005/020148

error-diffusion process pertaining to the present
invention is set.Note that, while the nunber of
possi bl e tones that the inkfe- form ng apparatus-3 can
output is described as three-level for sinplifying the

expl anat i 0"}\10 an %ﬁ;a %ﬁ&gftﬁé RQHhe f%oé”sﬂﬂ@ecron%fs that

tones ot her t ree evel s sim y appl |ca

reover i_mage-formn ppar at us 3 |s tg usg

i IO FBREEATET t 7 | HRAY Tt ten oo ngTded s
ink diluted to 1/4 is to be_ used._Furthernore,, as
thregsieuebdteh FRplifvinghEhPnagRl#RR Moy dprpaersat%éna@ter of
is to represent the three levels as a dot off (0),
damdeenEWQQ/iankndmbe(l)qfzaﬁ@nﬁsno¢thﬂrilﬂba@ottb2§es&ﬁvel is
an explanation is provided with a dot-off (0)

stied@aydy uepVDE€abke | oMetemsint,y ik - i gd-llortdng- \eppaeatus 3
VI =64, and a normal ink-dot (2) toneval ue V2=255.

ider® wdd ha aRokm@Ut ihRNEaMal He 1k@-BenY¥ityt ARkt Hoeshaliegh the
value Th is set according to an equation as stated

n%‘:acng\ﬂ’ Jﬂlﬂ( Ei)tlz@ﬁtg‘@r W@n 1% 1806eY) usedt FRBERSPBRLEL, as

ues y) an are set accordlng to
(2 3 T
Io S )1}1 a@@( %(2) \évzl(ma%e)(-)%&%rwg éagrg¥u )3 is to

represent the three levels as a dot off (0), a low-density ink

dot (1), and a normal ink dot (2) so an explanation is'
provided with a dot—_off (0) tone-value V0=0, a low-density
ink-dot (1) tone-value V1=64, and a normal ink-dot (2) tone-
value V2=255.

Here, with an input tone value being Vv , the
threshold value Th is set according to an equation as stated
below. In other words, |

When 0<In(x,y) £64, threshold values Thl(x,y) and
Th2 (x,y) are set according to equations (2) and (3) below:

Thl (x,y)=(x ((V-V0) (V1-V0)/2)))+V0 ..(2)

Th2 (x,y)=(V1+Vv2) /2 . (3)
Moreover, when 64<In(x,y) < 255, the threshold
values Thl(x,y) and Th2(x,y) are set according to equations

(4) and (5) below:

Thl (x,y)=(V0+V1) /2 . (4)
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Mor eover, when 64<ln(x,y) < 255, the threshold val ues
Thl (x,y) and Th2(x,y) are set according to equations

wQ@ 4)oeametsy 5) bel ow. Thl (x,y) = (VO+VI)/2 ... (4pC(/W2005020148

(V2-V1)/2)))+M1 ...(2) In other words, when the input

data set In(x,y) is 0 <In(x,y) 64, the threshold

value Thl (x,y) which is sef-with the equation (2) and

the input data set In(x,y) and the threshold value
Th2(x,y) is set rw t| and

i nput datgh%% ‘?9§MQ :Q \ggﬁﬁvé??)g§%put the
conpari ng d tern1n|ng section eover n .
the input 3&1&’ Vﬁf Sy)wﬁ§n65Q?n%§P§5 @eqﬁﬁ%(x,y) 18
t hreshol d val ue Thl which is set with the ,
Osliatx.on 4%/ akbet ﬁér?ﬁ%@&d g8 s eth] (3 w)y Whighd isheet with
t hreshol d val ue Th2(x,y) which is set with the
tbguadquaTi(B) 4nd tamel | Dpeit iggpus sdatd néety)lmixy), and the
respectively output to the conparing and deterni ning
theebhohd 14altbe ThQRAY) nghasH det es¢d NikDgh SeRéi @dquidion (3)
determ nes as follows an output-concentration val ue

aQdt (heY)inBasedaen Qeﬁoﬁﬁ?ﬁtjz?naﬁétﬁeﬁ%ctci(@éw) oMtbeR to the

is the input data set added with the error

c$m§?¥ln? %%ggﬁéggiﬁfoﬁ%h%%@thhufﬁ Tﬂ% é&ﬁé@ Euﬂén the input

are set “at” the thréshold-sett'i
Sestion 13 LF (XX G% Y1) < 256, the threshold value

Thl(x,y) which is set with the equation (4) and the input data
set In(x,y), and the threshold value Th2(x,y) which is 'set
with the equation (5) and the input data set In(x,y) are
respectively output to the comparing and determining section
14.

The comparing and determining section 14 determines
as follows an output-concentration wvalue Out(x,y) based on a
correction data set C(x,y) which is the input data set In(x,y)
added with the error E(x,y) and on the threshold wvalues
Thl(x,y) and Th2(x,y) which are set at the threshold-setting
section 13:

If (C(x,y)<Thl(x,y))

then Out (x,y)=0

Else If (C(x,y)<Th2(x,y))

then Out (x,y)=64

Eise

Then Out (x,y)=255



10

15

20

25

then Qut (x,y)=0 Else If (C(x,y)<Th2(x,y) ) then Cut

(x,y)=64 El se Then Qut(x,y)=255This Qut(x,y) is output
WO 000bl0es75Frage- out put apparatus 3 from an out puPCT/JP2005/020148

term nal 18. Moreover, the output value Qut(x,y) is

Input to a subtractor 15 where the output val ue input

is subtracted fromthe cotk®ction data C(x,y) so that

the error e(x,y) produced at the current pixel is

cal cul at ed. T t 1&3( g.l)on 14 ffysion CQ%ff' ent g, 5 é%—output

i n advance, error- ffu3|ng section 16 ocat

th bt 15 t dd
SPPaFgLne eé%rf B PATRGE TR} ndbmil at 0 55,09,

error nmenory 11. Here, the follomnng process is
Mﬁé?%?ﬁedtl’lﬁ PHEPEFrBPlH?fPH*élﬁgY)seé?l dAPYE RKRed Igactor
coefficients as shown in Fig. 4 for the diffusion
1looethereernthe fomtpukanpaiue E(3nppd ) 2B( xsybtyaefed y)from the
X7/16 E(x+l,y-1)=E(x+l,y-1)+e(x,y) x3/16

cE&XebtyéEEﬁath v)(xeyx, ﬁb XFak6 the error e(x,y) produced at
E(x+l,y+l)=E(x+l ,y+l)+e(x,y) xl/16 Then, error data

tﬁéoguﬁﬁgntrbiﬁér5r%rbﬁﬂcgléﬁé@lOn process are Stored in
the error nenory 11.

Next, based on diffusion coefficients set in
advance, the error-diffusing section 16 allocates the error
e(x,y) from the subtractor 15 so as to add it to the error
data set E(x,y) accumulated in the error memory 11. Here, the
following process is performed in the error—diffusing section
16 when wusing coefficients as shown in Fig. 4 for the
diffusion coefficients, for example:

E(x,y+1)=E(x,y+l)+e(x,y)x7/16

E(x+1l,y-1)=E (x+1,y-1)+e(x,y)x3/16

E(x+1l,y)=E(x+1,y)+e(x,y)X5/16

E(x+1,y+1)=E(x+1,y+1)+e(x,y)x1/16

Then, error data produced in this error-diffusion
process are stored in the error memory 11.

Thus, this image-processing apparatus comprises
means for outputting correction data in which an error
diffused from already-quantized pixels therearound is added to
multi-level image data of a pixel in question when quantizing
multi-level (M-level) image data into N values (where M>N>1)

using a multi-level error-diffusion process; means for setting
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Thus, this inmage-processing apparatus conprises neans
for outputting correction data in which an error

waldoboseds f rom al ready- quanti zed pi xel s t her eapOLIRL00F020148

added to nulti-level image data of a pixel in question
when quantizing multi-level (Mlevel) inmage data into
N val ues (where M>N>1) usth@-a nmulti-| evel
error-diffusion process; neans for settinga

aﬁ#ﬁ%&&%@hk98ﬁ1€ﬁfggﬂgﬂa‘ﬁ%ﬂﬁ%kﬁ%g@é o e MUidi18Yeh image

e data of the pixel 1n question; neans for

nparin e cqrrection_data. and the .
BRAnCPharTih dhirednot varaecidas Ensu SOF \EPmRARinG the
i mage, data; and ans for calculating an error

CﬁéﬁgFSiL%l HRER BRAeFaE| H@a?hjezﬁlloé\/‘é‘l%rﬁﬁﬁaiddX?%\Pel go as to
the i mage-processing apparatus as described above,

ox&puli Nglauaht ivege vadtes ane means forp calculatyng an error
and tones of the quantized values are VO, M, V2, ...,
g¥Nelratat |wast ogeeetatisiolthevaNudeTdh+iimageandata. In the
i nterval between Va and Va+i (where Oa<N-|1) of at

imaastpedees sy vapperaten as i Rledribeg Valbdee, S SBisuming
to be v, is set based on the equation below (( -Va)

Ju¥at1z¥@) [ValddstVare - -0, ( 1), Hepeby, aR-int epl 8hedotor the
generation in a border portion of ‘an error-diffusion

BS58R] ORI SO, LA, LyBessl i O Bt one

ERER R SR TR R L —
err%%agiL%ﬁ%ﬁnaggégygéégiééég(¥§§ue?nghggdg§i{g%é% tone value
is set to be v, is set based on the eduation below:

Tharr=(y  ((V=Va) (Van=Va) /2))) +Va  ..(1)

Hereby, an interval of dot generation in a border
portion of an error-diffusion process is optimized, making it
possible to minimize pseudo—contours produced at a border when
multiple error-diffused images are adjoined or when a single
image is divided into multiple areas so as to error-diffuse
the multiple areas; and reducing a degradation in the image
quality of the processed image (improving the image quality of
the processed image) so as to make it possible to divide the
processing units into multiple small areas, thereby enabling a
reduction in the amount of memory used. In other words,
setting an interval between an image-border portion and where

a dot 1is generated in a tone of an input value with the

average dot interval in that tone as a reference, makes it
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qual ity of the processed i mage (inproving the inmage
gquality of the processed imge) so as to nake it

w@omsiold7es t o di vi de the processing units into Pol/gP200%020148

smal | areas, thereby enabling a reduction in the
amount of nenory used. In other words, setting an
i nterval between an i mage-b®fr der portion and where a
dot is generated in a tone of an input value with the

- { eryv a r n ;
MR8, oL PR o rubte I, LA ISl SN By tnrervals
(ot intervals become uniformeven at the inage-border c
F6PEPort i dS s T 7br BVerltPa SPPERER gportion, So as to
pseudo- cont our produced at a border where jnmges
PXGV6PE & ofit SIRGTRNAPSSutDSHRP O et c P TYEegFadt | ®n Porder
in or inprove the image quality of the processed
viherge, imagésg ddiqiossifibbs tetandinge tows,prendssimg reduce a
units into nultiple small areas so as to thereby
degabbet dor ediic brorimprotrbe thsouniagef gualitry wsecthd processed
this case, as described above, setting the threshold

ivabee hagedqgontt Besabeyve eguatvide (dle ObdcaiBRg ivhits into
the 1 nput value iInterval between Va and Va+i (where O

[ I i sl h onst ;
oFibaple SURILBEC IS 2t o) RHORLLY NaRa€0R" AL cKEon 5n

X fungtign ff gettin% t.he threshol d valhe based on the
oFBCBAbaTY DY WSEH an arbitrary constant Ka as a

border makes it possible to avaid a detrinental effect
caused by sBttithgSt hE28%r eSS0l HEFEF HREDHaSOPVEN t HRtting the

above eguation (1) when convoluting to the
threshold value based on the above equation (1) only when, in

the input value interval between V; and Va1 (where 0<a<N-1),
the input wvalue Vv 1s larger than a constant K, (where
Va<Ka<Va+1), or in other words, deactivating a function of
setting the threshold value based on the abo&e equation (1)
with an arbitrary constant K, as a border makes it possible to
avoid a detrimental effect caused by setting the threshold
value based on the above equation (1) when convoluting to the
input value variable elements such as random noise, blue noise,
and white noise, etc. in error diffusion.

Moreover, obtaining threshold wvalues Thl(xX,y) and
Th2 (x,y) from the equations (2) through (5) and the input
value through & sequential process in the above embodiment
makes it possible to save memory in that a LUT (Look-Up Table)
for keeping threshold values is not needed. On the other hand,

computing threshold wvalues Thl and Th2 in advance for input-



I nput val ue variable el ements such as random noi se,

bl ue noi se, and white noise, etc. in error diffusion.
woReowssy obt ai ni ng threshol d val ues Thl (X, yRCHEIRL005/020148

Th2(x,y) fromthe equations (2) through (5) and the

I nput val ue through a sequential process in the above

enbodi mnent nakes it possibl® to save nenory in that a

LUT- (Look-Up Table) for keeping threshold values is

ATESipon S e (BTN e 1or <o

al'ues ance I nput val ue 2

and_storing the co ted results in the LUT so_as t
afset? hé'& of B r%??egs Fory ot a%ﬁanOI?rl(f?elWesﬁ%? d threshold
val ues neke it possible to speed up the process.
VRARERPAE? eit WNSdPAR ERafpfed 0P Eef BERFR§Sa
multi-level error-diffusion process is described in
t he above dibdierpwtre,a ehske ofarusiexgralei npfurperforming a
average nmulti-level error nmethod is simlarly

5 mapplirtabée asraetdifNedion aroexasplie aesatibed in the above
i mge-form ng apparatus pertaining to the present

drB¥aRhERP, | 5 desski bedl Wisingr eh erngnGeni abkdsge S mNd i61evel
. Note that Fig. 5 is an explanatory side view for

e?iB'r%?’&H&d% %‘&%ﬁ%‘a‘rlgo%éaggé%ﬁlge?% Ofychhe

i mage-form ng appar at u i's an expl anatory

pl an view in_part of the i.mage-f.orm ng apparatus.
s 1l or Abage SR, S o eAgs tpegtny " dfbaratus
supported with a guide rod 101 and a guide rail 102 .
DRACERNARS ghPde tRENDATESEREd 4EVEES18T de 15| atd8SFrhPERe With
| eft and the

10 reference to Figs. 5 and 6. Note that Fig. 5 is an explanatory

side view for explaining an overall configuration of the
image-forming apparatus while Fig. 6 1is an explanatory plan
viéw of main part of the image-forming apparatus.
In this image-forming apparatus a carriage 103 is
15 supported with a guide rod 101 and a guide rail 102 which are
guide members laid across side plates on the 1left and the
right (not illustrated) such that it can slide in main-
scanning directions, and a main scanning motor 104 moves and
scans in arrow-indicated directions (the main-scanning
20 directions) in Fig. 6 via avtiming belt 105 which is wound
around a drive pulley 106A and a driven pulley 106B.
For example as illustrated in Fig. 7, recording
heads 107 are arranged in this carriage 103 in directions
along the main-scanning directions and are put thereon such

25 that 1liquid dispensing is in a downward direction, the
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right (not illustrated) such that it can slide in
mai nscanni ng directions, and a main scanning notor 104

wOoRwes4@rtl scans in arrowindi cated directi onsPCT/R2005/020148

mai n-scanning directions) in Fig. 6 via a timng belt
105 which is wound around a drive pulley 106A and a
driven pulley 106B. For exa0ple as illustrated in Fig.
7 , recording heads 107 are arranged in this carriage
ik 0 I h ' [ ti
réggraﬂng &%%Ph 729 Egﬁ?}?u%%g gkgﬂ ge&%ﬁ L1 ﬁendent

ereon suc |spen3|ng i's

3G S e tlﬂﬁf oo v ll?%peﬁ@”’ﬂg 1071,

heads 107k, 107c, 107m 107 1071c, 1071”H and 1071y _
apgr WP&hendiorg fispeRvd efépmnn@% Pnkdroplets (ink
droplets) of recording |iquids of each color of bl ack
dikpletsyarmf( QecontdggntlaliqN)ds, gl keah( Yolorl ight btgak (K),
(LC) , light magenta (LM , and light yellow (LY) .

chiahe tdygt whgeetd ndependesiildw quyd; dilspansidyarheads), light
are used herein, it is also possible to use one or

mABEAt A aLhs) haa/ddnql ket ;,zehgo@ome col umms for
di'spensing l'iquid droplets of recordlng l'i quids of

each col or eo t nber ar |
order of cof%?é a?%g%otaﬁfggte gﬁ éﬁ% cr?k?%fpeHSlng

that a f or head confiquration. f
ngadiorEe pesh, Eargﬁérsf’%r el atie fé’%s'# raﬁ?‘”flﬁsge e or more

FurthernDre yel l ow dot in _a highlighted portion ,
hgadsa }b’%‘ﬁﬂé-’rt?u%?oﬂ’rlei haPzriei CHiumnscuf et t 611§s@nswg,mhquld
yel | ow

droplets of recording liquids of each color. Moreover, the
number and the arranged order of colors are not limited to
what is described above so that a  four-color head
configuration, for example, is also possible as illustrated in
Fig. 8. Furthermore, as a yellow dot in é highlighted portion
has a property such that it is difficult to see, light yellow
(LY) may also be omitted. Even more, the concentration of each
color of light black, cyan, magenta, yellow, and black may be
divided into three/four stages so as to achieve a high picture
quality.

Any of the following may be used as actuators for
the recording heads 107, what may be used are: a so-called
piezo-type for deforming a vibrating plate which forms a wall
face of an ink flow rbute using an electro-mechanical
converting element such as a piezoelectric element as

pressure—-generating means - for pressurizing ink within a
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(LY) may also be omtted. Even nore, the concentration
of each color of light black, cyan, magenta, yell ow,

war@oelohask nmay be divided into threel/four stagecT/sRR06%020148

to achieve a high picture quality. Any of the
foll ow ng may be used as actuators for the recording
heads 107, what may be use2llare: a so-called

pi ezo-type for deforming a vibrating plate which forns

p?le\é@l.lklgf'ﬁ{—ffqlﬁa 'Me%w éc?u'é? Y NGy the volume within
él"ectro-nmethani ¢cal converting element sSuch as a

i ezpel ectric el enent as pressure-genetating neans for
tBeb oLt | Y | BRI ¢ FiPn SGTRRAAR | 3iRg. 41 HRRaE Sehafbeio-called
so as_to vary the volunme within the ink flowroute to _
thespahsEYPRk FroplEidizango- Ealn edaiddpngal of ypehe orrecording
utilizing filmboiling of the recording liquid using
laquébectsiogt lker rellectawrthermgl eceneatt snghedsment such as a
heat - di ssi pating resistor; a so-called

hebectli ssipdt ind ypesitomr rangbAgalhed vé béd i apliat-@ype for
which forns the wall face of the ink flow route, and

a81a8LeRYT PHe Shotdaing haktbaghiBACRoLhY h&Nfh11l face of the
deform ng the vibrating plate with an electrostatic
e

ih®' %ﬁog}e@%ﬁt@%ed g&t %eglég@r%éé)\r/%f i{}gat‘p!t?fﬁ%/naft%éet I%%(ch other

a
ectrode, éreby varying the ume W

flow route so _as to. dispense the ink droplets; and.a
0rbSEERERORS BT o LBEE bLRr DY S LSk et LTS ifiugt 1o force
transition through varying tenperatures. In the

%ERerrage 102CvWeaTht AhRs ToBTatidcPliedicor 2rgr EhpplsAsrgrode,
the recordi ng heads 107 the correspondi ng col or

thereby varying the volume within the ink flow route so as to

dispense the ink droplets; and a shape-memory alloy actuator
whicﬁ uses metal-phase transition through varying temperatures.
In the carriage 103, subtanks 108 of each color
for supplying the recording heads 107 the corresponding color
are loaded. These subtanks 108 are replenished with ink
supplied via an ink—supplyihg tube 109 from a main tank (not
illustrated) which is Aetachably put on the apparatus itself.
On the other hand, as a paper-feeding section for
feeding sheets of paper 112 loaded on a paper-loading section
(2 pressure plate) 111 such as a paper-feeding cassette 110,
there are configured a half moon-shaped roller (a paper-
feeding roller) 113 for separately feeding sheet by sheet the
sheets of paper 112 from the paper-locading section 111; and a
separating pad 114 facing the paper-feeding roller 113 that is

made of a material having a large friction coefficient. The
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are | oaded. These subtanks 108 are replenished wth
i nk supplied via an ink-supplying tube 109 froma main

wo 2006/0§6163 i | | ustrated) which is detachably pupPCDIP20652020148

apparatus itself. On the other hand, as a
paper - feedi ng section for feeding sheets of paper 112
| oaded on a paper-1|oadi ng-82¢tion (a pressure plate)
111 such as a paper-feeding cassette 110, there are

tigured ashalf . eedi
B e g 5B o T i RGO By EhEg, der 112

sheets of paper 112 fromthe paper-1|oading section

?ﬁff; and a separating pad 114 facing the paper-feeding
roller 113 that is nmade of a material having a | arge
friction colf PEVEHLNI TIRESEPAPationy FRRVEMEANY s %@agéé lower
to the paper-feeding roller 113 side. A conveying

siglet iafh fhe cteevedinm, head t he7) oWee shdetsf ofhgaper 112 fed
recordi ng head 107, the sheets of paper 112 fed from

fireirs flaiper phpett figedian] | SEcEiIr co\SEigeconNdeHongehehly belt
121 for electrostatically attracting the sheets of

mr)eforlléléét@%tta%%gmwyafth%Hbt-ﬁugiomée@héehbebfl%%per 112
for conveying the sheets of paper 122 fed fromthe

JPRE '€c?$w&’n%:rgxék&§eﬁ?ﬁén%” & ﬁo&t%ij dreollije?béﬂltt? Eél‘f‘;cnc',éﬁlﬁ‘éying the

are sand bet ween the conveyl ng

i.tsel f; conveyi ujde 123 for_changi ng,.b . .
UEREFalofy 0 Foghos o drT L TEh BIPShe SHadEs ssetion via a
paper 112 which are fed in a generally upward ,
idectlilon sychadhes €Q@§eaFﬁeﬁ?PGW%6P$%mP%ﬁW?%% the conveying
conveying belt 121; and a tippressuri zing

belt 121 and itself; a conveying guide 123 for changing by

generally 90 degrees a direction of the sheets of paper 112
which are fed in a generally upward direction so as to cause
them to follow on the conveying belt 121; and a tip-
pressurizing roller 125 biased to the conveying-belt side 121
with a fastening member 124. There 1is also configured a
charging roller 126 which 1is charging means for charging a
surface of the conveying belt 121. |

Now, the endless conveying belt 121 1is wound
around a conveying roller 127 and a tension roller 128 so that
the conveying roller 127 is rotated from a sub-scanning roller
131 via a timing belt 132 and a timing roller 133, thereby
providing for it to continuously move around in a belt-
conveying direction (the sub-scanning direction) in Fig. 6.
Note that a guide member 129 corresponding to an image-forming

region by the recording head 107 is arranged on the back-face
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roller 125 biased to the conveying-belt side 121 with

a fastening nenber 124. There is also configured a
web@o@id1gs rol | er 126 which is chargi ng neans fBCT/JP2005/020148

charging a surface of the conveying belt 121. Now, the

endl ess conveying belt 121 is wound around a conveyi ng

roller 127 and a tension ¢#®B+er 128 so that the

conveying roller 127 is rotated froma sub-scanni ng

S&gg{gghé§& §g€?§¥£ﬁ§r%gng§bi 132 and a timng roller

reb r ofr ‘It to continuously nove

around in bel t.conveyi n irection (the sup-scanning .

G recti on) TiF HIFTHTS RGLLeEnaeb oyttt fetb oA with a
corresponding to an i mage-form ng region by the

suEéaFdi AgYREaaf10kei sonyediRe DI t)r?gl b kaFzassiddesush that
the conveying belt 121. The charging roller 126 which

ijts iisn dodveacbywithe &asgehbtel| dimeanfmeterc oy eshengeonveying
belt 121 is arranged such that it is driven by the

veanganti ao ldshery rodadten a@fd tdppldiesvey Rgchelehdld¥ S@s axle
as to rotate and applies to each end of its axle 2.5 N

-as, grggs'pgsgfﬁéxfoﬂggneover, a paper-outputting
section for outputting the sheets of paper 112 that

are recordeﬁ#fgoJ recgrdi g@?ggugﬁétgﬁﬂgrisggétﬁon for

separating claw 151 for sepadrating egets of ‘paper

Fhpert b pitel ROFOF &F FEPndi i Hiporare recorded at the
paperoutputting roller 153; and a paper-outputting
nggydgag head ™ 107 comprises: a separating claw 151 for
separating the sheets of paper 112 from the. conveying belt
121; a lower paper-outputting roller 152 and an upper paper-
outputting roller 153; and a paper-outputting tray for
stocking the sheets of paper 111 dutput. |

Furthermore, a both-side paper-feeding unit 155 is
detachably put on the back. This both-side paper-feeding unit
155 takes in the sheets of paper 112 that are returned with a
rotation in a reverse direction of the conveying belt 121 so
as to turn them upside down to again be fed between the
counter roller 122 and the conveying belt 121.

In the image-forming apparatus thus configured,
the sheets of paper 112 are separately fed from the paper-
feeding section sheet by sheet, the sheets of paper 112 that
are fed in the generally-upward direétion are guided with the

guide 115 and are conveyed such that they are sandwiched

between the conveying belt 121 and the counter roller 122.



10

15

20

25

stocking the sheets of paper 111 output. Furthernore,
a bot h-side paper-feeding unit 155 is detachably put

wonotkslesBRCck. Thi s bot h-si de paper-feedi ng uni PC/3B2005/020148

takes in the sheets of paper 112 that are returned
wth arotation in a reverse direction of the
conveying belt 121 so as t»4turn them upsi de down to
agai n be fed between the counter roller 122 and the

gnyey | t i g ar S :
f’ cioen (ér e(a&g?l%e ﬁee {@‘Saﬁ H%@Z @?ﬁ’i ehd conveying
separa fed fro feedln sectian she .
Yheet 1 &Shé OshBete g% gaﬁg?gé.zt?rﬁﬁ T FRd nhﬁﬁ% 1 witn
generally upward dlrectlon are guided wth the quide '

&5 Rt rnes séoav eyrdd esuch?t handt Hée afeneadv cAégection is
bet ween the conveying belt 121 and the counter roller
chafgeliehby doadialdye@fedeareedurther guided with the
conveying guide 123 so as to be fastened to the

conveyi ng hedde,12knwW bhtéhgatiny presSsang okl edpdled by a
and the conveying direction is changed by generally 90

c@%%8§s cifeler Ahod! Lermakiragup! t5em i sn apelh ek byugply to
control circuit (not illustrated) fron1an AC- bi as

tgxgppér}éiquéheroﬁq%Egll% r érl(? htﬂ'g(st: %_ILH? ey e},ilzrig becomes

comes char géd an al

har d volta e pattern, or a attern

BEBERY Yl { £Ge AMEEIHIGH | § a&%??a@%@ee "Bhtfern, or a
alternatel applled to predeterm ned widths in bands
PEHLeKB SUShsddi®t iy BPPREITONVAAERSPE i 3ngh@ negative voltage
conveyi ng-belt 121
are alternately applied to predetermined widths in bands in

the sub-scanning direction which is the conveying-belt 121
movement direction. When the sheets of paper 112 are fed onto
the conveying belt 121 which is alternately charged with tﬁe
positive voltage and the negative voltage, the sheets of paper
112 are electrostatically attracted to the conveying belt 121,
and are conveyed 1in the sub—scanning direction with the
movement of the conveying belt 121.

Then, by driving the recording heads 107 depending
on the image data from the image-processing apparatus 2 while
moving the carriage 103 in outbound and inbound directions,
ink droplets are dispensed on one of the sheets of paper 112
at rest so as to record the space corresponding to one line
and, after conveying the one sheet of paper 112 by a
predetermined amount, recording for the next line is performed.

Once a recording-completion signal or a signal that the
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novenent direction. When the sheets of paper 112 are
fed onto the conveying belt 121 which is alternately
web@cectsini t h the positive voltage and t he neghPCT/R2005/020148
vol tage, the sheets of paper 112 are electrostatically
attracted to the conveying belt 121, and are conveyed
in the sub-scanning directi®sn with the novenent of the
conveyi ng beIt 121. Then, by driving the recording
hea $,40L [ 0 he i_nege 0 h
tPaaging seeEo ety Uik abab e %ﬁfda{%%e%gq?%e%aasr e |
103 in outbound and i nbound directions, ink dro ,
rgrerdiiperSddon dfe BFCEhEDNe of Spapetnd 1 Eﬁratlon 1S
rest so as to record the space_corresponding to one
termenaked apdetheormngyishpatheobnpaBptet 16f iFapettpouty to the
by a predeterm ned anount, recording for the next line
phpepeomtpuuningJMIeyalBécording-conpletion signal or a
signal that thetrailing edge of the one sheet of paper
112 has reawe@dvar,ecof dantdRgi 60 iprihecAgvesbtH heides, by
recordi ng operation is term nated and the one sheet of

rB@Q@[n&l’ghé ScOWSHnd Bdife Papel; HPUdddiEd I@ket?4on when
Moreover, in a case of printing both sides, by

gggg&%{l‘% cgpetr?eoryr%ﬁtngfa%%l t(alﬁéc%rvgfx]?&% ;J‘g%ef{éﬁ}taege first) is

rrec n - when recordlng of "t
ted fi fi hed, t ded, .
iReERe o Bhaperceided BrpREe | ffo AARETbOLY STk fepeinto the

feedlng unlt 155, and the sheets of paper 112 are

bpihng#de pRARRT dERRfincheidc i SPac@nds ther sheele #F paper 112
agglghiggd upside down (the back face is set to be a printing
face) so as to be again fed between the counter roller 122 and
the conveying belt 121, a timihg control is performed, and the
sheets of paper 112 are conveyed on the conveying belt 121 as
described above so as to be recorded on the back face after
which they are output to the paper-outputting tray 154.

Next, an overview of a control section of this
im%ge—forming apparatus is described with reference to Fig. 9;
No£e that this diagram is an explanatory block diagram
illustrating an overview of the control section.

This control section 200 comprises a CPU 201 which
is responsible for controlling the overall apparatus; a ROM
202 for storing programs which the CPU 201 executes and other
fixed data; a RAM 203 for temporarily storing image data,

etc.; a non-volatile memory (NVRAM) for keeping data even

during the period in which the power of the apparatus is shut
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face) so as to be again fed between the counter roller
122 and the conveying belt 121, a timng control is

w@eotbondresl, and the sheets of paper 112 are CcOPGEYEN03020148

t he conveying belt 121 as descri bed above so as to be
recorded on the back face after which they are out put
to the paper-outputting tra§-154. Next, an overview of
a control section of this inage-form ng apparatus is

Ccripgd. w e I ; e t.hi ;
e BTl AR S0 P P fing re k00 Pe L ilsessing
an qveryview of, the control_ section. This control, .
et n BR%° cgﬁ%?f seT2ge CPGOSE TS HRP c A OFs RESFoRe Al Sorting,
for controlling the overall apparatus;. a ROM 202 for

e$Cor i RGIPPEGFERELINBI eAPYRECWRY DB IadSutier HRNGORdANT the
fixed data; a RAM 203 for tenporarily storing inage

wiatile, apparatws non-vol atile nmenory (NVRAM for keeping

‘data even during the period in which the power of the

appar at us iMorsduttedgwnthiend cant ASL Cs2@% ibar 20 f ebimbhdses an
various signal processing on the inmage data, inmage

IPFOCR%S Mg fUnPRlS/Qebkngi 8§ HhPY, aBHCsigABYs with the host
processi ng i nput /output signals for controlling the

s4g! e, AppAT aiél‘f';nz'(\)’?n?g%eéroé@é%@”%ﬁ:ﬁkréﬁgéi 0204  gata-

conpri ses an endi ng/ receiving data and
signals with the host side which_ is an .
G0 R BVEPAGC AR haP HF s Cor aPHETaNT boBREPHEET @ drive
wg?rg%é%ta\l}lgeasé%%go%s 2a07pe1r‘fggn%|engga lijrtlgr ;a adrive waveform for
driving the recording heads 107; a head driver 208 for driving
and controlling the recording heads 107; a driver for main-
scanning motor 211 for driving the main-scanning motor 104; a
driver for sub-scanning motor 213 for driving the sub-scanning
motor 131; an AC-bias supply 214 for supplying an AC-bias
voltage to the charging roller 126; and an I/0 216 for
inputting sense signals from various sensors (not illustrated).

Moreover, an operation panel 217 for inputting and
displaying information necessary for this apparatus is
connected to this control section 200.

Now, the control section 200 receives at the I/F
206 via a cable or a network printing data including image
data from the host side such as the image-processing apparatus
2 such as the personal computer.

Then, the CPU 201 reads out and analyzes the

printing data within a receive buffer included in the I/F 206,
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generator 207 for generating a drive waveform for
driving the recordi ng heads 107; a head driver 208 for

waleiogiomggsand control ling the recordi ng heads 1B@T/JE2005/020148

driver for mainscanning notor 211 for driving the

mai n-scanni ng notor 104; a driver for sub-scanning

not or 213 for driving the-3Ub-scanning notor 131; an
A(}bias supply 214 for supplying an AC-bias voltage to

a%@e Aé% a+65: 1AL e Jé%%%%ﬁg n&npa%gérméortlng

ens S|gna s romvari ols ustr
Mor epver, an_operatian p 7 for uttln .
CREEAEAGTHY THTor At i Ore nﬁﬁ-ﬁé B3 R sheg inage
connected to this control section 200. hbm1 t he
dasat £81 thecheash ddoereéBfves at the I/ F 206 via a
cable or a network printing data including i mage data
fromthe hdBie si deivachawsfotme | gagerptoces<iOng which is
apparatus 2 such as the personal conputer. Then, the
coRiigltedeattomous WA abahygeset h€opr i DA Ngod@kBting drive-
W thin a receive buffer included in the I/F 206, and
SRGHEOT FatRBERSIMILY, | FREPUPEOGESH NG ARt HRlrd S¥rddr8ing one
operatlons etc., at the ASIC 205 so as to transfer

o IBGE 1 ét glgﬁaigetge@g%gﬁé%{ﬁrd

ri ve wavefr or m gener at or S Confl gur eCP
ner f rt tt
2@& oo TS BPPLEESardl ot cORSPPLPRG oo BRomarording

drive stgnals to the head driver_ 208. The head driver
heads 107 the drive signals configuring the drive waveform

%ad driver

provided from the drive-waveform generator 207 based on image
data (dot-pattern data) corresponding to one 1line of the
recording heads 107 that are input serially, so as to drive
the heads.

In this image-forming apparatus 3, as illustrated
in Fig. 3 described previously, dots to be output are
controlled. An “0” indicates that dots are not placed (a dot
off), ™2” indicates that dots are placed with a normal ink
concentration (normal ink), and “1” indicates that dots can be
placed that are of a low-concentration ink (low-density ink)
which is the normal ink in “2” diluted.

Moreover, generating and outputting multiple drive
waveforms from the drive-waveform generator 207 which allows
for dispensing droplets of varying sizes within one .drive
period, for instance, as the drive waveforms as described

above for selectively providing from multiple drive waveforms
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208 selectively applies to the actuators of the
recordi ng heads 107 the drive signals configuring the

waleios@46v8y ef orm provi ded fromthe drive-wavef oP@OT/IP2005/020148

generator 207 based on i mage data (dot-pattern data)
corresponding to one line of the recording heads 107
that are input serially, sB8as to drive the heads. In

this inmage-formng apparatus 3 , as illustrated in
Fig., 3 i hed [ I t ;
8 e USRS BB ST LYo 90k U, QUIMGIE B oot o

a dot off) , "2" indicates that _dots_are, plac W t
cgftﬁgllﬁﬁ?t?%lk Y NG | Si?t(lﬁ’gr m&PTi nR a‘fl'g‘-’nd G?O%'s Sk four
I ndi cates_that dots can be placed that are of _a
didfecentehevats oif ilACIel oMedewsi t5Md k) aRRl BHLs t he
normal ink in "2" diluted. Moreover, generating and
out putti ng Notei phat dwihiéewaref onlos) eftr oneedgling-type image-
drive-wavef orm generator 207 which allows for
fHrapens idipadaopketis adedtripiedy &5 z&5 Wnaderfomeingdrapearatus
period, for instance, as the drive waveforns as

flgscridied pbovg, f ofpsel echivgly PraMh dipgefr Qiﬁh%e;processing
nmul tiple drive wavefornsto the recordi ng heads 107,

es, | [ a - di t -
RSREET | POGe, DR chlodorsh SIS fane,  pinitariy
| evel.s of |arge, nediu mall, and null. Note that

2R g A T PR, aneEOr b ke R G Ay and
I's described as an i mage-form ng apparatus for formng
%ﬂ1i?ﬁﬁf¥ﬂ&utﬁ&@nﬁﬁ8ﬁfFM@einﬁ@ég?WQR%E%QQKJaPParatus to the

embodiment is also possible. In the electrophotographic-type
image-forming apparatus, pulse-width dividing light exposure
in a light-exposure writing so as to control the amount of
light exposure that one dot forms, thereby representing multi-
level tones, and varying the strength of a laser light used in
light exposure, thereby representing multi-level tones are
possible.

| Moreover, while the embodiment above describes the
image-processing apparatus comprising an image processor
pertaining to the present invention, the image-input apparatus
may comprise the image processor as well as the image-forming
apparatus comprising -the image processor. Furthermore, the
present invention may be applied to a system configured from
multiple equipment units (for example, a host computer, an
interface-equipment unit, a reader, a printer, etc.) as well

as to an apparatus configured from one equipment unit (for
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apparatus 2 in the enbodi nent as descri bed above,
simlarly applying an el ectronic photo-type

WO pge4d76F m ng appar atus and an thermal transfBCFIB2065/020148

i mage-form ng apparatus to the enbodinment is al so
possi ble. In the el ectrophotographic-type

i mge-form ng apparatus, p@Pse-wi dth dividing |Iight
exposure in a |ight-exposure witing so as to contro

t | i ght. :
e lB) Heathe St RER P Febifte BTN ng
the strength of a |aser Iight us%g6% | i ght_.ex psure,ft
thereby repf ¥y bt t121 BRI 1R 6ne o7& ip|% SOLtware

Moreover, while the enbodi ment above describes the
Hrﬁagémprf’@ées%ﬁuﬁgm@ppaar GPTRUEINPEP sEHECHRCS | frR§e OPerations of
processor pertaining to the present invention, the

tihea giendgep L r cgsscat rent@yinéogpitiosehehepiaregd piromesson that
as well as the inage-form ng apparatus conprising the
dreagee e OERS0An Fthid hebavee, efdbteliplegisent I Nwdiilsi OBase, the
may be applied to a systemconfigured fromnultiple

pddhrBe e Rlih3ngf Ao XREPLBveAt NSt cEABPUEES » a@lkode for a
i ntterface-equi pnment unit, a reader, a printer, etc.)

s%%gv\%fl o%‘%g%?%:i‘?? aBBﬂ‘é&Ffor? oﬁﬂag Ufr?% TN & rror diffused

equi pment orexanpl'e, a copy machine, a

sim| N~ it ihl.e.t .
{208 s PR pSH L Ph kil P08 SRR o -
execute the ogerations,of the i mage processor _
lsaelailfrAg f8tehel preBékeli AV e Tn AHatd feddyr idpsdep of

in the above enbodinment. In this case, the
setting a quantization-threshold value based on the multi-

level image data of the pixel in question; a code for a step
of comparing the correction data and the quantization-
threshold value so as to output N-level image data; and a code
for a step of calculating an error generated when generating
the N-level image data. In the program as described above,
assuming quantized values are 0, 1, 2, .., N-1 and tones of the
quantized wvalues are V0, V1, V2, ., VN—l, at least one
threshold wvalue Thsy1 in an interval between V, and Vay (where
0<a<N-1) of at least one input value, when an input tone value
is set to be v, is set based on the equation (1) as described
above.

The program may also be achieved by supplying to a
system or an apparatus a storage medium in which the program
codes are recorded so that a computer (a CPU or a MPU) of the

system or the apparatus reads out and executes the program
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program pertaining to the invention conprises a code
for a step of outputting correction data in which an

weeooe4tsd f used from al ready- quanti zed pi xel s PCT/JP2005/020148

therearound is added to nulti level inage data of a
pi xel in question; a code for a step of setting a
qguanti zati on-threshol d vat3@ based on the multi |evel
i mmge data of the pixel in question; a code for a step

0 LRg:1h 0 ' ta ang t
gk e dnhr Eafor AL 1B, ey ety progEam
[ e data; and a code for a step of calculati an
cofed: HERERLTER Tren GenerEEt ot HECTE RO Tofgs Lnplement
data. In the program as described above, assum ng
thgafEncetPrnalAfedher empodinent s descried RREVIVHESY -of
the quanti zed values are VO M, V2, ..., VNI, at
| east one tA® esholetordling Teadium nfan Bnpelyhig beheeg@rogram
Va and Va+i (where 0 a<N-1) of at |east one input
cedkse, subenmadia npsitat ohexMsllaiedisk,sef Hardelisk, iah optical
set based on the equation (1) as descri bed above . The

dRERYT 8MmARYie@bSBpPEcRC N £yiEd DYmSHRA M Nhdd & SYSH-8Mlatile
or an apparatus a storage medi umin which the program

m%&gﬁﬁ L4l ecordad so phat mém&P}?P“ @é.,(anE’Ue%mglé’,P%ay be
of the sysfem or t'he apparafus feads out and executes

t he prograntodes stored in the storage nedium In this
u@?ée, t he program codes thensel ves read out fromthe
recordi ng nmedi um i npl enent the functions, of the

embodi nent MRrYIEEi RdSPFRVASUANEO AIRCHIGeE oF i hgthat not
medi um for supplying the program

only the functions, of the embodiment as described above are

implemented by executing the program codes which the computer
read out but also the functions of the embodiment as described
above are realized by the OS (Operating System), etc., running
on the computer performing a part or all of the actual process
based on instructions of the program codes.

Furthermore, a case is alsé included such thafAthe*
functions of the embodiment as described above are realized by,
after the program codes read out from the storage medium are
writfen into a memory configured in a functional-extension
board inéerted into the computer or in a functional-extension
unit connected to the computer, the CPU, etc., configured in
the functional-extension board or the functional-extension
unit performing a part or all of the actual process based on

instructions of the program codes.
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codes, such nedia as a flexible disk, a hard disk, an
optical disk, a nmagneto-optical disk, a nagnetic tape,
W@ 2006/04676% at i | e menory card, a ROM a USB nmenoP@T/JENES/(20148
for exanple, may be used. Mdreover, a case is al so
i ncl uded such that not only the functions of the
enbodi nent as descri bed abdV¥e are inplenented by
executing the program codes which the conputer read
out but also the functionscgﬁghge enbodi nent as
descri bed above are realized by the OS (Operating
System), etc., running on the conputer performng a
part or all of the actual process based on
instructions-of the program codes. Furthernore, a case
i s al so i ncluded\suEPRIITRTAGESLDAC EPPRFagHSt Hor quantizing
enbodi nent as descri bed above are realized by, after
mAsipleyeam(totlevel eatimage faba ttheosNonadaeesediwarar ¢>N>1,
witten into a nenory configured in a
usiagt | ananslext-aesedn dopsr-difFestied |ptacdd®e e@npat efinimum-
or in a functional-extension unit connected to the

SRFBYbehult el QR SUer meeRbh WS ik ihle _
functi onal - ext ensi on board or the functi dnal - ext ensi on

unit perform aspar f i yal CeSS. 1
based on inrg%%}gscthﬁsgggﬁ?ﬁ%irﬁoaég%%% es.%l\/?lw.hmh an
An i mage: processing apparatus for. quanti zi .
SRIPE| - FEVa1oC TEVRI T LFRAgE A i5R% Ribal tesheqparaund is
M>N>1, using a nulti-level error-diffusion_process or
quﬁpn#ﬁuﬁggem%&ﬁ;—level image data of a pixel in question;

means for setting a quantization-threshold value
based on the multi-level image data of the pixel in question;

means for comparing the correction data and the
quantization-threshold value so as to output N-level image
data;

and means for calculating an error generated when
generating the N-level image data;

wherein, aséuming quantized values are 0, 1, 2, ..,

N-1, and tones of the quantized values are V0, V1, V2, .., VN-1,
respectively at least one threshold value Ths,s in an interval
between V; and Va1 (where 0<a<N-1) of at least one input value,

when an input tone value is Vv, is set based on equation (1),

where the equation (1) is:

Thasi= (1 ((V=Va) (Varr=Va) /2)) ) +Va.

2. The image-processing apparatus as claimed in
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mul ti-level error nethod, conprising: neans for
outputting correction data in which an error diffused

wo c@atoad7sady- quanti zed pi xel s therearound i s BdOiaRR003020148

the multi-level inage data of a pixel in question;
means for setting a quantization-threshold val ue based
on the nmulti-level imge daka of the pixel in
guestion; neans for conparing the correction data and

Cfiéﬁmq nt lﬂﬂ@ié?at aw eﬁ%?r_ledshoeil V& 310,855 %ots%%t pt%sed 8n said

eve ans or cal cu Ing an err

e é?»tne‘?aﬁh ARG Rtant ey ARG qPdUG. IREeEvaL between Vi

C and tones of the quantized _val ues are VO,

apd w@, wherevRLSl a<§lgpedihey dinpust vRdHSt Yonis taweastes! ¢han a
value Tha+i in an interval between Va and Va+i (where
aprschnk) Kof (wite ee §s€K«siWe«1) nput val ue, when an i nput

tone value is v , is set based on equation (1) , where

the equation (1) is: ((V-Va) (V 3+1-Va) /2) ))+Va. 2

The i mage- processing apparatus as clainmed inClaim1 ,

wherein thesthr qfh'@'ﬁna"g%%o‘c%s%?ﬁgbﬁﬁﬁger‘u§abg claimed in
equation (1) only when,” in the |nput val ue interval

C,ka.%tJ.‘ﬂ{eef V@h@PQthafhe( %q;re%hglﬁa? ere %<%§ ltuecyaltﬂggugh a

'S great er than a const ant
sequentlg?gf;r LIS elprcle%dzi?l a(r)gt he alsnpctltalvm?[d | V.

4. The image—processing apparatus as claimed in
Claim 2, wherein the threshold value is obtained through a

sequential process depending on the input value V.

5. The image-processing apparatus as claimed in
Claim 1, wherein the threshold value is obtained from a look-

up table depending on the input value v.

6. The image-processing apparatus as claimed in
Claim 2, wherein the threshold value is obtained from a look-

up table depending on the input value v.

7. An image-forming apparatus for quantizing
input multi-level (M-level) image data into N wvalues, where
M>N>1, wusing a multi-level error-diffusion process or a

minimum-average multi-level error method and forming an image
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Caiml , wherein the threshold value is obtained
through a sequential process dependi ng on the input

WO a00d@46755 4 . The i mage- processi ng appar at us BST/JP2005/020148
claimed in daim2 , wherein the threshold value is
obt ai ned through a sequential process depending on the
input value v . 5 . The i nr&ge-processi ng apparatus as
claimed in Caim1l , wherein the threshold value is
OEE, "B0cLL OUhgch 00kobbedable dEpeUl Uk L1d RE values,
val'de v . 6 . e | mmage-processi ng apparatus as
clainmed in Caim2 , wherein the threshold value is
SBPALTAEE%f rom a | ookup tabl e depending on the input
value v . 7 . An image-form ng apparatus for ' _
quanti zi ng TeHR  AOT t PUERYEFLTOV Fevesgtiagragéatmt ani Whéch an
N val ues, where M>N>1, using a nulti-Ievel
egreor -di ffussidonf prrocedseodyagwamt iman apéxae therearound is
multi-level error nethod and form ng an i mageusi ng
adiged wbi the chiYteiseve 1t omegs hdoia tdfe aNpiaklesn question;
conprising: nmeans for outputting correction data in

whi ch an erp@ingli kbysedthrag al rsagﬂtpémcimr@sh@hfa value

therearound is added to the nmulti-level imge data o

. . e L . - .
B e e e Mo e P i ehpingh o) quggtions

i mage data of the_pixel in_questiaon; nean%;for q d th
conpari ng tTE?%%rFEEtFEﬁpéﬁfﬁga S fgorrection data and the

quant i zation-threshol d val ue so as to output N-I|evel _
g@zation-threshold value so as to output N-level image

data;

and means for calculating an error generated when
generating the N-level image data;

wherein, assuming quantized values are 0, 1, 2, ..,
N-1, and tones of the quantized values ére vo, v1, vz, .., VN-1,
respectively at least one threshold value Ths,+1 in an interval
between V, and V.41 (where 0<a<N-1) of at least one input'value,
when an input tone value is Vv, is set based on equation (1),

where the equation (1) is:

Than= (v ((V=Va) (Van=Va) /2))) +V,.

8. The image-forming apparatus as claimed in
Claim 7, wherein the threshold value is set based on said
equation (1) only when, in the input value interval between V.,
and Va4 (where 0<a<N-1), the input value v 1is greater than a

constant K, (where Va<K,<Va+1).



data; and neans for cal culating an error generated

when generating the N-level inage data; wherein,
W@s®dniergs quant i zed values are 0, 1, 2, ...PCDJIP2005/020148

and tones of the quantized values are VO, VI, V2, -

VN-1, respectively at |east one threshold val ue Tha+

in an interval between Va-afid Va+i (where O<a<N-|) of

at | east one input value, when an input tone value is

v , is set based on equation (1) , where the equation

(1) is: ((VVa) (Vatl-V )/2) ))+Vb. 8 . The

i mage-form ng apEﬁratus as clainmed in daim?7

wher ei n the’t hr edABI RIS FTIRG: HRTF P safg claimed in

equation (1) only when, in the input value interval
CBaimech Veherrin/athe (Whaeshokd<nalpe tife Phpainedl through a

is greater than a constant K (where Va<Ka<Va+i ) .9 .
s€heenhbge-prvcaasy deppadahgsomstiod aimped valGeavm 7

wherein the threshold value is obtained through a

sequenti al process depending on the input value v .

10. The inmage-form ng apparatus as clained in Claim8

, Wherein tﬁ@.thrﬁﬁ@OﬁﬁagéLESr&§n%b%$bB§Qt&QrQHth?almed in
sequentlal process depending on the input value v .

c}Lai | RgEsfor 0100 Aneanal i ATl ArEdL LI AR Bhlougn

ue’'is obtained Trom a

up Ie dependi n n_the input val ue v
sequen ial p océés %ependlng og thezanput value V.

11. The image-forming apparatus as claimed in
Claim 7, wherein the threshold value is obtained from a look-

up table depending on the input value V.

12. The image-forming apparatus as claimed in
Claim 8, wherein the threshold wvalue is obtained from a look-

up table depending on the input value V.

13. The image-forming apparatus as claimed in
Claim 7, wherein the image is formed with one of an
electrophotographic method, an ink-jet method, and a thermal

transfer method.

14. The image-forming apparatus as claimed in
Claim 8, wherein the 1image is formed with one of an

electrophotographic method, an ink-jet method, and a thermal



12 . The image-form ng apparatus as clained in Claim38

, Wherein the threshold value is obtained froma | ook
waipotbald7es dependi ng on the input value v . 13.PdhaP2005/020148

i mage-form ng apparatus as clained in daim?7 ,

wherein the image is forned with one of an

el ect r ophot ogr aphi ¢ net hod35an i nk-jet nethod, and a

thermal transfer nethod. 14. The i mage-form ng

éygggE Euﬁeﬁﬁo&JaiWEd in Caim8 , wherein the inage is
ormed wth one of an el ectrophotographic nmethod, an

i nk-j et nmethod, and a thermaltransfer nmethod. 15. The
i mage-form ng apparatus as clained in daim9 ,
wherein the image is forned with one of an . .
el ect r ophot byr aphf e néfRe8 far i k- POPakaERSd,asanglaimed in
thermal transfer nethod. 16. The inmage-form ng
Clgpar aus Zbecpinnmethén Ghagen 105 vwhemsidh tighi nege | ®f  an
formed with one of an el ectrophot ographic nethod, an
dlelctirephoeddmabhiandnetHdwer nah  tnhaéer meehdbdd. add. aThthermal
i mge-form ng apparatus as clained in Caimll,

MaeseeR hdenddrge is forned with one of an
el ect rophot ographi ¢ nethod, an ink-jet nethod, and a

thermal transfer nethod. 18. The inmage-form ng
apparatus as clained in

16. The image-forming apparatus as claimed in
Claim 10, wherein the image is formed with one of an
electrophotographic method, an ink-jet method, and a thermal

transfer method.

17. The image-forming apparatus as - claimed in
Claim 11, wherein the image is formed with one of an
electrophotographic method, an ink-jet method, and a thermal

transfer method.

18. The image-forming apparatus as claimed in
Claim 12, wherein the image is formed with one of an
electrophotographic method, an ink-jet method, and a thermal

transfer method.

19. A program for causing a computer to execute a
process of quantizing multi-level (M-level) image data into N

values, where M>N>1, using a multi-level error-diffusion
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Caim12, wherein the image is forned wth one of an
el ect rophot ographi ¢ nethod, an ink-jet nethod, and a

wo beocioed7ss ransf er nethod. 19. A program for caPGT/mepoas/020148

conputer to execute a process of quantizing
multi-level (Mlevel) inmage data into N val ues, where
M>N>1, using a nulti-Ievel-3&-ror-diffusionprocess or a
m ni mrum average nulti-level error method, conprising:

sode fos.a gtep;qf t I cor. ty dat a.j
I\g;\lr/hi ch an <5elfror§ d|Ehfl ? Eggllc‘} &r’%%%?r elg%/?%uia%lzedéﬁ%el smethOd’
& reiaﬁri%%nd is added to the nulti-level imge data of

I'XElI" 1”n question; a code for a step of setting a
quanti zationt hreshol d val ue based on the nmulti-|evel _
i mage data B8f CPHE pPXked FrERURSISWPULEiggdeorsrchiar efata in
of conparing the correction data and the
Wult | zaRi oeereshdiifussidue Sroms moreadptquantiieesl pixels
i mage data; and a code for a step of calculating an
hemrampendr disecdddedn tgenaramungithevel | fnede idage of a pixel
data, wherein, assum ng quantized values are 0, 1, 2
in .questlloh; and tones of the quantized val ues are VO,
VI, V2, ..., VNI, respectively at |east one threshold

val ue Thati gi noge | Her vl @t?é\}ty‘e%'f Vs@pdi fgtia (mgﬁgigation—
a<N-1) of at |east one input val ue,

threshold value based on the multi-level image data of the
pixel in question; -

a code for a step of comparing the correction data
and the quantization-threshold value so as to output N-level
image data;

and a code for a step of calculating an error
generated when generating the N-level image data,

wherein, assuming quantized values are 0, 1, 2, ..,
N-1, and tones of the quantized values are V0, V1, V2, .., VN-1,
respectively at least one threshold value Thas in an interval
between.Va and Va1 (where 0<a<N-1) of at least one input value,
when an input tone value is set to be Vv, is set based on

equation (1), where the equation (1) is:

Thai=(~y/ ((V-Va) (Vau=Va) /2))) +Va.

20. The program as claimed in Claim 19, wherein
the threshold value is set based on said equation (1) only

when, in the input value interval between V, and V.. (where



when an input tone value is set to be v, is set based
on equation (1), where the equation (1) is: ((VVa)

W@ 6040755 / 2 ))) +Va. 20. The program as cl ai meRICT/MP2005/020148
Caim19, wherein the threshold value is set based on
said equation (1) only when, in the input value
interval between Va and Va3Bi/-(where a<N-1) , the input
value v i s greater than a constant K (where Va<Ka<Va+

@S‘ a<N-1), the input value v 1is greater than a constant K.

(where Va<Ka<Va+i) .



