TITLE © THE | NVENTI ON | MAGE DATA PROCESSI NG APPARATUS AND METHOD THEREOF
BACKGEpyND OF THE INVENTION.5 FIELD OF_THE | NVENTI ON The present= ingent o
relat%ﬁpio an i mage data processing apparatus and a method of image data
proceSS|ng 40 DESCRI PTION OF THE RELATED ART Basically, multi-level inmage
data is stored in conventignal “image data bases such as color inage data 15
bases. Therefore, it is possible to performat will processes such as y
correction or nasklng for outuumpmgbg_mﬂﬁ_augmmuuﬁngent|on has been shifted
to binary color inage data bases in terns of a nmenory capacity for an inmage
data base, 20  [gMAGESPATY PROCESSING RAPEARARYSOHANDUMETHOP MHEREJFEvVel data
I ncrease vol uMes of data. A binary color 1nage data base utilizes a nethod
of making a nulti-level color image a binary image by means of a binarizing
met hod and of storing the blnar |nage in a 25 data base. Wth this
met hod, the vol ume of data BACSERQ! QRLERE INVENBIOR ir t her, data
conpression together with the: above nmet hod greatly reduces the vol unme of
data. THe -2- data conpression efficiency of color inmages used for
busi ness purposes_further inproves because many col or

EIELD OF THE INVENTION

The present invention relates to an image data

processing apparatus and a method of image data processing.

o

Basically, multi-level image data is stored in
conventional image data bases such as color image ‘data
15 lbases. Therefore, it is possible to perform at will
processes such as y’corréction or masking for oﬁtput color
printers.

Attention has been shifted to binary color image data
| (U bases in terms of a memory capacity for an image data base,
| 20 processing speeds and the like because the multi-level data

increase volumes of data. |
A binary color image data base utilizes a method of
making a multi-level color image a binary image by means of
a binarizing methéd and of storing the binary image in a
25 data base. With this method, the volume of data is simply
reduced to 1/8. Further, data compression together with.

the above method greatly reduces the volume of data. The



characters, color, graphs, etc. are used, while fewer rofor i mages ar'e-used-”
whi ch have full range of colors. 5 However, in the above-ment i gngt™
exanpl e, y conversion, color pracgssing, black generation and the |ikesfor
use with a color output printer cannot be effected according to a
conventional nethod, since the color image data is.binarized. 10

That is, because the data is binarized in a "0" or "1" state, thé_data
remains at a fixed value of "0" even if an arithnmetic coefficient-is-

mul t dpkredompFrgsion effiopessivbb€é tolper imageshusedoferdescri bed
processes. Such probl ens as described above exi st not only in 15

bi nabrséaesfnpuraaseshiinrthes, improvranbeeaupg PAR¥ecolevel - coded or
four-] evel -coded i nage data. SUVMARY OF THE | NVENTION 20 In_light of the
abovEPaZactPEEd FPIBFeHE2PBAe Bbfechref UBRE, pFBLdRt LPHFENEPERTI s to provi de

t hod of _i ta, i ' dat Sin t t
per | SPRPEACATR: LooRoHOLPR| BRYBr BULLSTABFCPEnoPAVEP i mage data. 2o o

Anot her  alhgeRatl VenOoPhEChLEY e PhESENbNLAVERAIB el Syt O provi de a method of
I mage data processing or an inmage data processing apparatus to perform

oL SEoBSESIERS: cLTOroHRURLE,EAL0"p ook uelBRkLtan! e gyl o LTm0e
her eegragseMagendat @oRbPC886p3 PELALEr cannot be effected
according to a conventional method, since th.e color ima:g.e.
data is binarized. _ - B | u
10 That is, because the data is binarized in a "0" or "1i“ |
state, the data remains at a fixed Value”qf'QO"leven if an
arithmetic coefficieht_ is multiplied. Thus it is
impossible to perform the above-czie_scrlibéd'proéesses..
Such problems‘és described above exisf not only in
15 bina.rize.d image data but also, for examplé, inl thr.:ee'— '.

level-coded or four-level-coded image data.

o _ | . w
20 | | |
In light of the abové-described problems,l or.le'..object of °

the present invention is to provide a method of itunage' data

processing or an image data processing apparatus té perfdrm

such as‘ Y conversion processing for n-level image data.
25 Another alternative object of present inv.enti(.m ié to provide a

method of image data procéssing‘or an image data processing apparatt;é

to ‘perform other prbce’sses, for example color




and "apparatus, wherein [err]-level inage data is mlevel- .‘coded g2 e °
([errf<m by conS|der|ng i mge dots within a first w ndow of a

predssEr mi ned size, and wherein a nunber of dots to be arranged for data
havi ng under gone i mage process conputations is cal cul ated and re-arranged
wi thin a second w ndow of_ a:predeterm ned size, said re- 10 ar r angenent
being performed with Féferencé to [err]-level data of said first window. In
speci fic enbodi ments, to be described, an output. half-tone dot pattern is
re- arranged to correspond as far as possible wi th an original input dot
pattern. 15 A further object of th%‘present i nvention is to provide
a net hod of inag atacfroce35|n ata processing apparatus to

properly proc®& ?E&%Fnéﬂa FaQFFSnsn1SS|on line, for
exanpl e for out put Ah;t:cﬁ:d:ni@rtqs)renms@dlméﬂts of thél peesehtatinvesnt bonl,

Fol Tow ng. DestPest: of Bioeneoehuherpel Ehyuntde H LRI HE {14 Hetfod
drawi ngs. BRI BRADEGGRAFALOR, OWhEeiDRMAN N8B 25 image daty. is in-level-
conf i gur aki on BlHaeK gﬂ;rgrﬂfh?&hﬁﬂdé&hgaq g@taoter%eamga PPRLEL uS

according to an e e pres I nvention; Fig. 'S
chart roughl ywdRegvwhPk (ﬂ(ﬂr¢4ﬁ&ﬁ¢m#%@@s§+ﬁﬁraéBQrHhﬁ§e$§ Fhé“Eﬂ%%ﬁlﬂﬁnt of

the present 3@otd N¥eNtbednarkratiged i for Wﬁhaelhboc«ndeﬁgbﬁ@ siwagag the
.tcgg]:alt %g; a;[N: ?Rpg é:tagfe% Igo&&u&dat aé%socessigglggggr c&lsres—haol\‘@aﬁgedlvglthin
' a second WlndOW’ of a predetermined size, said re-

U 10 arrangement being performed with reference to {-level
data of said first window. In specific embodiments, to
be described, an output half-tone dot pattern is re-
arranged to correspond as far as possible with an
original input dot pattern. |

15 A further object of the present invention is to
provide a method of image data processing or an image
data processing apparatus to properly process color image
data obtained via transmission line, for example for

v | output by a color printer. _

' 20 Other features and advantages of the present

invention will become apparent from the following
Description of the Preferred Embodiments and the attached
O drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

j 25 Fig. 1 is a configuration block diagram showing an
image data processing apparatus according to an
embodiment of the present invention; ' ' '

Fig. 2 is a flow chart roughiy showing color image
processing according to the embodiment of the present

30 invention; '

. Fig. 3 is a schematic block diagram showing the

; configuration of the image data processing apparatus

| shown in Fig. 1, together with specific data processed

! ~ and progress of the specific data process; and

35 Fig. 4 is a view showing a detailed example of a



-and progress of the specific data process; and 35 7. Flg 4siss a,V|éw
showi ng a detail ed exanple of a -4- reference table in accordance w(?h o
t he present invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS An v-ﬁi«?V
enbodi nent of the present invention which_will be described hereinafter

di scl oses the followi ng nmethods 5 to achieve the aforesaid object and to
overcone the problenms. (1) Relatively |ow resolutions of col or ‘conponents -
are sufficient for human vision, so that. two di nensi onal w ndows are
‘provided for each color in the blnary color 10 data. According to the
nunber of dots to be printed (the nuéder of ‘bits at which "1" is set)

wi thin the window, the binary color data is nulti-Ilevel-coded., (2) The
dat a whi cefegendea tabdecincacedrdan¢e)with ihe iprdsanthinyentsidmg equati on
used for a conventlonal 15 color correctlon to detern1ne t he nunber of
dots (the total BES TION PREEBRRED (EMBQRIMENES  rection is
performed. (3) The nunber of dots detern1ned in IS, re- arrﬁfged as

fol lows: 20 An embodifenfnqf aF@ H%%ﬁﬁﬁFsbpﬁﬁn bgﬁew3§ ettt e as
bl t.h to th . _ dat. th
poss bt Lhpsapect o e . MISL Gl Shd DAL, e

5 to achleve the aforésald'object_and to overcome the

problems. _

(1) Relatively low resolutions~bf”bblor ccmponents
are sufficient for human vision, so that two dlmens10nal
windows are prov1ded for each color in the blnary color

10 data. According to the number of dots to be printed (the
number of blts at Wthh "in ig set) w1th1n the w1ndow,
the binary color data is multi- level-coded.

(2) The data which is multi-level~coded in (1) is
multiplied by a masking equation ﬁsed_for-a'conventional

15 color correction té determine théinﬁmber'of_dots (the
- total of dots) to be printed after-the'cold: correction
is performed. o _ _ N | | \

(3) The numbef of dots determined in (2) is re- |
arranged as follbws:_ |

20 . The dots are arranged so as toibe as accurate as
possible with respect to the dot positions of the binary
data in the original image.

. When variations in the number of dots are within




L5- nUnber of dots in-the original inmage, the dots should be.arranged so as
to bo}respond to the dot positions in he original inmage. Further, when the
nunB®f of dots is increased or decreased, adjustnment is made to increase or
5 decrease the number of dots in conparison with a reference table

provi ded. The above-desegri bed enbodi ment will nom1be expl ai ned in detai

with reference to the acconpanying dramﬁngs 1 is a configuration
bl ock di agPHReThefi F9t3n InddE PFEFLRdc g‘é"p% %&‘g to an

enbodi nent._of th resent invention 2 IS a flom1chart shomnng
'colorllna§§ 6?88 sglnasa SbFﬁrﬁﬁspﬁn%ﬂg eﬁ%ﬁﬂ PO s ¥RF all the

d
e shown Brigafiat ?%a%?”%%r%h“#f?& Qe ecroﬂ%a% Y3 he sect i ons
in this eghadioealy ?gidg S%ﬁ5u§£ %fntF'l% nfde? £ fl%f%t SGY 01 L mage

data input section |na y ol I'mage data to nage f or med

sent \ a ﬁe@?ﬂéﬁsgaﬁﬁelﬁgmbért 6?”&@(:%5' an ég&r&%ﬁ%%no 3121.@;#'12 &sion

i nterface 109. The process shown 1 n step sprea |ng a
mnndOMIOVQEbhbnﬁ&ﬁngEar i mage data is performed in a dot nunber
mul tiplication section for resetting opening 102. A fixed w ndow, for

exanpl e, a w nday abodexdésdltibelds efboddthed® wiAMAI N ¥ey 5@1¥iddmye data
whi ch are fetched (drawn out) fromthe data base 110.
in detail with reference to the accompanying drawings.
.. Fig. 1 is a configuration block diagram showing an
\“10 image data processing apparatus according to an embodiment
of the present invention and Fig. 2 is a flow chart shdwing
color image processing according to the embodiment.
Operations for ail the sections will now be described
with reference to Figs. 1 and 2.

15 As shown in Figs. 1 and 2, a control section iOO'
controls all the sections in this embodimeﬁt. As shown in
step S1 of Fig. 2, a binary color image data input section
101 fetches binary coior image data to be image-~formed sent

.K,) via a data base 110, a transmission line 120 or a

20 transmission interface 109.

- The process shown in step S2 of Fig. 2 for spreading a
window over binary color image data is'performéd in a dot
number multiplication section for resetting opening 102. A
fixed window, for example, a window of 4 x 4 dot, is spread

25 over binary color image data which are fetched (drawn out)

from the data base 110.

Multi-level coding process shown in step'S3 of Fig. 2




Mul t'i -1 evel coding process shown in step S3 of Fig. 2 -6 - is performpd
in amlti-level coding section 103.--6The nunber of original image dots{ &7 . -
within a given windowis nultiplied in the nulti-level coding process. n.
this case, the nunber of dots n to be nultiplied is 16 or less, 5 _ :
therefore, a nulti-level coded data within the w ndow-s-set to (n/16) x

255. 255.is a _constant for converting the nmulti-level coded data into data
equi val e PErA°CEMBAt iBaramutkislevRdt sAEiNG SECLAPR 283 -t 0 THS5 and ot her
constants nmay be _useq. ,The nulti-level ¢oded data having .10 .thus undergone
the nul t PUPREE ofo@FAgipR cé??gFSQPE?tHéFhPPaﬁsHFVFQd"PngWb&ﬁputing

section 104, .in.which imge processing, such as y converting.or masking as
ahown 1 nitspEied; I8, bRRIRRERCESFS T RS BReotalhr oy ePifoded dats.
Accor di ng| n l.ti-leyel a vi.ng undergens 15 .the i process E
to neet,g?éﬁ'egg%p g%bfkegghggg%tgrggt#gsmgﬁgggggﬁgr%gcgkogrpg?% ér 107, is

generat ey . [heongw ¥ ﬁﬁiﬁ&§i89eﬂuhéaﬁge§§%aﬁgﬁgggﬁ EYE! BeHal@o 1kransm tted

to a“deteérmning Section/So that pri may undergo a binarized

computi Ngepr £6€gay185 20255N0WB55N; 8t 8PcSRsREnE! BorconbBetRHEDeheOf pri nt
dots corresponding to the nulti-level coded data is determ ned. The process

shown i nnat@R-PEvefi EbBed2ah8aPehntsr Beal 8qaidalentr 880aNg-pget i on 106 for
determ ning the nunber -of dots to be printed. Thi's process is performed
with data. This constant is not. limited to 255 and other o
constants may be used.. The_multi-levelicdded-data'having
10 thus undergone the multi-level coding~§r0cess is-further _
transmitted to a comfuting section 104, in which image
processing, such as ¥y .converting or masking as shown in
step S4 of Fig. Q;Iis;perfOrmed for the_multi—level coded
data. Accordingiy, new multi-level data, haQing undergone“:f
15 the image process to méet, for example, the charaéteristics
of a binary color printer 107, is génerated,
The newly generated muiti—level-déta:is-further-
transmitted to a determining sectiogzgt that priﬁt dot
number 6% may undefgo-a binarized computing process, as tt ' &‘ﬁ
20 shown in step S5 of Fig. 2. The number of print dots
corresponding to the multi-level coded data is determined.:
The process shown in step S6 of Fig. 2 is*ﬁerformed in
a dét arranging section 106 for detérminingithe-number-of”*“"'
dots to be printed. This process is performed with .
25 reference to the dot arrangement in thé original image so

as preferably to correspond as exactly as possible to the

dot positions in the original image. When the number of

s



25 reference to the dot arrangerrent i.n the original inmage SO as preferably
to €0 respond as exactly as possible t@ the dot positions in the origina

I ma When t he nunber of -7- dots is further increased or decreased
duri ng the determ nation of the dot nunber, determ nation is nade based on
a dither table or a reference table 111 as to which dots are increased or
decreased. In step S7 of Fig. 5 2, the nunber of errors generated during

t he dot re"@rtrsar-‘r@erfemth%rlmqnﬂa@qw athgeandsaedfduning heener at ed during
the nmulti-]evel coded - binarized data conversion, is returned in the form
of feedbadeteFmatinn of &hg d&fdé'ﬂ’%'r (ﬂ?tmlt”r?r‘b‘tﬂ:}h is deardg ty

preservrn section 108 to be diffused in other e el enents. As a
resul t, 2569 R B dkithe,; i€ &F d‘atrﬁmq "‘f&’t e afutation is

'BS?TSLSES%@&&?EN?%&%S% £ 93 R corth Pt ToF 1 b

out pute th ref Qm the ShQve-des ri.hed [ocgsses | mge data
whi ch %as%una-'ergo m% ar |°dfu proce &S toe%e ot c%aré{g%:errstrcs of an

out putpr 'r%ta‘?:’ra g‘ém‘@ﬂlt‘:h '2&%1‘2: a3y e o Gl relrc(gime 'dlasr% fAaday be

out put as colo a color prin U

Gper at | ongfay pepleng rr%gcesh refm dddech Q18 SneRld Gl odlenss gigascddiad i th

reference to F| , nunerals 201 to 203 In ate col or
bi nari zed ﬂat&t%tﬁre@ﬁ il ttﬂae fQﬁtnﬁotfa%e%ckY%U PHe multi-level

coded section 103 through a density preserving section 108

Q«iO to be diffused in other picture elements. As a result, the
multi-level - binarized data density after the computation
is performed is preserved. In step S8, the binary image
having thus undergone various processes is transmitfed to
the binary color printer 107 to be output therefrom.

15 By the above—deecribed processes, image data which has’
undergone various processes to meet the characteristics of
an output printer and which has been preserved in color
binafy data can be output as a color image most suitable

K_) for a color printer.

20 Operations for all the sections will now be
specifically described with reference to Fig. 3.

As shown in Fig. 3, numerals 201 to 203 indicate cbier
binarized data stored in the data base 110. Yellow
binarized data, magenta binarized data and cyan binarized

25 data for recording ink are designated by Y, M and C,
respectively.

Although ¥, M and C are utilized as color data in this



bi nari zed data, magenta binarized data and cyan binarized 25 data for _.
recordi ng ink are designated by Y,- 8 and C, respectively. Al though Y, M{add .
Care utilized as color data in this enbodi nent, three bl ocks of colofs -
data for red (R), green (G- and-blue (B) may also be utilized. In this

case, since there is basically such a relationship anong the colors as R =1
-C G=1- M B=1-1Y, the color data is utilized 5 by converting. one -

t 0 anotempodimentor divriest dlockss ofs cod@r deda fon ked i (7 ,ofgndgen conver sion,
in the strict sense, |ogarithmconversion.is also perforned. In the data
201 to ($3anchdlawaddd pewt Rde bedutddd 286t pdd tihdifs BFwe MM ed, while
the bl ank portions 10 _.i ndi cate dot pqsitiqns not to beéﬁginted. The :

bi nar i 78§ sy PRSLLFIY 5B ZFdatdQB SR RBWMG LRP 1973 Aye data
R R R S A WG
o by SO ol B RackEr B abrdFige e WO 7D ber o
nurber TSARISES ;A S he T daath FoRvsRaden s 1l FHEStEd g 20 out put
dot o | TP da S D01 s T3P eI e Ruster B oot e data 202 15 "4"

and the ”U”hﬁftQE Rt 201t ke 9832 2823 ishadld portions indicate

dot positions to be printed, while the_blank"portions 3
10 indicate dot positions not to be:printed. -")
| The binarized color data 201 to 203 are read at the
binary color image data input sectioﬁ 101 and then
transmitted to the:dot number mulﬁiplication=section for
resetting opening,lbzh The state of the data 201 to 203 in
15 Fig. 3 indicates the state of the data in the original
image as seen after a window.of 4-x 4 dot is spread over.
In this embodiment, the number of dots is calculated based
on the patterns éf the data 201 to 203 and the number of
dots within the window of 4 x 4 dot ié muitiplied and . _\*)
20 output in addition sections 204 to 206. In the_example in
Fig. 3, the number of dots in the data 201 is:"3", the
number of dots in the data 202 is "4" and the number of
dots in the data 203 is "6".
Numerals 204 to 206 indicate the-addition sections
25 which serve to return errors occurring during dot re-
‘arrangement in the form of feedback to the original image -

data to be added. The addition results for each window of



Numeral s 204 to 206 indicate the addition sections 25 which serve to
ret & errors occurring during dot re- @rrangenment in the form of feedback
to the original imge data to be added. The addition results for each

- Wi ndow of 9 the colors are retained in an addition result retention
section 207 and are convertedinto corresponding nulti- |evel-coded data in
a nmulti-level-coded conputing section 208. The addition sections 204 to
206, the athetcohorssare Setainedi bn awcadditon pesulherebentipavel - coded
conmputing section 208 correspond to the nulti-|evel-coded section 103 shown
in Fig. 1.seetine 287tanafd aregecnyvertedi inegerorsespondsngsBrali—the errors
returned in the formof feedback to the addition section 204 to 206 are al
in a"0" stavel-caded datanin;aippliislieyel-¢AdedFompPRELAg; SRCELSNI t s

within the ndow of -the addition,result retepfion sectiqQp 207 are 3/16,
4/ 16 and 6?% at TR caddifAgnsectipns ?ré%p%‘et%éf ytherh%%“glFé%l §e§Pi

mul ti-pki ed I n_the, evel - code ut sectipn 208 for

conver |onr? %égﬁ %SF%EEp%ﬁ& ﬁﬁg % i %? tﬁafﬁyegghgéggsﬁ?? Ut 189
follow ng éé ? ﬁbbb hggﬁr%5?0n$ tgﬂfh$ gf? cievgf— §'§d”ELL LEVSQBCO|Or

data thus T eve r ansmni a conputli ng sec I on
whi ch corr§§BQHd§n29 toythe conputing section 104 shown in Fig. 1, in
order to undergo vari Bus processes, such as y conversion, color masking, or

interpolating, atlcRE YRiEDaBr St RGETOF RE1 &I LPEvel-coded processing,
the errors returned in the form of feedback to the addition
K’ﬁ() section 204 to 206 are all in a "0" state. Thus at the
initial stage, the data retention results within the window
of the addition result retention section 207 are 3/16, 4/16
and 6/16 at the Y, M and C data, respectively.
These levels are multiplied by 256 in the multi-

15 1level-coded computing section 208 fof conversion into data
corresponding to 8-bit data. As a result, the following is
established: Y =-48; M= 64 and C = 96.

The multi-level color data thus multi-level-coded is
(v) transmitted to a computing section 209, which corresponds

20 to the computing section 104 shown in Fig. 1, in order to
undergo various processes, such as ¥ conversion, color
masking, or interpolating, all of which are performed after
the binary color image is multi-level-coded.

As an example of a process which is performed in the

25 computing section 209, color masking will now be described.

The equations shown in the computing section 209 of

Fig. 3 represent examples of the coefficient of color



LY

the.binary color image is nulti-Ilevel-coded. As an exanple of a process ..

which is perforned in the 25 coqquipg section 209, color masking mﬁ1£ég¢@
now be described. The equations shown in the conputing section 209 of FI'g. -~

3 represent exanples of the coefficient of color -10 - correction
(masking) for input color data to neet the characteristics of an output
color printer. Al though exanples of matrix conmputing of 3 x 3 dots are
shown | goFidet font (RaS100HYY | £& | Bnpt 16+ edht® tdimedt thé may al so be of
secondary masking. The conputing nmay be perforned with a nultiplier and an
adder, 6mavhdétesi M $ abf eawroiitput i delodherienet. of nmulti-level data from
the nmulti-Ievel -coded. conputing section 208 which is conputed by matrix
conver si on iRltheugonexdanmbes ect icat 200 ¢compuiting dO 3ixn 3 dofser 210. For
exanple, in the case of the Y elenment shown in Fig. 3, Y =1.0 x 48 + -
(-0.3) aré4shoyn 0id)Fig 963 ~theé ¢ompuieingists giok hbimieed ©ethhents, M=
115.2 and C = 15 84.8, respectively. The above data is converted into
dat & copwespandekee the 8ohi seerndarwieasiking shothel FR%bEMEISIRY 0P8 dot
image with a window of 4 x 4.dot in order to be printed. In this

enbodi eerfo¥med nghprra grueiRlier PG At 0% R A KM by a
subtracter_ 211 whi ch_  corresponds to th deterniniqg 3ecti n for:grint dot
nunber 4¥B1eHRHNER ¥?Eﬁ’ he level of multi-leve ata from th S

multi-level-coded computing section 208 which is computed

by matrix conversion in the computing section 209 is output

10 in a buffer 210.
For example, in the case 6f the Y element shown in
Fig. 3,
Y = 1.0 x 48 + (-0.3) x 64 + (=0.4) x 96 = 9.6
In the case of the M and C.elements, M = 115.2 and C =
15 84.8, respectively. The above data is converted into data
corresponding to 8-bit data. The data should be expanded
to a dot image with'a window of 4 # 4 dot in order to be
printed.
In this embodiment, the number of dots to be'printéd-. ' o/

20 is determined by a subtracter 211 which corresponds to the
determining section for print dot number 105 shown in Fig.
1. Dot images with windows of 4 x 4 dot shown by numerals"”

212 to 214 in Fig. 3 are generated. Although an example
.will now be described in which data is re-binarized with a

25 window of 4 x 4 dot, the data may be re-binarized'with a
window of, for example, n x m dot, other than the window of

4 x 4 dot.

»



4. Dot images wth windows of 4 x 4 dot shown by nunerals 212 to 214 in

Fi g¢—3 are generated. Although an exa 'ie_mﬁll now be described in which
data®rrs re-binarized with a 25 w ndow of 4 x 4 dot, the data may be
re-binarized with a wi ndow of, for exanple, n x mdot, other than the

w ndow of 4 x 4 dot. In this enbodi nent, because of the wi ndow of 4 x 4
dot, the nulti-level data retained in the buffer 210 is nultiplied by 16
with the subtraph eghPd lenilSodiént), wcainldlast dmsvwinddw askss general |y
denoted by 211 of Fig. 3. 5 " The values shown in the blocks indicate the
nunber of dists tlee eubriflevebrddta beetcelmdd dnitite bufitemi 2viof 4 x 4
dot. Hence, for the Y elenent, 0.6 (the negative dot nunber 0.6) dots are
del et ed f momtipliled My dbé wiith ithe FRubtrtactdmLllC o ahtratn the dots and
‘5.3 dots are 10 respectively inmage-forned in each of the 4 x 4 dot

mat ri xes. Wole@rshewmcin feledhks afneradih danphied dHALhwb&iI not- dat a
wi th dot nunbers under a decinmal point can be inagf-forned, the data with a

negati¥e dBte tAAREs ishen -in i Hedieckeigdigprdhe iHPer PHdets s
P o et e LA T AT
el erence 46k NS il0L el L BISP S0l 2Be Sl s et Lo
| mages 204, 1 0h80% . 6 Tuddl SaSRH SR £ il % RUPRSR it here are
for the M and C elements, 7.2 dots and 5.3 dots are
K'-')110 respectively image-formed iﬁ each of the 4 x 4 dot
matrixes. However, since neither data with negative dot
numbers nor data withrdot numbers under a decimal point can
be image-formed, the data with a negative dot number is
dot-printed as zero, the data with 7.2 dots is dot-printed
15 as 7 dots and the data with 5.3 dots is dot-printed as 5
dots.
| The above-described dot re-arrangements should be
performed with reference to the original images 201 to 203,
KV) SO fol;owing embodiment is arranged as close as possible to
20 the dot positions in the original images 201 to 203. 1In
this embodiment, for this purpose, when there are
variations in the number of dots .in comparison with the
number of dots in the original images 201 to 203, the
priority for increasing or decreasing the number of dots is -
25 assigned based on a reference table 111.
Fig. 4 shows an example of the reference table 111.

Numeric values in the reference table 111 correspond to the



varlatlons I n the nunber of dots in conparison with the nunber of dots |n
the original inmages 201 to 203, the gélorlty for increasing or decreasi
. the nunber -of dots is 25 assigned baséd on a reference table 111. Fig. 4
‘'shows an exanple of the reference table 111. Nuneric values in the
reference table 111 correspond to the -12- priority of the dots to be
formed within a given matri x when the nunber of dots in the matrix i-s

i ncr easeg P HEF T §RSEle A30HE SES | e de ARRVE withidi s ﬁ?&gﬂ xWhen the'

nunber of dots rises 5 above the nunber of dots 1nm the origi na i mges 201

to 203, ahén ife dOimbé P SPEIOFS A nd TGS 2Ok lhAh e sxpanded
foll owed by allocation of the renmaining nunber of dots in accordance with

the pri ddédyesdedinas ndéseriwseramsa f abl e 111 . 10 ' On the contrary,
when the nunber of dots falls bel ow the nunber of dots in the original

i mges 201 tor20his hamblodimémt t hehear itdienalunbaagest At d e Ps are _
sequentially allocated in priority order, and when the dot nunber reaches
the dot akowerthe denper efdete dotthe Iaxda;:trtari iignalfes 0|t e203,As shown -
in Figs. 3 and 4, there are -0.6 dots in the Y element and therefore the
-0.6 dotaslhr@mdtottﬁum@hwqmqn@m inagegoi2Glatta 203THere exparde dots in

the Melenment, so-that the four 20 dots in the original inmage remain -
i nt act, %g&ﬂqwﬁgrQymg}ﬁ¢@Ftlon of the remaining number of dots in = -

accordance with the priority shown in the reference table
111.

10 On the contrary, when the number of dots falls below
the number of dots in the original images 201 to 203, the
dots in the original images 201 to 203 are sequentially
allocated in priority order, and when'the:dot number
reaches the dot number to be printed the dét'allocation is

15 completed. |

As shown in Figs. 3 and 4, there are -0.6 dots in the
Y element and therefore the -0.6 dots are not printed
within a 4 x 4 dot matrix.

There are 7.2 dots in the M element, so that the four ) .\ﬁi

20 dots in the original image remain intact, and the remaining o
three dots are allocated as shown by numeral 213 according
to the priority shown in the reference table 111. In this’
descfiption,.the first four dots happen to have high order
values in the reference table 111, howeveri dots within a

25 blank portion of the 4 x 4 dot matrix may be re-arranged iA
the ascending order of values shown in the reference table

111, even if the reference order is separated from the dot



dhreé-dots are allocated as shown by nuneral 213 according to the priority
shogm in the reference table 111. In j4is description, the first four dots
happen to have high order values in the reference table 111, however, dots
withi'n a 25 blank portion of the 4 x 4 dot matrix nmay be re-arranged in the
ascendi ng order of values shown in the reference table 111, even if the
reference qorder is separated fromthe dot -13- positions in the original

i mage. Si pesitdien®s are thed digiginal tikige .el enent and. there are 6 dots in
the original imge, one dot :Shoul d be del eted. Accordingly, the original

i mage 203 is c@ipdecdherd tdrd I5e 3 dotisedce thabl®e ellehdnt daldtittheralot in the
position of 16 within the reference table 111. The three bl ocks of the

bi nary dotardatéa dota tim Zhe roe-igrimaigedshalge ,t lomealsote-sdenckd el adj ust nment

i ncl ude rounding errors, the density of which cannot be preserved | 0 for
mul ti -l eveleledgsd d@csortBnafliyer ther cadgiionli dmamee 203 kshecommaridig errors
are ignored. For which reason, these errors should be transmtted to other

i mages), swdithashehaeferenasadabdiecdddt ter dedeteea dtocld W this reason,
these errors are preserved in the 15 density preserving section 108 in Fig.
1 to retuPPsitden ©% A6 mithin &he redgsgrssctiddterddin the form of

f eedback. The sectign indicated by nunerals 215 to, 217 jn Fig..3 _
corresponds to e tHERS N"ﬁ)‘egs@f%tﬁ‘& é&air@n]aﬁﬁ qa%aFl";g{b 1t.°g 24t errors

are returned to theda cgl(ert%eZC;I otv%_%%%c'rribter&eadjustment include

re-arrange
rounding errors, the density of which cannot be preserved
\~j10 for multi-level-coded data 210 after correction is made, if
‘the rounding errors are ignored. For which reason, these
errors should be transmitted to other images, such as the
next iﬁage element or the next block.
For this reason, these errors are preserved in the -
15 density preserving section 108 in Fig. 1 to return them to
the multi-level-coded sgction 103 in the form of feedback.
The section indicated by numerals 215 to 217 in Fig. 3
corresponds to the density preserbing section 108 in fig..
Ku/ 1. The errors are returned to the adders 204 to 206 in the
20 form of feedback when binary color data is processed next |
time around. -0.6 dots for the Y element, 0.2 dots for the
M element and 0.3 dots in the C element are added and
included when dots in the next window of 4 x 4 dot are
extracted. It is thus possible to preserve the density of
25 the errors.
A binary color correction method for color recording

using three-color ink has been hitherto described. It is



20 * -formof feedback when binary color data is processed next tine .around.
-0.'6 dots for the Y elenent, 0.2 dofg4for the Melement and 0.3 dots in_{ée_
C el ement are added and included when dots in the next w ndow of 4 x 4 dOt -
are extracted. It is thus possible to preserve the density of 25 the

errors. A binary color correction nethod for color recording using .

t hree-color ink has been hitherto described. It is -14- obvious, "

however ,okwioug, copweyer ngthant Br gonuerhings ihkterpebatingpberrtheily
effected with nodifications to conputation in the conputing section 209.

Furt her ,liket¢an dboveeadityi pffonted| vhtughodifieat bomecering in density

" preserving sections 215 to 217 are returned to the adders 204 to 206 in the
form of ¢empMtRkionhty Why ermpubing cseehien t4P%he bl ocks 211 in the form

of feedback, thereby further inproving preservation of the density of an

i mage after tFerPheEesinikhpcpPoysedesapirtion, FAERIRGBBEEOTSH this

enboginent, errors,are returned di nensional|l znu%igrect%i however, errors
generat eFCTHEEHRY oS ?@/Sb?%s@:???lﬁv%%%t?%?ﬁyﬁ%' 2o 4Ry e
dinmensionally convoluted with a,filter vj ng .a weight cogfficient before
bei ng. i TURREa T < hE adigr “aaburS 08 ol oA o b e Mt Fhes used
as in a ror_di i t ho nd i i 14 var forns of nethod.
Nbreove&ﬁ%%emapsf e;sie%? }ig)%v.’g% ‘ilf)%e(?ng u%‘eegqgi%%?s r%l alré gén%een]g%zfmr% hod in

whi ch defégéﬁﬁéﬁjO@hé§eﬁfsfu££%§iyiﬁﬁEOVing preservation of the

density of an image after the process is performed.

10 Furthermore, in this embodiment, errors are returned
owR-
ééist‘dimenSionally and directly, however,- errors generated
twe-

in the density preserving sections 215 to 217;may beA -
dimensionally cOn§oluted with a filtei havihg’a:weight;
coefficient before being diffused.. This is a well-known
15 method in diffused matrixes used as in an error diffusion -
method and is applied in various forms of method.
Moreover, the present inQention includes a dot re-
arrangement method in which deterioration is less likely to
occur to a character section or the.like by using a BaYer- : _ i;)
20 type diffusion array:pattern as the feferénée table 111.
As has been described, according to the present
invention, a window of n x m dot is spread over binarizedf
color image data in order to multi-level-code the binary
data for various image processes with respect to the
25 multi-level-coded data. A binary window is_re—afranged to
determine the number of dots to be printed within the

window for re-arrangement of the dots so as to correspond



~

“occur to .a character section or the like by using a Bayer- 20 type
drﬁiysion array pattern as the referen§e table 111. As has been descri bed,
according to the present invention, a w ndow of n x mdot is spread over

bi nari zed color imge data in-order to nulti-Ilevel-code the binary data for
various image processes with respect to the 25 nulti-Ilevel-coded data. A
bi nary window is re-arranged to determ ne the nunber of dots to be printed

within tbe whaddetf posieisnsaigeannbraginhe dAhgeso &ert @hede espond

-15- to the dot positions ifA an original imge. For these reasons, it is
possi bl ereaspnsf ol Lar possiblegeoppetéssns vastiionsaimagkoprogesaeisi,on or y
converting, to neet the characteristics of a desired binary color printer
even i f SucPh%soFP&PﬁaFOFﬁ§§§1@6nP§|MSCBPH3F§166FOF°d&P&t th& eby al | owi ng
a good col or image suitable for the binary color printer to be produced.

Al t houghckaragtesistiray oft rodesdsedebingsycepbed Ruinterf evesolidr data, it
w |l _becone apparent that it may be applied when y converting or the |ike
i s pérfth%d°Fbngﬁér}mBB§cE°&ﬁélﬂﬁ|PénBEYaC°&BFe€§EFr bhREEPYCol or i mage
data is n jmted to data which is input fraomthe data base 110, but it
may be c® ﬂ?Bﬁt?oﬂ°89t&°F€EeFW€&ef?Bhg?HéetF%ﬁsﬁ?%spbﬁaFVn€°iQG 15 vi a

t he transniSﬁlon ingerfac As has been described, according to the
present PRYRREFoR® PE P§°§8§§ ble to performinage processes

" Although the present invention has been described
| mainly for color data, it will become apparent that it may
k%(O be applied when y'converting or the like is performed to
| binary'black and white data. |

Moreover, binary color 1mage data is not limited to

data which is input from the data base 110, but it may be
_ communication data recelved from the transmission line 120
15 wvia the transmission interface 109.

As has been described, according to the present
invention, it is possible to perform image processes
meeting the characteristics of a printer for image data

\.)' - which is provided, for example, as a form of binary data.
2() The invention has been described in detail with
particular reference to the preferred embodiment thereof,
but it will be understood that variations and modifications
of the invention can be made within the spirit and scope of

the invention.

25



méeting the characteristics of a printer for image data_whisth is @rovi ded.cs
- for exanple, as a formof binary data. 20 The i nvention has been &g--
described in detail with particular reference to the preferred enbodi nent
thereof, -but.it will be understood that variations and nodifications of the
i nvention can be nade within the spirit and scope of -‘the invention. 25
-16- CLAIMS 1. An inmge data processing apparatus conprising: A
m | evel -coding means for mlevel-coding [err]-le i m a] r]<ny
by considering image dots within a first 5 w ndow of a predeterm ned size;
conputing neans for perforning predet&tfined:image HMHE le”ﬂl't ‘ons
usi ng i nmage which is mlevel- coded by said milghas! g s, -dot
nunber cal g nmeans for calculating a 10 nunber of dots to be.
arranged wiihin d_w,.qd X : ] slze With respect to the
conput i ng rie'sul S %ﬁgggi 8%%#\3[9 %fneQS% %eﬁi%%%\%g%gaéééﬁﬁlx%%gﬁeans for
re-arrangi ng dot,D9st-bhQ \TY R kd ond_ y¢ We8H3. L rm ned
size in 15 acc%rggg%% %P?%h?hemggﬁ%ulg??ngﬂrgggg?scg }ggfd@dggs%ﬁhber
cal cul ati ngirﬁag@swegi (d &) B IR PP lindade \Witd MR iFRbAFRfrstai d
first window. 2. An inmage dat'a processing apparatus according to claim

5 window of a predetermined size; _ . _

computing means for performing p:édetermined:image
process computations using image data which is'melevel-,é;
coded by éaid;m—ievél-coding ﬁeans; R NS
dot number calculating means for Calculatiﬁg_ a
10 number of dots to be arranged within a second window of
a predetermined size with respect_ to. the computing_;cﬂ.
results of said computing meéns;_and
re-érranging means for reéarranging dot pqsitiqns. }
within said second window of the predetermined size in
15 accordance *with the calculétipg' results of _éaid.-dot..
number calculating.means and with reference to Q-level

image data of said first window. - S ;‘)

2. An image data processing abparatus.aqco:ding'to claim
20 1, wherein said apparatus further.cqmprises a_dot arréy
priority memory table which is 'ﬁse& dufing dot re-
arrangement by said re—afranging means, and during said
dot re-arrangement, dots of ¢-level image data are
arranged by said ré-arranging means in accordance with
25 a dot array present within said first window befofe said
{-level imagé daté is nhlevel-codéd by said m-level-

coding means, and wherein when the number of dots to be



20 ) 1, wherein said apparatus further conprises a dot éFH$f+x4iHJng_*é__'
nenory table which is used during dot re- arrangenent ,aﬂgﬂére arrangi ng .

mean€, and duri ng said dot re-arrangement, dots of [err] l"! jﬂlﬂmg

are arranged by said re-arrangi ng nmeans in accordance Wt
present wwthin said first window before said [err]-I|evel inmage data i%s

m | evel -coded by said mlevel - coding neans, and wherei n when the nunber of
dots to be’ -17- re-arranged is increased or decreased, it is increased
or decreased in accordance with said dot array priority nenory. 5 3. An

| mage data proce55|ng appar at us accordirhg—to claim1 or 2, wherein said
apparatus further rises .error d|ffu5|ng€neans for dlffusln% dot

roundi ng erﬁ?r‘sam% Qr ésgéﬁ’&%ﬁ%ﬁf‘ﬁuﬁ’?nﬁj EeegPdri dif by® sangressetunber
cal cul ating ne 10 4. An inmage data essi aratus accordin

Claim 3, SR APEErEEt, UF AFEPREPRG IR ARSI S EAT ol 4PRG 9 or s
by returnln %kroundlng errors in the form of feedback to the

m | evel - codeéapr ess which is 15 performed by said m|level -codi ng neans.

5. An inmage data processing apparatus according to any preceding claim
wherein the size of said first window for said 4-level image data is

substantg al Iy, t ks $MEBe”datl prblessiag aﬁpaéh@ugeaeaerma%owof eladaf a
havi ng under gone

1 or 2, wherein said apparatus further comprises error
diffusing means for diffusing'dot rounding errors which

K/ are generated during calculation by said dot number
célculating means.

10

4. An image data processing apparatus according to claim
3, wherein said error diffusing means diffuses said
rounding errors by returning said rounding errors in the
form of feedback to the m-level-coded process which is

15 performed by said m-level-coding means.

5. An image data processing apparatus according to any
preceding claim, wherein the size of said first window
for said (-level image data is substantially the same as
20 the size of said second window for data having undergone

said image process computations.
6. An image data processing apparatus according to any
preceding claim, wherein said windows are substantially

25 rectangular.

7. An image data processing method, wherein {-level



sald i mage process conputations. 6. An inmage data proceéshﬂg appagratus. :ﬁ\!
according to any preceding claim wherein said-windows—are substantial | 5;_
rectangular. 7. An inmage data processing nethod “evel T
-18- image data is coded into mlevel coded inag ﬂﬁmmm“ ll g the
steps of: defining a first wi ndow of a predeterm Hedcsize;" prfocéssi ng _
[err]-level inmagé data into mlevel coded 5 i mage data with reference to
said first window, calculating a nunber of dots to be re-arranged in
accordance with the processed mlevel coded i mage data; re-arranging the
cal cul at ed nunber of dots within a seddhd wi ndow of a predeternined size in
accordance 10 w th a dot arrangenent of said [err]-level inage data; and-
di ffusi ng imwge sdawpi chs @gadederdarta em-1level; heodadcimagen dataan i mage
dat a proceSS|n net hod accordlng o claim15 7, wherein the cal cul ated
number of %ﬁfﬁqﬂx e Bt %Psd% feased in accordance with a reference

table. - 9. dat a ssin od acc n | ai ms..7 or 8,

wherein sal d er qWﬂ Jer@ n‘gfﬁag EanBrf 5% égtmrﬁﬁ’oer ' .
cal cul ation are yof g S ersr 0 e mhich S
not yet mlevel Pcodjeezh.ssejl . n'i?%ge %é;e praéggssllr%érr%t %égagcc%diﬁ Inmg to any

of clagms §pfaQed dathe Wi th IAer&iéRc8f t8akdibl Filks wisw&w-

calculating a number of dots to be re-arranged in

accordance.with the processed-m;leﬁel'coded image-dafa;
re-arranging - the calculéted_number of dots within’

a second window of a predetermined size in accordance

10 with a dot arrangement of said {-level image'data; and
' diffusing errors which are generated in the

calculation.

8. An image data processing methbd'accbrding to claim
i5 7, wherein the calculated number of dots is increased or

decreased in accordance with a reference table.

9. An image data processing method according to claims
7 or 8, wherein said errors which are generated during
20 said dot number calculation are diffused by feeding back

said errors to image data which is not yet m-level-coded.

- 10. An image data processing method éccording to any of
claims 7 to 9, wherein the size of said first window for
25 said ¢-level image data is substantially the same as the
size of said second window for data having undergone said

image process computation.



225 said [err]-level .image data is substantially the sinE*asthe—size—of—=
saidssecond w ndow for data having undergone said i nage pr

conpdt ati on. . *Ci .L "M-19- 11. An inmmge data proceF@ﬂm"MaI"H)u””“I
according to claim 10, -wher.ei n sai d wi ndows are substantial ky ¢ect angulsar »

12. A nmethod or apparatus according to any of clainms 1 5 to 11 wherein

I mge data of different col our conponents are processed in association with
each other. 13. A nethod or apparatus according to any of clains 1 to 12

wherein said predetermned imge process 10 conputations inplenent

gamma correction. 14. -A nethod or appard®us according to any of clains 1 to
13.wherein said i mage process conputations include col oyr masking. .15 15.

A met hod or bhpard® (kege PrbEReBEPRGSSHRGe ™ AR 9 Gi2dBscri bed
herein with reference,to the acc anyi ng dr.aw ngs. 16, __A recording
of i mage datid prRRLely 31 W%Paggso¥Eﬁmﬁﬂgﬁgﬁﬁgﬁﬂiikh?ﬁf?ipgﬂéaﬁf cl ai ms
1 to 15. '
12. A method or apparatus according to any of claims 1
S to 11 wherein image déta of different colour components

are processed in association with each other.

kv/ 13. A method or apparatus according to any of claims 1
to 12 wherein said predetermined image process

10 computations implement gamma correction.

14. A method or apparatus according to any of claims 1
to 13 wherein said image process computations include
colouxr masking.
15 - |
15. A method or apparatus for processing image- data
~ substantially as described herein with reference to the

accompanying drawings.

20 16. A recording of image data processed by a method or

apparatus according to any of claims 1 to 15.




