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MULTIPLE TONAL RANGE IMAGE ·~PROCESSING SYSTEM 

ranges. More particularly, but not exclusively, to imprgvemen~s 

j.rr.age out.p-.;c. 
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~ar~atic~ are availabl~ anc c~n ~~educ~ a large ~u:nbe~ of tonal 

o:...ra~iatio::.s. :..=.se:r ~rir..t:!Z!rs o=: :.!:is t.ype: use a pi:<.el infor:na~ ion 
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including several bits of tonal range data and control the laser 

energy by generating a time corresponding to the tonal range data 

for each pixel by using a digital-to-analog (D/A) converter. 

However, these laser printers have a limit to the number of 

tonal ranges available. This limit is approximately five for a 

pixel size of approximately 40 µm2 

Using a tonal range expressing area composed of a plural 

number of· pixels according to ~he dot matrix techliiques coupled 

with the method employed by the laser printer technique an 

increased number of tonal ranges can be expressed. For example, a 

tonal range expressing area comprising 16 pixels in a four by four 
• i 

arr~ngement, the number of tonal ranges which can be expressed 

will be approximately 65. The amount of data for expressing four 

tonal ranges is originally allocated to each pixel, however, so 

that the amount of data necessary for expressing on~ tonal range 

is not less than what.is expressed by the following equation: 

(log 2S) x 16 = 37.2 bits (l) 

Accordingly, the amount of the data necessary for expressing 

one tonal range will be more than six times as much as the amount 

necessary for expressing 65 tonal ranges in a gray scale image, as 

indicated by the following equation: 

log 2 6S = 6.03 bits (2) 

Furthermore, most images are ordinary documents and drawings 

which have only the binary values white and black. In these 

images, the amount of data per 16 pixels for the expression of 
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:r:an :.::e a.mc~r:c. r.~ 

range ir.:.age 

:;;ri::::-:.=s.:.~g syst.:~ :..:.si::; a cc:ia.:. :::ange. .expressir..g al.-ea ::::-equi::-es a 

~e~c~y capaci~y several ::~es g=ea~er and a~ image t:ansfer speed 

q:::-e:.::e!' er.an a g~.'5.Y scale :maqe ~roces.si::g syste:n or iJinary value 

_._ .. _ 
--·-.:::>, 

5 .. r.:aq:s .:..:1 ~u.!.=i-::.c::a2. ra.r:ses ·~sing a :nini~um amount: c:e data 

=~:=~~sca~ces acd has &s an object :.o off er . . .. . :mage cucp~c aevic~ 

·,,i~.:.=:: is capabl-e ct -::·:pressing :.:nages ..: ..., !:":.ul~i9le ten.al :?.:anges :..:t 
-. as s::a.L..!. -.., 

Cl-- a:not!!1C o: - . . cat.a ::~.;qu:.=~ng any i::crease the memory 

""...;....:;-.:-....,-i .-.,.."---- .._ - - .• a- cbject:s and. ad.va:::ages cf t!-le ~~venc~on will be 

se.: :orth in I I • o • • part ~~ ~~e c~sc=~p::o=. c= may be lear~ed by 

~=a=::c~ of che invention . . :.- The objects and advantages of t~s 

i=ve=cicn cay ce realized and at~aice~ by ~eans of the 

i::s::::::"Umenta.li:ias .:inc comb:..:!at:ion part:icularly 9ointe:ci cue. in the 
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-? .-. ~ : ~.::. - ~,,... - ~ ,.., ,..,. --- --·-'----\..---':::::: .:;. spec a~ea, 

=o~~espo~c~~g cc en~ o~ a ~l~ral~=Y of incer~ediace spot patcer~s, 

. .. ... 
!)i:..:e..:.s ·.·:n:.c:l ,,_.::.~i ass:..:.::-:e 

. . 
~.ta.l.ue:s ar..::. also in a 

- . 1 . . - . ana cne p ura~i=y o: oucpu= spoc 

::a:: : .. ss~me 

7~a acccm;a~yicg craw~ngs, which are ~~corporated in and 

the invencio:: a::.d, :cge~!:.er with r:h.a: desc:-ipr.:.on, ser·.re to e:-cplciin 

cne =bje~cs. advantages ~~a pri~ciples o: t~e invention. 
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.!.:! the drawi.~gs, 

='ig. l is a!l i.llt:.st~atio!'!. for e:~plainir:g t:he te:?:::is used in 

::he descript.:.o~ 0£ i:he e:-:ainpl.:s of pref erred embodime:its of the 

?igs. 2(a) .throug~ 2(d) illusc:?:ate an MGT spot pattern 

accorC.ing to a first example of a preferred e:mbodir:i.er:.i::. of the 

prese:ic invencion for densit~es l to ~ + 3/4; 

:igs. 3(a) through 3{dj illustrate an MGT spot·9attern 

ac:::c:::-ding co ::~e f i:?:st example cf a preferred ern;:,odiment of the 

present ir:.ver.::ion for de~sities 5 to 8 + 3/4; 

Figs. 4(a} tt~ough ~{d) illustrate an MGT spot pattern 
• ! 

accc:-ding ::o ::::e fi:::-st. example of a preferred ernbodiment of the 

present inve~~ion £or dens:.ties 9 to 12 . 3/~· "1" - I 

2:.gs. 5 ·{a) c~ro-..~gh 5 {d) illust:::ate an MGT spot pattern 

acco:::-ding to the f i~st example of a preferred embociiment of the 

p=ssa~t inventio~ fo= ciensities of 13 to 16; 

?ig. 6 ~s a c~a=t illust~ating an o~tli~e of an i~age 

proc€ssing opsratic~ pe=fc~~ed by a printer in the f :rst example 

of a preferred embocime~~ of the present inven~ion; 

:igs. 7(a) through 7(e) illuscrate variations cf the 

ar:::-ancemenc w~ich the XGT soot ~attern mav assume in the first - .. - .. 
exa~ple of a p=eferred embodiment of the present inve~ticn; 

?ig. a is a bioclc diagram illustrating a struct~re of the 

fu~ctions 
- .. ot a:.1. enr..:.re system in the first example of a preferred 

embodiment of the presen~ invention; 

-- :J, -
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Fig. 9 is a block diag::ara il:!.ustrat.ing 9rocessir:g operatior:.s 

pe~=crmed by a rasteriz:.~g unit in a host ccrnpuce~ in the first 

example of a prefer=eci embcciµ.ent cf the present invention; 

Fig. 10 :.s a :low chart .:.1:::.ust=ating pro(;essing operat:ions 

per.formed by i:ha raste:?:"izir.g U ni+- • ·--""', 

J:' • - J.g. 11 is a char;: illuscracing example of a positional 

relations~ip between a th=eshold macrix and the MGT spot to whic~ 

the rastarizi~g unit refersi 

Fig. 12 is a chart illustrating a~other example of a 

posi~ional ~elationship betweer. the threshold natrix and the MGT 

spo;: to which the ...,..: c: ~.o.ri ?' i ,....g 
-~.-'------·· unit • refers; 

?ig. 13 ~s a ~~ar= il:~st~ating an intermediate spot patcern 

. ... .!.n ~ •• e max.imu:n density usable in the arrangerr.ent sI'.cwn in Fig . 

7 {ai ; 

Fig. 14 is a char~ illuscrating an attribute and.o~der 

de-:.e:?:"m:.::.ed in advance for a MGT spot; 

F~g. 15 is a chart ill~s=rat~ng a~ exa~ple of an attribute 

--- ... ··v· ..• a.1...-~--1 

Fig. 16 is a c~art ill~st~ating an example of an order 

mat:::-ix; 

Fig. 17 is a charc illustrat:ing an example of the 

rela~ionship between an orde~, a maximum threshold value, and the 

minimum threshold value; 

~· iac } tn· ~oug·n is(a) _;_1_1ust~_at·e ~ spec_i_~_~c ~-xample of a . igs . _ a _ • _ - _ 

conversion of a gray scale image into a raster image; 
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:ig. :? is a blcck diag~am ill~strat:..ng a ~ardware 

cons~r!.ictio:l of a ha:f-t::cne co::.vart :..:lg u::.ic in a printer in the 

£irs-: exam9~e of of the . . . 
presen~ :nvent:or-; 

?igs. 20(a) and 2G(b) illus~ra~e a specific examp:e cf a 

bour:dary condition c::eck which t::he half-tone converting u~it. 

per::orm; 

Fig. 21 is a block d.iag~ara illusi:rating a const.r:..tction of the 

pri:i..c:.pal pares cf a laser print:G.r in a second exampi·e of 

nreferred ernbodiment of t.b: present: inventioni 

?ig. 22 is a b2.ock diasram illus~rating the co:-lst:?:ucticn of a 

line data buff er in :.he laser prin~er in a second example of 
I 

preferred embodi~ent: of ~he ?resent ir.vention; 

?ig. 23 is a c~a~~ il:ustrating an MGT spot pattern to be 

prccassed by the :aser p:?:inter in a seco:ld example of preferred 

embod:.ment of the present i~vention; 

?ig. 24 is a block ciag~am illust=ating a construction of a 

pat:er~ recognizing ~~it in the laser printer i~ a second example 

of prefer~eci embodi~e:1-: of t:.he p~esent .inventior:.; 

?is. 25 is a block ciiagra~ illustrating a conscruction of an 

image sig~al rr.odula~~ng dev:.ce in the laser pri~ter ir: a second 

- j - .:: .,... rt:>Y .4 e • n; '"l!>l"1t 1:::xamp-= o.:.. ?- e _ -- re..... moo .... _ .. :·-·· of the present invention; 

Fig. 26 is a block diagram illustrating a construction of a 

pattern recognizing device ~n a modified structure of a second 

example of prefe=red etr .. ?odir:ient of the present invention; 

Fig 27 is a c~arc illustrating an MGT spot pattern which is 

processed according ~o t:he ~od:.fied structure of Fig. 26 of a 
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seco~d example of prefer:::-ed e~bodiment of the p:rese~: invention; 

and 

?ig. 28 is a block ciagram il:ustrating a conscr~ccicn of a~ 

i~age signal modulating d~vice i~ a~other modi=iad st~uc~ure of a 

second exa:nple o:: prefe:::-:r-:::c embodi:::e:!:: of ::!le pr·::sent. inv.:nt:ion. 

'!'£:.e following -::;efere:'.'lce numbe!"s are used in t!:ie figures: 

Lecends ::o .Re.f erence ~·!.:irks: 

10. Host compucer 

:1. Gray scale inpu= unit 

~~- Rasterizi~g mea~s 

, .. 
-=>. 

? .... ... v. 

Thresr..clc •.:-alt:.e: matr.:x and. 

:::..iaser 9::-incer 

21. ~alt-tone converting unit 

23. P~i.nt engine 

31. Gray seal~ i~age 

. . .. 
:..::'lt:er~eaiace 

3 3 . Maxi::-,um thres::-:.cld value mat:r::..x 

35. ~·!inimurn th~esh.old value matrix 

37. !~termeciiate s9ot patte~n 

39. Raster irr.age 

D:r.~~..r:ncs 

F!G. 1 

l. t: l .:_t- A .. a __ ... en ... cell 

d. Screen pitc:t 

e. Screen angle 

3 . Sc~een spot 
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FIG. 2 

1) Dens'.i.i:y 

~} Density 

3) Incerwediate spoc ?actern 

G) Output spot patte~n 

7) Density 

S) I~termediate spot pat:ern 

9) Ou~put spot pattern 

:o) Der:sity 

:1) =~~ermediate spot pat~ern 

"?' __ , Output spo~ patter~ 

FIG. 3 

:) Density 

2} Intermedia~e spec pattern 

3) O~tp~t spci: patter~ 

4) !Jensitv 

5) !ntermediace spot pattern 

6) Output spc~ patter~ 

7) De:-isity 

8) Intermediate spot pattern 

9) Output spot pattern 

10) Density 

11) !ntermediate spot pattern 

, ., ' 
--J Output spot pattern 
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FIG. 4 

:!.) Der..si::y 

2) Intermediace spec pat::er~ 

3) Output spc~ ~at~err. 

.:1 I • I Dens.:..cy 

Inter~edia~e spc~ pattern 

6} Out.put spot pattern 

7) Dansi::y 

S) i~ter~ediate spoc pat~ern 

q' 
- J Output spot pat~ern 

:o} De::::sity 

::) Inte~mediate spo~ patter~ 

12) O~tp~t spc~ pat.tern 

FIG. 5 

1 i Densii::y 

3) Outpu~ spot pat~er~ 

4 I Dens.icy 

5) T_r.~ ... ~-~~ .... c_d_i~-... e S'Oc- o~·te~n ~ - - - - a1.. --

6> Out.put spot pa~ts=n 

7} Density 

8) !n~ermecliate spot pattern 

9) Ou=pu~ spot patte~r. 

10) Dens:.ty 

i:) Intermediate spot pat.tern 

12) Outp~t spa~ patter~ 
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FIG. 6 
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5) 
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8) 

.:<ast:er i:nage 

::-th line 

!'- + :s::. :!.ine 

- .;. .., - :!.ine .. ~na. 

.. ..,.. 3rd line 

n 4th line 

..., 5th lir;.e 

::> • I~termediate spot: patte=~ 

7. Pa=~e=n such as line image 

10) ?:::-inter 

11) ~ED C~~ving pulse 

:2) Ene~gy less than o:?e doc 

c ':). spot pat:t:e:=n 
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:4. 7. Pat~e:=n for lir.e image and t~e like (Not c~anged) 

FIG. 7 

FIG. 8 

l) Eost ccrnpucer 

15. Threshold value matrix and intermediate spot pattern 

13. ?.asteriz:.:?g means 

11. G~ay scale input ~ni~ 

2) :Waser pr:.nt:er 

Halftone converci~g u~it 

23. ?rint engi:?e 

3) Original gray scale image 

4) Ultimate half-tone i~age 

- , ~ -_ ... 
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FIG. 9 

31. Gray seal; iw.age 

:3. aas~erizir.g ~eans 

39. Rascer imaq.e 

33. Maxicum threshold value macrix 

35. Mi:ni-:-:".um chres:told ·;alue mai:rix 

37. Intermedia~e S?Ot ?attern 

!"IG. 10 

Sl. G::<AY LSVE:: OF PIXEL IS co;-.:p_:::._~ED WITH Y:...h.XIMi.n~ 'I'ERE:SHOLD 

VALUE 

55. :'HE GR..~-Y :.:::::v=:L :::::s cm.JPA..~ED WI!E MINIMUM THRESHOLD V-7~.LUE. 

S7. G?_::._y LEv'E:!:.: IS SM-:....LL2~ 'I'P.A..?\ MINUfuH THR:SSHOLD VJ.LUE. 

SS. :s THE ?IX3L AN 3LE;.f:-:N? OF MGT SPOT? 

SL! .. P..=:FEREKCE :!:S ;.~::: TO CORRESPO~lD!NG INTE::<..MEDIA':':S SPOT 

PATTER...T\i. 

SlS. THE PIXEL :s £XPRESSED ~..S BIACK. 

Sl7. ...... .., 
I_ .. -••--' 

FIG. 11 

FIG. 12 

PIG. 13 

BLACK IN' THE I:·iTEPJ'!EDH·-TE SPOT ?ATTEP.N? 

PIXE!.. !S EXPR3SSED AS WHITE . 

Intermediate spot pat~ern (Degree of darkness - 12) 

FIG. 14 

Att~ibut~ I Orcer 
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FIG. 16 

O=:-deY mat::::.x 

:'IG. 17 

1) ~ensitv c~::::-esho~d 7alu~ 

2) 0::::-de:::::-

FIG. lB 

, \ _, 256 tonal ::::-anges 

2} 65 tonal ranges 

3) ?atter in 6-1/4 densi~y 

FIG. 19 

Selector· 

59. Decode!" 

57. Boundary co~dition checke= 

61. I~age s~g~al ~oc~lacing device 

FIG. 20 

A 

~(: :gr;ored) 

5: 

:.(: Ignored) 

?IG. 21 

FIG. 22 

FIG. 23 

l) Der:.si::y 

:!) Intermediate spot pattern 

J) Output spot pattern 

FIG. 24 
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?!G. 25 

7T,... 
.. -\,,:I'• 26 

?IG. ?-
- I 

?!G. 2 3 

~ n~~~~~~hea.• ~1uY~1 ,_ ;.'- --'-"- _...., ~- ---
. . 
ccr..a.!.. 

~o::a~ ra::ge :.mage 

- \ ·-· 
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::.e::s::.: :.·:s . -

~ .... -:..---~-·~..,~= -- ...... ~- ------

·. 2) a ~'!'Ii =-r-o~-=- ,._.,., .. ~,,_r; n-...... , __ - ··- _____ .., -- --" '::: 

12·1-::l 

1::-;ans, 

~-::::. """'··- pi~els 

area 

::~v:.:-.:;- c· ... 0 c: spec:.::..ed ma?1:,; :.ypes of inte:?:"mediac.e spot ?~H:t:erns 

ir. 

;1""r.-. 
-··-~ the correspcnding c~e o::: the spec:.f:!.eci 



presc=ibecl nu[l'l.be~ of n'~lti~le tonal ranges with a cotr.binaticn o~ 

·· · ·~ ,-:...~~·.., --- a--..,-'""--.. ,·--· ..... - ""o-·- v-lu-c: --r a·enc:i''"·· cnose pixe.i..:> ~;~!_,_._. __ ·-a~! .:>::it~ ... ';: :....-::::.. ~-c::...!.. -z ....,:.. '" ..[.o:::; a. c~ • .,,_ ·- '-.! • 

What :.s mc:anc ;1e:::"e ~:' ~'.:le ~=-=p~ession, "have actually e:q:>ressed" ::t.s 

that :.t can be us~ally recog~ized that ~te accual image printed 

cue or d:.splayed co~reccly expresses the mul~ipla tor.al ranges. 

Fu!"t!:.er, ::.he :nany cypes of inter.11ediate spot: patterns 

mentioned a~ove a=e :hose S?Ot pa~terns which have logically 

expressed a. presc~i..!Jed number of. mul~iple to::1al ::-anges wich a 

ccrrbinatio~ o: those pixels which can assume only binary values 

and also .:..:: a vari.:d .:i.r:::angement of p:.xels. Here, the express::.on, 

11 i:a~re logically e}q>rassad," means that: the spot patterns logically 
' ! 

::::-ecognize the multiple ::o:-ial ~anges although chey do ~ot 

necessarily e:r:press the mu:!. ~iple tonal ranges in such a manner as 

to ~e visually ~acog~izable. 

A multiple tonal range image precessing system i~ accordance 

with a second aspec~ of ~he present i~vencion is a system for 

converting a gray sca:e image i~~o a raster image having a spec 

area compcseC. of a prescri;:,eci. plural ::.umber of pi:-::els ::or mult:.p::..e 

tonal range expression, and this system is provided with the 

fol~owing elew.ents: 

(1) a dither macr:.x having the spot area locaced in a 

prescribed position; 

(2) a plural ::rur:lber of types of spot patterns composed of a 

combination o:: those pi:-:cls which can take o:i.ly presc::-ibed binary 

val~e densities and which, by a variation of the arrangement o= 
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-h~ \.. •• t: p:..xeJ.s, logically of tonal 

~he rr.axi:r.ur:: r!\.!:n.ber c: ::he pixels thus com.bir.ed; 

ranges -~- ., 
----~-~ 

(3) a f.:.rsc ~~s::erizi~g mea~s which ccwrerts ~~e g:ay level 

cf spoc 

the gray scaie image defined above into binary value dens~tias, 

usi~g the dither ~acriY.; and 

(4) a second ::-asterizi~g means which converts t;,.e gray level 

c= at least some of =he pixels locaced in the spot a=ea . 
111 'C.ne 

gray seal~ ir:.age into the bina::::y value densities, using t!:':.e spot. 

~a~::e::-n de:ined above. 

In ::.!1e :::ul tiple ::c~al ~ar:ge .:?.,:na.ge p:!:"oces¥~~g system accordi:'.lg 

co~·:er::s a g::::-ay seal~ .:.mage into a raste::::- image composed of pixels 

having bina:y value densities. The ~ascar image inc:udes 

.:.n:ormacion indica::~~g an inter~ediate tonal range er.~edded in an 

ar~ange~e~c ot pixe:s fc::-mir.g a prescribed intermediate spec 

,..,. :: --:::. .,....._, :::i-1...---·-· :'!:.e!"efore, ~::.is raster ir.:age 11 logically 11 exp:::-esses a 

larger numza~ tonal ~·ang.::s, using pixels in binary value 

dens:ties, than the ~ur:ber of tonal ranges that can be actually 

e:<p:::esse:ci. ~ half-tone converting means converts this raster 

ir::age intc a hal.E-tc:1.e image which 11 accually 11 expresses the 

re~ltiple tonal ranges, us~ng pixels in density not less thar. a 

~ertiarj: value. 

When ':::.is sys::e:n is applied, for example, to a printing 

syscem comprising a host computer and a laser printer, it is 

possible to provide the hos~ computer wi~h a rasterizing means a~c 
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a ~alf-t.o~e converti~g means, 

wn:.c::. -:xecuces im~ed:.ately cefo!."'e ... print-out operat.io~. With 

this =o~st~~ction, i~ages ~hie~ are co be stored and processed 

are ras~er ~mages and it. is possible to util:.ze 

an ap?a::!:atus naving a me~o::y c~pacicy anci a processing speed 

corresponding ::.o an a:n-::n.:.nt of daca smaller ::r!an a large number of 

tcna.: ranges w!:lich can :be exp::.·essed ul c.i!:lately. 

~n the ~ultiple tonal range· i~age precessing systam according 

tc a second aspect of the present i~vention, a first rasterizi~g 

~eans conver~s the g~ay level of t~ose pixels which are locateci at 

1 .=.-c::---a.- - :n the outside 0£ ~~e spot:. a_::.-ea in the gra~( scale image into 

b~~a=y value ciensi~:.es, using a di~he~ matrix prepared !n adva~ce. 

Fur=::er, a second :::.·asce!"izir:.g means converts the gray level at 

leas~ in so~e of the pixels locaced in the spot area in the gray 

sca:e image into binary value censities, usi~g an int~rmediate 

spec pa~ce=n ~reparec in advance. 

:..ir!.e c~a::-::s and contours of s;raphic :igures contair!ed in 

or:.ginal g::-ay scale irr:ages are cor..verted into patterns of pi::ce:s 

o: b~na=y value dens~cies in acco~dance with the patter~ shapes. 

Fu=~I'-ermore, half-~cr:.e areas in which ir.termediate gray levels are 

in a two dime:1sior:.al-distri:Outio:i of cor..r:inuous variation are 

co~verced inco a dist~ibution of intermediate spot patterns 

logically expressing mt!l~iple tonal ranges. Moreover, the 

ince~rr.ediate spot patter~s are isolated from one another to the 

maximum extant possible ir.. the converted raster image so that 
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~~ese patterns are ciistinguiscsd spat~ally and also logically from 

those oatterns w~ich cxp~ess line ~mages or the like. 

s~cr. a rasce~ image favo~ably and logically ex?resses both 

:::ie ::!Ultiple conal range pa:.ce!.·ns and th~ binary value pat::er:is 

such as line ~mages in a half-cone area,_ and such a raster i~age 

has ::he sa:.;e amou:it of data as an image eY.p~essing only patterns 

in bi:iary values. !his amounc of data is smaller than an amount 

of cat:a in an image expressir:g m'bllt:iple ::::-anges by the prior art: 

p~ocssses. 3y sto~ing this raster image and processing it, for 

exampie, in a p~inter, a~d detecti~g only i!'ltermediate spot 

~ --a·~- .. .,,,;,, hef r""' - -.,.-int - -r 1-;,.. d - ... ; .:.m ... ;:; -c:.'---• - _c - c:. ..... ___ -ou ... cnc::_aL_....,n an conver;..._ng - - ' - : 

ti:-~e::-: into s9-::>t pa~ ce::-ns ac:::.:ally expressir:.g mul ti.ple tonal ranges, 

~akes it pcssible to p=oduce pri~c-out high-quality images which 

=avo~ably express ~alf-tone images in multiple to~al ranges as 

well as :o.:.~ary value ;ia::.terns for line images and ~he like. 

In an example cf a oreferreci embodi:::ent of c;:e p~esent 

:.:!\."e:it.ion, a ~·lural r:.\.!.m.Der 0£ t.ypes of dither matri:-:es are 

prepared i!l acvance ~o correspond to a plural nur:nber of· types of 

ar=a~gements of diffe::::-ent spot area densities . . in a raster i~age. 

Eac~ of the dit!'ler matrices is set up in acco:?:"dance with a 

co~d~t~o~ that limits th~ usable types of the intermediate spot 

pat~erns to c~cse whic~ belong to a prescribed set of small 

der.sity ~anges so t~at the intermediate spot patterns may be 

isolated on t~e raster image in an arrangement of the 

correspor.di~g spot areas. The system is construcced in such a 

rr.an~er d:ac one of the plural number of t:.ype:s of dit.her m;;tt::-:.ces 

- 18 -



This Sheet~ Been Replaced 

111mo 111~1 mu~ 1111 

may be used selec~ivaly fc:::.- convcrt.ing a gray scale i~age into -

::-asc::::::.- image. 

w~en a ciit~er matr!x ta?ing a high densi=y i~ the spot area 

has bean selecced, :he range of densities i~ ~hich multip:e conal 

:::-ans·~ expressior.s can !'e ar.cai:1ed is decreased, and yet the 

resolution in che ha:f-tone area i~ which a multiple ~onal ran~e 

expression is produced will be enhanced. When a dither matrix 

having a low der.sity has Deen se~eccea, the range of der-sities in 

wnic~ r..ul::iple to~al range expressions can be attained will be 

inc:::.-eased, b~t ::te resclu~ion in the area i~ which a multiple 

~ ,..,-1 -.- n - vo,.--s .;,.,,.. i-:: .... ,.-c· - · ; ...-- · .. ,.. · _o .. _a _ _ a_.gc: e ___ -c: s_.., ____ :i- -aucc:q _s ... c:a-.;.._ea r Thus, this system 

allc~s a selectio~ o~ a~ appropr~ate dither matrix i~ a manner 

c:•1; .... =~~ ,=.. _u_._.._J..j __ for each particular case. 

Sc:;;e terrr.s used in che following description will be 

exp~ai~ed with ~e~e~e~ce to Fig. !. The term, "gray scale image," 

mear:s an 1r.:age which has many ir~::ermeciiate tonal range values 

betwee~ the white :evel ar:d the black level =er every pixel (do:.) 

The =erm, "rascer i~age," ceans an i~age which has a fixed tonal 

=ange value of eicher ~~e ..... 
W:":.l.t....e level or the black level in eac~ 

pixel. The term, "half-tone i:nage, 11 means a t:ype of :::-aster image 

composed of half-ton~ cells. ':'he term, "hal=-tcne cell, 11 means an 

area : , as .show!'! i:1 Fig. 1, co:ipcsad of a plural number of dots 

expr'2ssing an i:t::-:!rmediar.e tonal range by t::.e nutr.ber of black 

dots. ?he term, "screen spot:," :neans a lump 3, as shm·m in Fig. 1, 

of black dots in a half-cone cell 1. The term, 11 spct pattern," 

means a shape of a screen spot 3. The term, "screen pitch, 11 means 
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an i~terval d fo~ th~ arrange~en~ cf hal=-ccne cells, as shewn in 

Fig. 1. T!:e term, II screen angle II ~eans t:!:e a!!gle e which t~e 

ang.:.-= cf -t.,-...... c: spocs fO:!:."i:lS wi::h tr..e horizon~al 

ci~ec::icn cf the paper surface. 

"MGT," ::.s an abbreviation of -'-iio ___ ._ expression, 11 ~-1icro 

Gray Technology," which is :..i.sed as the designation of tC.e image 

processing sys-c.em acccrc.:!...::g ~o the present invenr.ion as desc!:'ibed 

in ~~is Specificatio~. 

In a preferred e~6odime~~ of the invention, the entire system 

co~prises ~cs~ comp~ter 10 and laser princer 20, connected to ~osc 

ccmpu:er :o, as sho~~! in =ig. 8 (a~d describeq in detail la~er) 

S:ost: ~cmpu;:.er :o :..::?llts a gray scale image, converts it: i~::o a 

ras~er image, and ~ransfers the raster i~age to laser printe~ 20. 

r.as~- ~-~-~-~ --~o 
- -- !:'- -··- -- cc~verts ~~e rasce~ image from host computer :v 

:.nt:o a '.::al=- :o::.e ir::as-e which properly expresses the ~o.nal ranges 

a::d ?::::;.::cs ot:.c the ·::esul tar.t half-tone image. 

~· rigs . 2(al ~::.:::ough S(d) show various spot :,?atte::!':"ns . . . . 
c.et:e~m:.::ea 

:.::i advance for t.:.se i:: obi:aining an ultimate half-tone image frc:-:t 

al"__ • • 1 i · · · · c:::~gina -g:::ay sca_e ~mage ~n t~is system. 

To express 61 tonal ranges i!! density intervals of 1/4 in 

C.e:nsir..y f'!"o~ 1 to 16, t.wo ::ypes of s;>ot patterns are used. These 

are referred to as "an ince~~edia~e spot pacte~n" and "an ou=put. 

spot pattern" n!!d are sec ~p for each of the tonal ranges. These 

spo~ patterns are se~ up as a pattern consisting of black pixels 

in ac area of four pixels by four pixels for a t:otal of sixteen 

pixe:s. !!! subsi::r...:.ent par::s of this Specification, the ar~a 
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cc~posed of ~cur pixels by fo~r pixels i~ which each of these spo~ 

patcer::s is set up :..s call.::cl a~ "MG':' S?OC." 

Ar: 11 int.armadiate spot pat::.:r~" is a spot pa<:t:arn 1.iseci for 

exp~essi.:lg che ~ulciple cc~a: ~a~ges ~n a gray scala imaga when 

host compt:ter 10 co~ver::s an •::ntered gray scale-image ir.::.o a 

raster image, as will b.e 1:i.t:sc:::::-ibed in detail later. This 

i!"lte::?::"::<ediate spc::: pat ter:i, which allocates a black le,rel or a 

white level to each 0£ sixteen pixels in an MGT spot pattern, 

has a total of sixteen bits in ~he amount of its data. The number 

of tonal ::-anges whic!: ca.:l be expressed by t.he number of black 

pixels :.s essentially si:-:-c~en r.onat- ranges. 'E}oweve?:", -cr_is 

inte~:nediat:c spor: pat\:err: 11 logically" expresses a n~mber of to11al 

ranges £0~~ t~mes as many as the above-mentioneci nu~~er of the 

~~Q~~~;a1 ~cr.'-i r-ng~c ;-~ - a1 d t h ~- ~ . an -~- -··-- _ - -.:z.- - c.-. _.., W-l..-- -.o:: _ ::ange a a emoeacec. in -

arra~~e~er.t of black _Pixels ~n -~i·s i·M~~~Med•a~~ ~~r.~ pat~arn 
- -~ ..... __ ··---"'"' - l,...':: ~!:'-'~ .... . - • 

• ::..r. 11 oct:put spot pat~err:." is a spot pattern for conve:?:"t:ing an 

inte~~edia~e spot pat-cern ~~ a ras~er ~mage when the pri~ter 

prin~s out a raster image =rom hose computer 10, as described 

later. In other wcrd.s, this output spot pattern has to!'lal range 

data embedded in an arrangement of black pixels of an intermediate 

spot ?a~ter~. the to~al range data being made kinetic as the 

n~rnber 0£ pieces of black areas at intervals of l/4 of a pixel, 

and t~e side of the black area fai~hfully expresses the density. 

Fo~ example, th~ four tonal ranges from the density 1 to the 

de:nsit.y 2 by 1/ 4 ci.~1"!.sit :.es is shown in Fig. 2 (a) . The number of 

black pixels is two :~ the i~termediate spot pattern, but the 
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ar::-a:ige:rnent of t!:e black ~ix.els is d.:..?:£erec.t fo::- eacC:. t:onal ::-a:tge 

em!::edd.e:d in this a.r!:"ange:nent. Th~ cor~espo~di~g outp~~ spot 

pa?: ter;-. ~-3.S tho: er.i.becideci .:o:-!.al ~-a!"!.ge made kin.s:: i~ DY the black 

T~e size of ~~e black a~ea 

::aii:hfully e:-:p:i.-esses che de:1.sity =:::-cm l to ') ;,., i/.a. oiv::=.1 - --· - - - -.r...---

inc~e:nents. 

7h~s, the utilizac~c~ of an intermediat:~ spot pat~ern witc 

~on~l range data embedded i~ the.black pixel arrangament greatly 

red~ces the a~ount of daca in the ::-aster image co be p~ocessed ~y 

a prin~er i~ compar~son co the ~ltimate half-tone image which uses 

pat~ern a~d ~~e ouc~uc spot pat~ern is set in such a manner tha~ 

~~e diff e:::-ence will . . h' ' oe \•;it .in ~r .. !:'ee cf the 

di==erence i~ patter:l a~d within one piY.el in ter~s o=.the 

3e~a~se o= ~~is, s~de effects are very 

sr::.a:l wher: the diamete~ cf or..e dot is as 2 s:::all as 4 0 p.-::i , even 

a ccr:ve~sio~ has been er~oneo~sly made of a pare which was ~ot 

Fig. 6 shows an ou:::ine of the image processing operation 

wh~ch the p=i~~er wil: perform i~ this system. 

. -

The printer receives an inpu~ cf a raster image as shown on . 

the :aft side of Fig. 6. In soilie cases, sue~ a rascer image 

incl~des boch a half tone portion, such as a photograph, and a 

por~ion in black and whi:::~ l.;vels ,. suc!i-as 
., . . 
..:.. ine images . In suc!:i a 

case, th~ half-tone is cxpr~ssed by an intermediate spot pattern 
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vi as ~entioned a~C'le, and the black ar.d whi~e levels 

When a raster i~age :i~~ this is entered i~=o a printer ( .f!-.,. .. __ ....., .... 

exa::tple, a laser printer) , 
. . . 
1!: t: C~:!'?CC..!.a t. S 

in~armaciiate patter~ 5 into a cor~esponding output pattern 9 while 

~eca~~ing the pattern 7 fo~ li~e images and the like as i~ is. 

T~e p~inter t~en a~?~ies t~is output spot ?acter~ 9, toge~~e~ with 

c~e pat~e~n 7, as d~iving pulses to a light emitting diode, which 

is usec as a~ ~mage drawi~g lase~ unit. As ~~e ~esulc of these 

opera.~~cns, the ha:=-tor.e i~age orinted out c~_n express such half-
~ t 

~onal ranges while the ~ine i~ages and the like are expressed 

disc:.~c::ly at black and white levels. 

Xcw, i~ ~he processing cf images by a printer as.shown in 

?ig. 6, is cecessary to d.:.scinguish between .:.~:er~edia:e S-~ ... ~v-

?ac:erc 5 a~d pa~cer~ 7 for line images and ~he !ike in the inpuc 

:::-as~e?: :.mage. One of ~:::e .:.::dicacors which can he u::ilizeci for 

makir:.;r such a ciisti!!ction is ::i.e difference between whet.her 

pactc~ns composed o= black pixels are isolated fo~ t~e indiv~dual 

half-~onc cells or connecced over any plural number of half-tone 

cells. That ~s, a spot pactern exp~essing a pale half-tone shoulj 

gem~rall~f be isolated for t:-i.-: individual half-tone cells as shown 

in Fig. l. On the ocher ~ar.d, a dark black pixel pattern forming 

a line i~age or -=.r.e like should be connected from the startir.g 

pain~ of a li~e to ~he end point. Therefore, as desc~.:.beci· in 
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. . . 
c.e c:.2.:..!. la~er, the 

. . 
c.et:erm:::.:."!~s the black :)i=-::el 

t --r-- a"ec-rc-c' ... =_-r._.-.. t'.,:_ pa -..t:: !.::. t::~ ';:::; '" - inpu::. . . - d =aster ::.~age are iso~ate or 

co:J.r:e:::::ea. 

To mak~ the above-mentioned disti~c~icn pQssible, the hose 

computer muse set ~? ~ha ~ntermeciate spot patterns to be isola~ed 

frcrr.. one anoi:!;.ez:- as much ss ;?Ossible on t.he raster image when 

co~vert:.::g the gray scale image 1:i.tc a raster image:. To attai~ 

chis setup, ce:?:"tain rest::.·ictions· en the arrangeme~t eif the MGT 

spo= pa~ter~ on tee image and the type of the usable spot pat::e~n 

are :'..:nposed. ?igs. 7{a) c~rough 7(g) shew variatio:i.s in the 

arrc.ngerr:.-::r.:: of t:te ~!GT spot (the a;ea enclose9- in th.e t.hick solid 

li~e~ which is to be ernp!~yed for this system. 

?ig. 7 (a) shows ::he r::osc dense ~:GT spot ar:!"ar:gernent and. Fig. 

7(g) shows the mos~ spars~ arrangemenc. Figs. 7(b) to 7(£} show 

inte::-::-.edia~e density arrar.gemencs in. T~e rectang~lar;_ shape 

ir.dicated in a b~oken l~ne i~ thes~ Figs. s~c~s ~he size -,. .. ,.. C\ •• ._... 

inc:inacio~ (scree~ angle) of the talf-eo~e csll a~ the lave~ o~ 

eac:: S:?O=. 

To ensure that ~~e S?O~ patte=ns in the MGT spot are 

isola=ed, the most ciense ar=angement shown i~ Fig. ?(a) does no~ 

allc~ t~e use of ~he ?at~erns other than thoss in the 29 tonal 

=anges from the densi~y 1 to the density 8 shown in Figs. 2(a)-{d} 

and. 3 {a) - { d) . For any densi=y darker than s, this arrangement 

can~ot isolate inte=~edia=e spot patterns fro~ one another so t~e 

tcnal ranges whic'.:l ca:;. be expressed will be eight tonal ranges 
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separaced and scat~ereci in ch~ ~a~ge E~om t~e density 9 to the 

de::.s:.ty 16. 

Fig-s. 7 (::,) , 7 (c} , .a!'.d 7 {d) / 

~ 5 :cna: !.'"a::.gas fro~ the da~sicy l to .... h.o 
1..... .... -

density ::..2 she~ .i.::. ~igs. 2 (a; th~oug::i. 4 (C.) can oa used. Wi;:.l: the: 

a:?:."rangament.s shown in ?igs. 7(e} and 7{f), t:!:e patterns in the 53 

tonal ranges f ~om che densi~y l to the densicy shown i:i .... 
~igs. 

2{a) ~hrot:gh 5(b) c.an be used. ·Furthermore, wic.h the most sparse 

arra~ge~ent s~own :.n Fig. 7{g) all 61 patterns in the tonal 

:::-anges fro::l ;:.ne der:sicy 1 to t!-:.e density 14 can !::>e used. 

I::. th:.s r.:anne::r, as th-= de:nsit,y of the ar~a:i.gement of the MGT 

spots i~creases, ~~e types o= ~~e usable spot patterns will 

dec~ease to a smalle~ range. That is, the range of tones in which 

fine m~ltiple conal ~ange expressior. can ~e actained will be 

limited to a range o= pale to~es. On the contrary, t~e more 

s;>arse: ;:he ar~a:::.ge::nent of ::i.e MGT spots is, :l'le :nor.a the cypes of 

the usable spo~s pat~er~s will ~e extended to a range of ~arger 

densicy. ~hat is, tte range of ~o~es in which !ine multiple tonal 

~anga axp~ess~on can be attained will be extended to the :::-ange of 

darker-tor.es. r•:ore~ver, since a multiple tonal range e:<p:::ession 

i.s mo:::-e in::lt.:.e:iced by pale ::ones than dark tones, the influence 

will be small, even if the range in which a multinle tonal ranae· - -
expressio~ can be p=ociuced is limited to a ra~ge of pale tones. 

011 t:b..e other har..d, the mo:::-e dense the arrangemer..t of spots 

~s, the srr.aller the size of the half-tone cells ~ill be. 

S?ec~fica!ly, th~ screen pitch will be narrower, and the 
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On contrary, the mo::::-e coa=-se -:he 

a::!:"~a::;.geme:it c::: spoc.s :..s 1 the :;_a::::-ger :.he size of the '.:-!alf-~one eel:. 

wil:. be. S?ec:..=ically, the sc~een pitch will be wide~, and t~e 

resclu~:..c~ wil: be lower. 

T:ius, tb.e th: a~rangement of spots 

changes in ~~e capability =o::::- ~ conal ~a::;.ge exp~ession and changes 

i~ the resolutio~ i~ inverse rela~io~ship. Tl1erefcre, ~t is 

desi~ab~a ~o dete~~ine whic~ of the arrangeme~ts of spo~s is to ce 

e~ployed on a case-~y-case basis in such a manner t~at the 

se:ected arrangerr.e~~ of spots is suicable for the pic~ure quality 

of :.::e origi!'!al g?:ay scale image ar-d the picti..rre quality er the 

like cf ~he desired p=i~~-

Nex~, the rle~ai~s cf th~s sys=em wi:l be desc:ibed wich 

re=-re~-~ ~~·~·g~ 8'-1 - .:...-:: ___ .__ "--'-' -- -· \0., th::-ough 20 (b} . 

Fiqs. S{a}-(e) illust~ate the overall constr~==i~~ cf the 

fun==icns o~ ~~is system. 

:'he hose ccmpu::e!" :o has gray scale in.puc unit ~l, which 

::-ece:..ves g::::-ay scale image data or:e line after another as .::ntared 

frc~ a~ irnag~ scan~e= or t~~ like, and ::::-ascerizing ~ni= 13, which 

co:~er~s che e~::ered gray seal~ image into raster data. 

Ras:e~izing ~ni= 13 converts the ~alf-cone portion of the gray 

scale i:-:1age inco a half-tone image \.!sir:g an interrned.ia~e spot 

pac=ern, as described above. ~asterizing uni= 13 utilizes two 

ki~ds o= :~=eshold value matrices {to be described in detail 

lacer), whic~ are stored in nain memory device 15, and the 

int.::rmediat~ spot in Figs. 2 (a) 
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~hs :aser p~~~~~r 20 ~as ~al:-=o~e convercing u~it 21, wh~c~ 

=ece:.ves a rasc.::r :.::1a·3'-e f!'cm r:ost computer 10 and converts the 

"!:aster i::-.a.g: into 23, w:iich 

Ealf-ton.:: co:;vercing uni:: 21 

converts a~ i~ter~ediace spoc ?a~~ern contai~ed in the raster 

~wage f sd fro~ hos~ compu~er :c inco an output spoc pattern, as 

already described above. 

!,Tow, the processing op.:~at:ions pe!:formed by rasterizing uni;: 

13 o~ host computer 10 will be describeci i~ d~tail below with 

~efere~ce to Figs. 9 chrough ~8(e). 

As shown in ?ig. 9, .,...;:; ::-.=.-.·i 7 ; r.g un_; t 
-~-"'-- ........ ... ., :applies maxim:!~ 

th::esho::d value macrix 33, i::i::i::mm threshold ~/'a::.ue mat:-:.:-: 35, er 

inte~~edia~e spec pattern 37 ~o entered gray scale image 31, 

the=eby conv~rcing t~e gray scale i~age 31 into raster image 39. 

Ee=e. the maximum tI'.:::-eshold value matrix 33 is a ccnve:?:"ting mat~.!.X 

Co"""'--.\~.:n,.. - c--4'-;::.m.:iinc· o.:= -i..- c· ~·- . ~es';...cl,.; ,,.-1 .. ,e :0.,... 
....... Cl----~'::: Q ... ;..a. ... ~·-·~· .:.. ..... c:: :n~i ... y en.. u ...... ..c:._.... ~ -

S?ec::yi~g black :o~ ~he individual ?ixels of the gray scale ii~age 

31. Moreover, t!:.e minimum t:hreshcld value matrix 35 is a 

convert.ing ::ia-:.ri;.: which contain a sr.atement of a density th:::eshold 

vai~e for specifying whi :e :Ee:!.- :.he individual pixels of gray scale 

image ') , ... _. 

T~e sizes of maximum chreshold value matrix 33 and mini~um 

:::.hres!'=.old ·1al·..;.e mar.:!.·i:·: 35 will be dete:?:mir:ed by the arrangerr.ent of 

~::e MGT.spot shown i:l Figs. 7(a)-(g). Specifically, che sizes of 

~aximu~ threshold value mat~ix 33, and minimum threshold val~e 

matrix 35 will be cecermined in such a manner that the spot 
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spots shown 

?igs. 7(a)-(g), ~ill be automatically cbtai~ed ~y -'-.:. ""'··- ap::,:·lica=i.on 

- . . . h . d o= ~aximu~ c~res ~i 1 . - d . . h . i· -va ~e ~a~rix ~3 an minimum t resno a va~~e 

~ac~~x 35 to eac~ o~ =~e i~dividual a~eas de~a~cated bv ;::.~e thick 

sol:!.d 1.:..:1.e i:: g:::ay seal-:: i::iaga 3 l as shown in ::.g. 9. 

Specifically, t~eir sizes are four pixels by four pixels in the 

ar=.::.:::tgement shown :.::i F.:!..g. 7 (a) , six pixals by s:.x pixels in the 

ar!"angement shm·m in Fig. 7 Co) , ·ter: -oixels by ce:'l pixels in the 

a~r:ngeree:ltS sncwn in ::!.gs. 7 '-i ,._, and 7 {d), pixels by 25 pixel 

i::. ::he a.rrangacr.en;::. shown i:: Figs. 7 (e} and 7 (f), and eight pi.:-::els 

Fig. 10 il.:..:..lst:-ates c:i.e flow of the p:-ocessing operations 

?irsc, ~~e gray level {density} of g:?:ay scale image 31 is 

ccr::.;·a~ed wict tr:e rnax.im:.:.r:-: ::!1reshcld value of t'.:-ls ccrresponding 

p:.x:_s in ::-ta:=:::.m....:.~ -:.::reshold ~raiue mat=ix 33 {Sl) . If the resul-:: 

cf :.:::e comparison !·eveals ::::ac the gray level is :::..arge:r than a 

. . . 1 . 
~ax~~ua t~resno a val;.:.e (S3) , then the pixels are specified as 

~ei~; black {Sl5}. When t~-; gray level is equal co O:!:' any less 

tha:i - 'he ---·- naxi.m:im :::.::-.reshold val...:e, tl:e gray leYel :..s 

·,Ji :.i:. r.h: rr.i:"li:-::.um th:!:eshcld va:ue of the cor::::esco:ldi:::.o oixels in 
- oJ -

che minimum threshold value ma=rix 35 {SS) . If ~~e result of this 

ccmpariscn reveals t!:.at: ~he s1ra~i level is smal:e:r.· ~han a minicr.um 

thrss!lold va:!.ue (S7), ~ne oixel a:?:e specified as being white 

( Sl 7 j • 
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When ;:::.e gray leV·3l is ::ct: larger than r.he max1m'...lm t!:.~eshold 

value and not smalle~ h . ' .. 
t.a~ cne ~in~mu~ t:hres!"!old value, t!":.e~ i c is 

cie::e?:"mi::eci wnec.:"le::::- c::::- noi: the p:.;·:els a:?:"e any element:. of the MG':' 

spot (S9). Z£ ~his operation ~esul~s in f.inciing -:hat 

par-:.:.cular pixels are not any .::!.eme!1.t:. of the MGT spot t::i.en the 

pixels are speci~ied as being white (Sl7) . When the pixels are 

the elements of the MGT spots then :?:"e£erence is to bs made to the 

inte~mediate spot patter~ co~~esponding to the density of the ~GT 

spot {S13), ar:d it is decided whether t.he particular pixel is to 

be specified as black or as whi~e in accordance with that 

inter~edia~e s~oc nactern (Sl3, 815, a~d Sl7) .
1
. 

- - t 

!·:ow, c. det:ailed descr-ipt: ic-n will be r::ade with respect: to 

steps S9 ~hrough S13. 

Figs. ll and :2 show ~he positional relationship 

bet:".\"een the MGT spot and t!:e tb:esholc vali.!.e mat~ix. .The 

~eccang\!.la~ a~ea i~d~cated by hatchi~g is each MGT spct and the 

rec:a~gular area enc:osed with ~he thick solid line is a th~eshold 

val~e mat~ix. Fig. ~l stews the positional relation to the spot 

a~~a~gement shown in Fig. 7(b}, and Fig. 12 shows the positional 

:?:elation in the spo~ arrangement: shown in Fig. 7{g). 

A judgwent whether er not the pixels ac step S9 are any 

elemc:::.t of the MGT s;>ot is to be made on the basis of the position 

of the MGT spot in the ~hreshold value matrix as shown in Figs. ll 

and :2. Specifically, if any pixel in the threshold value mat~ix 

cor::?:esponding to a particular pixel is contained in the MGT spot, 

it is judged as a~ element of the MGT spot. 
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:3 th:::-oug~ ?ig. !. 7 show how c!':.e :na .. :::..:r.~m t.h::::es'.'.':.olci valt:.e 

mat::?:i:< and the \":\ini.rr.um tr.:?:.-.:shold value ::iat:rices a.re det.ermi.ned 

wit!: exar::pies take:: f :.-0:7! ~~:~ S?O~ a~~az:geme:-?.t. shO''-'n in :.:.g. 7 (b) 

Fi:st, as show~ i~ ?ig. -~, :~e pa::te::::n wi::~ che ~axim~m 

C.ensi=y selec;:.::d ou:: patterns which 

can be used fo~ the spot ar~angement ~sed. I~ the case of the 

~!'le .:ncermediate pattc:r:-i 

l.·n -~- ~-r-i·-v 1? s~n·m i" ~i~ ·l(a"' --~I:: ...... e .. :::J ""- -- ••-'•'• -~- - -~ • • • I is selected. 

rtlso, as sho~ ~~ ?ig. 1 .:!. - - , an att~ibute a:?.d an order are 

assigned i~ advance cc spot. He!:"e, term, 

ar: ide:?.:.i.fication number f,C!." each _Pixel I . 
given 

to -::ac~ p.:.xel in a sequent:'..al orde!." s::ar:::'..!'lg with the: p:.xel in the 

"..!pper lef= end as s::.:>w~1 in -:.!1.e Fig. .?...l so, ::he t: e::::-:n "order, " means 

::~e seque~:.ial order in which the spec is filled with black 

pixels. The order is s-:t :..:-: such a r::anne:!.- that ·black-_pi:·:els are 

a=~a~ged to start wi~~ =~e pixel (fo!:" example, the p:..xe! wi~h t~e 

at~=ib~ta 5) which is :.~ tte position closest to cr.e center in ~he 

lef ::ward, and . . " . . ' 
r1g~twarc c1~ec:~cns. 3y fil!ing the black pixels 

J.. -••. ~rcord:::.-.c:o_ '·1i'th c·'-.. _~s o•·a'·:-:•·, - soo- oa-t--n ,·n a -·•r.o· 1·-= sh-oe -- - ~ 'l ...... , :::..... a. ~ ... - :... c:.. - 1...1... ··- =--

-c: Q.- s!".own :...n F:...gs. 2 (a} ;::hro:..i.g:-~ 5 {d} will be obtair:.ed. 

~e:<:t, th.; a:t:?::..bu::eic::C.1?.!:' shown i:: ?ig. 14 for the black 

pixels for =~e i~cermediate spot pat~~rn in th~ rnaxirnum dansity 

shewn in F.:.g. 13 are s.;c: 

:hreshcld ~at~ix shown - .... -·· 
tb~ position o:: MG7 spot: in 

Fig. 11. By this operation, 
. .. ., .... 

i.... ... -

=he 

at::::::-ibi.:t:e matr::..x shown !.n F'.:.g. 15 and the order mat:::i.:-: shown in 
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1:' 0 

·,,. a,.-o ~h--iri.:C. .. ig. _':) -- ....; __ o._ .... _ . !n ;:he at.t::::-.:..but.e mat:::ix show:: .:..n ?ig. ::..s, a 

' l O ... ..,...--conr1inrr ro ;-i...~ :---"'-~.o.,..:;-t- soot- Dat-- ...... ,.... r_y.:th the p:.xe_ c ?.--:::::._ .... _ ~ - -·-- ----'=-·"- ...... -~ c: - ~ - i..C:::--- w..L - • 

nax~~~~ dens.:..ty, anc no par~~~~la~ number is assigned to any othe~ 

..... ;v:-i- 111 '.!:t."'~·; 11 ,' in tb..: n·.a.t~.:..x. ~--"C-~ \ .. ~ !n the c~der matrix s~cwn i~ F~g. 

, t:. -;.,..,,. ,,..,.....,s.-~-; ~ .... d c.,..a·,o,- <:-r('I•,,..., _..,,, "-··- !:-"---"""--""""'i; - -- -··-···· 
.... 
~ ig. 14 is assigned co the pixal 

cor::::-c::spo!'ld::.::-; t:o the inte:::-~ed:.c.te spot pattern in the max.:.mu:n 

to ea.ch of th-:= other pixc:ls by an appr·~priate method (fer exanple, 

ir.. ~he t:se~'s ciisc::-ation) . 

)Text, by applying, :o!.' e:~amp]..e, a relati0n s~cw:-l in Fig. 1. 7 

to tl:-_s order ~:a~ri:.: shown i:-~ Fig. le, the maximum t.~~eshold value 

M.lLX and tl:.e minimum t!:reshold va:!.:..:.e MIN' for each of :.::.e pixels in 

the matrix are de=ermined. operat:ion, the ~a:·:imum 

thres:-:.old val~a mat::::.;.: 3 3 and t::.e ::iinimum threshold •.r.:ilue r.tat:rix 

35 are ob~air..ecl. 

:'~e :cllcw:..:-:.g :?.""esults wi::.l ba ob:.ained by pe!"fo::::ing the 

precessing opera.:.ions s!lcwn i~ ?ig. 1.0, using the maximum 

th~esnold va:us 33 a~d =~e w.i~i~um th~eshold value 35, w~ich a::::e 

obtained in the manr.er described above. 

Those parts, such as line i~ages, which are composed of black 

levels and whi~e levels only i~ the o~iginal gray sca~e image are 

converced :..nt:o .a raste~ image wr:ic:-. faith:ully expresses tl:e black 

and wh!te !evels of line images a~d the like since th~ black level 

is always larg~r ::::ian the maxi:-::~2m t:!:reshold value r--LZ\.:-: s!:.own in 
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F~g. 17 a~c ~he whice leve~ is always s~al!e~ tha~ the mL~~~um 

th:::-esho2.d ·,;alue M!.:-: shewn i:l ?ig. : 7. 

_ .. ::1al £ - tc::.e in 

' .., r..::e 

. . b . . . manner cesc:~ ea c~~cw. 

w:::en ::he gray level {density) o:E a half-tone portion is :.:1 

excess cf =~e ~axi~u~ densi~y (the density 12 in t~e case of this 

-:!:>:am:;>lej in c.he intermediate s:;:>ot; ?a<:te:?:n which canoe used, all 

t~-= pixels in the interr.:sdi..::.~e spot :;>att.e:?:"n in the :naximum density 

• ... .-ill =-= blac:.C, and thos:: pi:·:els :.:i the out:. side of the im:e!'mediate 

res~ec~ive sray levels. -:Shar. is, all t:!:e pi:-:els in order nu:rtoers 

1 t:!:.~ough 12 T_.:i: l be blac}: ...... ~::ile ~he p:.)::els i:1. order nu~bers 13 

and la:::-ger -;.;ill be w;1i::e c:::- black .i.n accordance wi.th their 

:::-espec~!ve g~ay levels. 

Xc:::-ecve=, in case c:::e gray level (density) ot a hal~-tone 

por:!o~ is ~o: in any excass or the maxi~um ciensicy (the de~sity 

:2J of :he usab:e ince:~ediace spot pattern, only the p~xels ~n 

t~e !~side of the particular intermediate S?Ot pattern in the 

=ax!~um density will be white or black in accordance with their 

!:"eS?ec:.!v~ g:ay leve:s, and :.hose pixels in the outside of the 

~a=c!c~la~ incer~ediace spec pactern will surely be white. That. 

!s, o~ly_ :!":.e pixels 0£ order numbe:?: 1 through 12 in the orcier 

::-.at::-:.:< she~·:::-.. i.::-.. Fig. lG wil: be white or black in acccrda.nce wi~h 

t!:eir :-espec:::..ve gray levels, bur. those pixels in the order 
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~~:::.:::;ers :!.3 a!"ld :!.arg.:r wi2.l s:.irely be: whit:a. This neans that black 

pixe:s are for~ad o~ly in ~~e ~GT spec {i.e., the screen spot). 

~·4he:i a sc:?:.-eer: spot is f or~ed on!y ir:. a:1. !"!G7 spa-:.., :.he spot 

patcer~ is decermi~ed as fo:lows. Speci=ically, whe~ the gray 

leve:. of a p:.:.:el is l.3.rger ::!:a!"! the maximum threshold value Mil-X or 

smaller than =~e rnin:.m~~ =hres~old value M!N, cha par~ic~lar pixel 

is specified as black er wh:.te, as already described wit!: 

::::-e::e:::-er:ce t:o Fig. 10 {5'15 and s1.7 in Pig. :o} . On the ether hand, 

when :.~e gray level of a pi:-:el .:..s between the rna:-:imu:n. t:iresholc! 

valu.e :-t.Z:..X and the minimum th:::-e:shold value MIN then reference will 

be ~ad: co an intermediate s~c~ oattern in accorda~ce with the 
- - • ! 

~ep:::-es:r:.ta::..:..ve g~ay l::vel t!:.e ~.t;GT spot {Sl:i..) and the p.:..:..:el wi:l be 

speci:::.ed as white o~ black i:J. accordance: with the part:icular 

s :!_ 5 I a:;:.d s 1 7 } • 

The co::ve?.""sicn maci.;: in t:::e MGT spot in t.he latter-. case will 

be spec!fical:y desc=!bed with reference to Fig. 15. 

?ig. lS :s an crigi~al g=ay scale i~age i~dicated in the 

to~a: range values :o~ 256 ~onal ~anges. In gene~al, the amount 

cf c::-.a:..ge in t.=-:e tor:a::. range 'Talues between adjacent pixels in a 

hal-.1.--~one ~_~ort1_·0.~ -~~ -_. o~ ..L·e~s ~s -Mown ~n ~ig 1~(a\ 
•• ~ - -• I G• ::... .... - - • -0 • • The to:1al 

range values for ~!':.is original gray scale image are converted into 

gray levels en a scale cc~respor.ding to the densities {in a total 

of 65 tonal ~ang-:s f::::c::i density O t.o density :!.6) whic!:. are used 

=C:!:' :.he int:erm=--cii"atc- .!=:pOt p-t-=-r..,s "'hewn ;.,., ..,ig~ ? t'"'...-oug}"' 5 -5 - a ... c •• ~ -·· :: _ ..., . ... ~!- • / a 

shown in Fig. l€(b). 
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valu-: show-r.. in ?ig. :. 7 ar-:: ap?2.ieC. ~o c::e g=ay scale i-mag.: shc..,.'11 

in ?i·:r. !.8 {b) , :::iose pixe:i.s w::ic~ a:?:""e positioned in ~he vicir..i::y 

of the outer ci=cumfe~ence, whe~e ~hs pixels are late in :heir 

ca~ be sec in white er black, but t~ose pixels whic~ 

posi:!oneC. :~ ac area in the prox~mity of the cencer, where ~he 

pixe:!.s -.,...,,. 
<::.-- in :~eir orde~, ca~not be sec in eith~r white or 

blad:s as i-: is indicat:.ed. by 11 ? 11 
• i:i Fig. 18 (c} . ?herefore, the 

:-ep:-ese!:.::a:::. ve gray level for t.l:is MGT spoc is then determined. 

For -::xa.mple, the: gray 1.evel 6 +- 1/4 of the pixel ?5 wit!: the 

5 ir-. c.he MG'I' SDO-.:. is - . take~ a~ the 

gra\r lsvel. 

Ne:-:~, !'e=erer:ce :.s i'::ad·:: to the intermediate spot patt:ern 

whic~ correspo~ds tc ~~is represen~ative gray level 6 + 1/.. 'i"'h~s -= . - • .-.:... 

is a. spot pa:~ern as s~m·m in ?ig. :!.8 (di . )l_cco:?::"cing to the spot 

pat:~er:: wh!te or black !s to be c!ecideC. fc~ 

eac:: o:: tr.e pi:<els marl<ed 11 ? 11 
• As ~he resu:~ of th~s operation, a 

ras;:-::?:" ir::a£=: as shown in Fig. :.a{e) can be obtained. 

ay =~e processi~g ope~atio~s described above, a gray scale 

:.mags is cc::ve~ted i::to a ras te::- image. This conversion has t:ha 

cha~·a.c;:~ris:.:.cs described below. 

( 1) .~ half- tone port ion ir:. a gray scale image having any 

gray level below the maximum de~~i~y in a usable intermediate spot 

tt I l 1 • .. . • • 1,- 6- f I 1 t . 1 t l pa er~ w1 __ ~e co~vercec in~o a ~a ~- ... one image in mu ip e o~a-

r=~-·ge-~ u~-~--.~- ~~- 1' 1.i.t~-~-~ .... P_d_i~-~ ... ~ a~o- oa~te~n ~o long a~ ;t doe~ not -··~ ~ - -· - -:::- ... . - -· - .., - .... 
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co~-:.ain any abr~?~ change in the gray level (for exa~ple, an edge 

o~ ~he like of a figu=a} . 

(2} A half-tc~e porcio~ ~avi~g a~y gray level i~ excess o~ 

t!":.e spot ?a-:.ter~ is 

converted ~n-:.o a raste~ irr.age by a ~echniq~e similar ~c the 

rasterizing operation i~ 9raccice according tc the prier art. 

{3) _&\..r.:. abrup:: cha:lge which occurs in c.he gray leV"el on t!:.e 

eage er the like o~ a graphic figure in a ha:f-ton~-portio~ is 

f ai~~=ully exprassed by a change whicr- cccu~s in the nur.~er of 

black pixels in acccrdance wit~ s~ch a change. 

{4) Lir.e i~agBs and the like are faithfully exp~essed in two 
I ! 

canal ranges {i.e., b:ack and white). 

~ext, wi.ch refe:::-e:nce: to :;"igs. 19 through 20(b}, a detailed 

description ·will be ~ade o~ half-tone conver~ing ur.~c 21 in laser 

pri:l~er 20 s~cwn in F~g. 6. 

Fig. l9 :..11ust7::ates ~he hardware const.ruction o:: hal:E-to~e 

ccr.ve~ting ~ni~ 21. 

The data in the sa:ne :i.orizontal positio:ls or:. se'ren 

consecutive lines i:l a :::-ast.er image received f:::-om hos:. computer 10 

are puc i~to seven ~nits of six-scage shift registers 41 th:::-ough 

53, The da:.a are sy::chronized w:'..th a prescribed shit~ clock and 

~he~ shifted =o the rear stages of shift re~isters 4: th~ough 53·. 

~e=e. =he caca prese~~ on the =ifth s~age (the stage indicated by 

hatcl::..:.:1g) out~= !:.!::.e fourch line, i.a., =.he line pt.it:. into the 

shift =egiscer 47 are che d~ta which are to be taken as the object 
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o! :te cur=en: ccnvercing precess, and the daca wil! De referred 

t.o as "t!-:.e c~j ect ::ia:a" .:..n ~::-::: followir .. g ?a~t. 

Selec:or 55 takes ~hG daca fro~ ~ocr stages, seco~d stage =o 

t~e sixth stage, of each of che seven u~its of shi~= ~egiscers 'l 

thro~gh 53 a~d selects a~d tra~sf ers a se~ cf data =or four 

cc~sec~tive li~es ou~ cf the inpuc data {i.e., data comcosed of 

t - • .. - I 

~y :cur pix~-s :or~ing t!" .. e sama size: .as that of "=he 

MGT spot) to decoder 59. In chis case, the selecto~ 55 shifts the 

above-mentio~ed four lines cr.e line after another as selected out 

o~ =~e above-~entio~ad seven lines. That is, the selecto~ 55 

t=a~sfers a sat cf data er. the ~c~e=~ost four., li~es fro~ t~e shift - ... 

reg:.~:ers ~l co ~7, a sac of data fer che second :ot!r lines as 

cou:::.ed :::::::-o:n ::::e up?e::.-:::ost. 2.::'..ne fro;;. sh.if:: :::-egisters 43 to 49 1 a 

se~ cf Ca~a =er tne ~~ird fou~ lines as counced from the uppe~~osc 

li~= from :.~e shift regis~~rs ~5 to 51, and a set of ciata =or the 

lowe!."most li:-.es fro~. t.he ........... sni:c:;... ~·egisters 47 to 53 to a 

C.ec.::ier 59 s~c!:.:::-o:'!.ize:d to the select clock me:lt:icned above. 

A boi.;ndary cond.iticr. checker 57 takes i.lp -:.he data at the 

:i~s:. stage, -:.he seco:'!.d stage, the six~h sta~e and the seventh 

sta~c of =::e seven ~~its of tee shift regis~ers 41 through 53 as 

i~p~~ :~~o it and checks the Dcu~dary conditions :or a detection 

of ::.he intermediat·~ spot pac.t:.err: as already described above. 

Tl:e check of the :Oour:.ca::y condition is a check by an AL"JD operation 

~o ciete::-i.line 'JJhet::er or :;.ct :.he black pixels in the four pixels by 

fcu~ pixels w~ich are t~ansfer~ed to decoder 59 are connected with 

the black oixels on the oute~ ci=cumference of this area. · Por 
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exa:r.ple, i::i a case as sho•,,-r.. 1-:: ?ig. :ZO (a) , the black pi::-:els !.:-?.. the 

area a~e not ccnnected wit!-_ t:!":e black ;>ixels en t~e cute:::-

ci:r-c-:.:.:::ference: bu:. a:::-e isolated. from them, and acco:::-dingly the 

•01--~ -~ve,s i~ this area are de~~cced as an !ntermedia~e s_occ _c::: ....... "" ::'-~-- -

pa.c:.:::rn. On the c-.:::er bane, i:-_ a. case as shown in ?ig. 20 (b) , the 

black pixels !.n -~o \-.:..·- a:?..-ea are co~necced with t~e 

~"~~c=~~a· ~"' ~he ma¥~ ------ ---- ..... --· -·~ ::., 

p~xels in this area a~e r.ot so detected. 

black pi:{els 

so that. the 

The bounca?.·y ccnc"titicr: checker 57 performs a bouncia=y 

co~d~tion check lik~ this. Moreove~, in this. errbocli~en~, the 

bct:::.cary ccnd.i t. ion c:.1ecke::::- 5 7 c'.:-:eqk:s only t!le? left a.:;d :::i.ght 

bcund.a::::-y cor:.ditio;::s, but does r.ot c::.eck the upper and lower 

on 

black 

bo~~dary conditicn, as it =an be understood on the basis of the 

co::.st::::.:c~.:.on shown in :::'ig. 19. The results of-these bou~dary 

condition checks a=e cransfer~ed to the decoder 59. 

?he decoder 59 has a b~ilt-in lcgic ci~cuit which de~armines 

w:iet~er o::- no:. the: C.ata £or t.:!e four lines entered. f:!:"orn selector 

55 co:::respcnd to any of the ~~~errnediate spot patte~ns sho~m in 

Figs. 2 through 5, and the caca for the four li~es e~tered from 

selec~or 55 are puc into this logic circuit. This logic circuit 

judges whe~her or ~ot t~e .:.~put data correspond to any of the 

intermediate spot pa~~erns only when ~he logic circuit has 

received a deteccion signal f:::om boundary condition checker 57, 

and ~hen the logic ci:::cuit has found thac the data correspond to 

an ir.te~mediate s~oc patte~~. The logic circuit puts out the 

~elcvanc object data in the input data as converted into data on 
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=he ~orresponding nixels ~n an output spot ?attern co~respcncii~g 

;>a::.tern which has been found :.c have a 

prcper correspondence. Moreover, ~n any ocher case, chis logic 

ci:rc".:.i:. pt;.tS ouc ~he object: da-ca as ;:.hey are withou:. any such 

conversior:. 

As mentioned above, =ach time when the set of ciata for the 

fc~r lines are put into decoder 59 sync~ronized wit~ the select 

ciccK, th~ lcgic ci~cui~ ~ention~d above puts out t~c data of the 

object pixels after converting them in accordance with the output 

spc~ pattern as described above or as they are without any such 

co:.!~."ersio::. ':'he data o: the obiect r.:>ixels wh; c""' h-v- b- ... ,., o_ ut out • I - ·-! •• • c:;. c;: c:._ •• 

by c~: logic circuit in ::!'.".;spect ,.....::: 
•..JJ.. the data set for ~~e four li~es 

0£ t~e £our types are ke?~ once in decodar 59, and, ~~ereaftar, 

C.ecc::.er 59 pu.:.s o~t t~e ccnve~ted dat:.a, p::!'."ovided that the data 

cor:.tain any Cia::a cor:.ver=ed i::'l. accordance with the outp.µt spot 

pa~~~=n, buc puts ou~ the target data as they are whe~ there is no 

cor:.·:e?.·:::ed data, as the ultimate object data i:1 either case, to 

i~a~e signal ~odulating unit 61. Then, image signal ~odulating 

uni~ 61 modulates a :aser driving signal, in accordance with the 

ult~~ace ciaca entered on che object pixels, for che formation of 

a~ ~~age ~o be printed cut. 

Next, a laser printer in a second preferred embodiment of the 

present i~ve~~ion w~ll be described. 

~~is preferred embodi~e~t is a simplified system in a 

strt:c:.ure i~avir..g a re:duced numbe:- of variat:ions of t.he 
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inte~ediace spot ;atte~ns as compared with the prefe~red 

embcd~ment ciesc~ibed abode. 

~ig. 2~ s~ows =~e consc~uc~ion of a data p~ocessing ~~it of a 

lase~ ?ri~~er of cte secc~d 9refer~ed embodiment. As shown in 

Pig. 21, this printer is provided with main memory device 71, 

whicc stores i~age data and che like, central processing ~nit 

(CPU) 72, data receiving unit 73, which receives image data f?:om 

t.he !lost computer, p~Qgram memory device 74, which stores a 

program for giving commands to CPU 72 with respect to operations 

to b: performed, line da~a buffer 75, which stores the da~a fer 

adjace~~ four lines, a DMA device (he=eina£ter refer:-ed to as an 
t ! 

:..maga data DY:.A}, which reads the image da;:a out cf main memo~y 

dev:ce 71 and =ransfers the data thus read to line"aata buffer 75, 

horizo~tal position cou~~er 77, which specifies tne position of 

the p~xel ~o be p~t out of the li~e data buffer 75, patte~n 

. . • . 78 . . • . 
recog~~z::i.ng cev:tce , wnic!: :?:"ecognizes a specific ir.~er~ediate 

spct fatter~ f~om cI'.e pixel data read out of line data buffer 75 

or f rcm the data patcer~ of the pixels in the proximity of the 

pixel C.ata, pi:-::el s!.g~al ~odule.~ing device 79, which modulates ... ... ne 

signals in accordanc~ with the result of a judgment made by 

pattern recognizing device 78, a sat 80 of a laser light emitting 

diode and an amplifying unit, which generates a laser beam as 

scannaci ~o=izo~ta:ly en a photosensitive material set in the laser 

printer, scanning start position detecting device 81, which 

detects the position fo= the start of a scanning operation with 

the laser ~ea~, and clock generating unit 82, which generates a 
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clock (hereinafter referred co as dot clock) i~ proportion co c~e 

!~::ervals of :~e scanned p!xsls and suppl!es the 5eceracsd clock 

tc ~orizontal position councer 77. 

.... . 2-= :.g. .:!. is a block diagra~ illustrating c~e deta!lec 

cc~str~c~icn of line-cia~a ~~ffer 75 i~ this emboci~e::::. 

In Fig. 22, ~he reference nu~.ber 101 de~otes a ~a~dom access 

me~cry (hereinafter referred to as ?J!...M} , which is capable of 

wr~cing and readi!'!g eig!:t bits as one word at an arb!::!'arily 

select.ad address. The referenc·e !1.:..!rabe:c 102 cienot.es a counter, 

whic~ i~dicates the ini::ial value of che P-~1 address at the time 

for :he start of a scan~ing opera;ion and ?e~f Orms a sirculatory 

cour.::ir:.g proc-css for t:!:.e scan::::ing stare :position sig::al :!.13, 

a:pplyi::::g 5 (t::.e nurrbe!:" of words ir.. one line) as the civiscr. The 

:-eference: number 103 de::ic::es a~ address counter, whic!: counts t.he 

nur.~er of times cf read:.~g cperacicns and the ~umbe~ of times of 

wr:. t:.:::g operat:.cns performec o= P-?. • .M 10:!.., and the cou::~ ou~put 1 t'\O -"'v 

:.s ~o be connected co che adcress i~:pur. =er ~~e .R.~~ 101. The 

address cou!l~er 103 is initialized by the count outpu~ 112 from 

the :.nitial address cou:i~er 102 witt each scanning start pcsition 

signal. On the R.~~ :01, reading operations are performed four 

times fer every eight p·~riods of t'.:1.e ciot clock, and a writing 

operation is performed on=e fer che data occupying c~e same 

hori~ontal position and co~stituting the latest line ::-ead by the 

image cia::a mi.A 76 out of rr.ain merr.o::y device 71. The refe::-ence 

number 110 de:i.otes a shi :Et regist: 0sr number counter, ~:lich performs 

a circulatory com.1t:ir .. g p::.·oce:ss on the number of times of the 
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r.umbe:::- o:f times o:: the: writir:g 

operat.:..ons_ pe:.-fo:.-:-::ed of the RA..,_,1 lOl, applyi~g 5 as the civisor. 

Th~s shift register nu::tber cou~~=:::- 110 will be initialized to ze~c 

by a sca~ni~g s~a~t position sigr.al. 

7he reference r.umbers 104, 106, and 107 and lll are 

registe:.-s for 16 bits, 15 bits, 14 bits, ~3 bits, and 13 bits~ 

:.-e:spectiv.ely, and these registers shift the data to an uppe:i:.· stage 

by o~e bit at each time in ever-J cne period of the dot clock. 

Moreover, :he leas~ significa~t eight bits of each shift register 

as i~dica~ed by the shift ~egister number counter 110 will be 

i:nit:..aliz-:d by the valaa of a RAM data inout .out-out bus 109 at 
• - ! -

the 

In ~he const:::-uc;::.ion described above, the bit arra.:lgements PO 

to 4 and O ~o 3 in an area ccr..posed of five pi:.:els by·. fou::::- pixels 

inc~ud~~g the pixels corres9cnding to the output positio~ can be 

~ead at a ~eal ti~e ac each dot clock out cf the bit arvanc-m-~~s - - • ., o;::: c:: ..... 

in w~ich ~he most significant four bits for each shift register 

are a::ranged. 

Fig. 23 presents a table showing the intermediate spot 

patterns to be detected by the printer and the output spot 

patterns corresponding to t~e intermediate spot patte~ns. The 

<iif ::e::-ence be.:ween tb; i:-lt:ermediate spot patte~n and the cucput 

spot ?atte~n is set in sue~ a manner that it can be ccnta~ned 

within three pixels in a difference in pattern and within one 

pixel in a difference ir. density, in the same way as in the 
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em.boci~ent described aoove. Owing :c this feacure, or.ly a side 

ef=ect at an al~cst no~-recog~~zable lev~l will occur, if at all, 

one 
. . • , 2 
co~ is as sma~l as ~o µm , 

ccr..ve:::t:ir:g operat.icr.. !-.as !::iee:r~ e:::::-c::eously pe:i:.·f~rm.:C. or: an~r port.io::: 

not ~:l::ended for any cor.ve~sion. Further, since che black pixal 

pat:te:?.:"n enclosed by a wnite area ir: an MGT spot is specified as .:an 

intermediate spot patte~n. ~o ccnversion at all will be made, and 

no side effec~ will therefo~e be.p:?.:"oduced, in respect of a 

con:::.::uous bou:ldary li:->.e, such .as a straight line, a curved lina, 

ar:. edge o: a letter, or ;:he l!.ke, which are liable t.o the most 

conspicuc~s side effects p~oduced by erroneous; conve~sion. 
I . 

Fig. 2~ ~s a circui~ diagra~ illustrating an example of the 

circuicry cf patter~ racognizing device 7S. 

As show:-~ i~ ?ig. 23, the pixels whic~, being contained ir. ar. 

ince=mediate spot pa~te~n, are to be subjected to a conversion 

i!:.t:c an ou::pu:: spor: pac ter:i ex.tend on. two lines, and the pa.tte~:-.. 

reco=~:.zincr device 78 i3 co~oosed cf two ci=cuits, namely, two - w ~ -

'"'-::it,..:::. .... .., ,:;e,..=cr-i'rg ci..-c,,;-s =ach for one oF !:'~ '-'"---- """ -""'- - -- -- .... _,... t:: - - - the two lines. 

The reference n~:nber 201 is a circuit for identifying white 

pixels in an :·!GT spec ccmmcr:. to all ~he intermediate spot 

patt..:rns, a:-:.c. ~:...is circ"..!:.t generates "l." if the condition is true, 

but genera::es 11 0 11 if the cor:.dition is false, in the identified 

~esult output 202. T~e reference nuwher 203 denotes a decoding 

circuit fo:::- a portion unique co each intermediate spot pattern. 

All the decoded output from this decoding circuit is processed for 

its m~lcipl~ca~ion with che icientif~ed result outpu~ 202 to find a 
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p~od~ct thereof, a~c, ~f the ide:lcified resul~ output 202 is 

false, each and all of =~e decoded outputs will be =alse. Pat~er~ 

recognizing device 75 pucs o~t :~e decoded output 20~ to the iu.age 

modula~ing device 79. 

?ig. 25 is a block diagram ill~strating the image signal 

de~cd~lating devica 79. 

The r€':ference m.t::-:ber 301 de:lotes a ROM. The decoding signal 

302, whic~ is put o~t of the ~actern recognizing device 78, is 

applied to a line se:eccing signal, and the corresponding output 

spot pattern data (i~ eight bitsj which are stored in each line 

are reac out. The ~eference ~umb~r 303 denot~s an eight-bit shift 

register, and a shifc c~eratio~ is perfo~~ed by a shift clock 309, 

whic~ has a per~cd cf 1/4 of the data transfer period for one dot 

(r.e~einafter referred ~o as four-fold clock) , during the period in 

which the shift operation specifying input 304 is t~ua. Further, 

the s~ift regis~er 303 will a:ways be in~tialized to assu~e the 

value: cf t::-te ROM data bus 313 whenever t:ie shi:t operation 

spec~=ying inp~t 30~ is false. 

?~e shift operation specifying input 304 receives as an input 

c. signal wi1ich is obtained by delaying the logical sum of all the 

decoded sig~als by a po=tion fer one period of the dot clock 312 

by a pulse width expanding circuit 307 and then extending the 

pe~iod of "':rue 11 to a period ecr..iivalent to two periods of the dot 

clock. The signal is put also :n~o the select input 305 of the 

selector 306, and, when ~~e select inout 305 is true, the seleccor 

306 salects the output from the shift register 303, buc, when the 
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salect inp~t 305 is :alse, ~h~ selec~or 306 selects a sig~al whic~ 

has bee~ obtai=ed by delaying =~e pixel values P2 and 1 

co~respcndi~g ~o :~: o~~p~i:: posi=.:.ons ~y one period cf the dot 

clock by mear:s of a Z)-cype masc..::r-slave flip-flcp 311. 'T'~ • _ ...... is 

signal .:.s .?U~ out as a mQd.ulat:•:::d signal to a modulated signa::. 

output 306. This modu::!.ated sig:'.al drives the laser light emit-ting 

diode 60. 

~e:c., a modified structure of the second. preferred embodiment. 

of the prese~~ invention will be described. 

~ig. 2G .:'..llu.s~rates t1-:.e consi::ruction of a pattern recognizing 

device~~ this ~od.:.:ied,struct~re:. This pat~ern recognizing 
• 

devi~= has an dutput ?os.:.tio~ deteci::~ng circuit: added to the 

- r. ................ --.? ":"1 ' ' ; ..... :,,.,,,. ........... .... o .... s ... _ ... ._ __ o .... s!lc .. :n _n :.:.-::: . ..!.-=. :n the follcwicg par~ a, 

"' . . . . . . .. .. .. d ~ . 
~esc=ipcion w1i~ ce ~a e o~ tne ?attern recognizing device chiefly 

with refe~e~ce to the const~uct~on of this output position 

detecting ci~cuit. 

The =e=erence ~~~ber ~03 de~otes a coun~er which per=orms a 

ch.-culatory cot.Lnt:.ng p~·ocess wir:.h Ci. dot clock ~09 Cherei:iafter 

refe==ed to as a ~or~zont:al position counte=) , apply~ng 4 as the 

divisor. ?~e hcrizo~ca: position counter 403 will be initialized 

to zerc by a scanning position start signal. The less significant 

porcion of the count ou~puc cf this horizontal position counter 

403 is i~dicated by the reference ~umber 405 while the more 

significant po~tion of the counc output is indicated by t~e 

referenca humber 406. 
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ci=culat.ory co·..:.n::::.:'..S process, applying 4 as the C.i·riscr, on 

~c~~zontal syr .. cr.~o:'..izir.g s~g~als generated for image reading fro~ 

che :ine buffer 75 (~ereica£=er referred to as a ver=ical position 

counter) . T~e horizoncal pos.:.tion counter 404 will be initialized 

at ~~e ti~a of the s~art of a printing operation. The less 

sigr..:.:icant ?Crtion of ~he count output from this hc~izontal 

posi~ion counter 40~ is indicat~d by che reference number 407 

while the more significant port~cn of che count output is 

inC..:.cated by t::he ~efe:~ence number 408. 

?he re£a~er.ce nu~ber 402 denotes a logical product element, 
! 

whic~ j~dgas whet~=~ er not ~he positions of the coordinates fo~ 

the c~tput PO and O from the line buffer are any multiple of 4 

bot~ in t~e ~o~izontal direction and in the vertical direction, 

and t~e refere~ce nur.ber 40! is another logical produqt element, 

whic~ :udges whether or not the positions of the coo:?..·dir..ate:s fo:::: 

the outpu~ ?l, ·o f:::-om the line !:>u£fer 75 is any multiple of -: both 

in the horizor.tal direction and in the vertical direction. 

The ccns~ruction described in this modified example is 

capable of inc!:'easi::g the number of. the MGT spot patterns as 

compared with =he ea::::-lier example of embodiment, as shown in Fig. 

27 
.. 
i.:. • e • I a~ :..ncrease i~ the nui:lber of soot oatterns corres~onding 

~ - -
to· l/4 to 3/4 i~ density) by applying the logical product output 

of the detected outpuc from these ~wo logical product elements 401 

and .;02 and the ide~tif:..ed output from the two identi=ying 
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circ~its 201 a~a 201 rr.e~t~oned above as an ir.puc. to the decoding 

circ~its 203 and 203 mentioned above. 

Fig. 28 scows an image s:g~al ~oculati~g device in a~other 

~edified struccure of cne second em.oo~i~en~. The i~age signal 

mod~la~ir.g device is formed in a construction wi~~ a co~ve~ting 

area limiting circ~it added to 
. . , .. . . tne ccr-st~uc~icn snown in F~g. 25. 

I~ tte fo:lowing par:, a descripcion will be made of this image 

sigr-a~ modulating device chiefly with reference to.this convertir.g 

area limi~ing circ~it. 

':"he refe:::-e:-tce r.umber 505 denotes a DMA device (whic~ will be 

hereinafter ?.·efer~ed to as che: mas~:.: dac.a mr.tFJ , whic!'. transfers one 
t ! 

word of :nask data co i:he scift:. :::-egister 501 each time the shift 

:::-egis.:.er 501 c·:m.s'..l~es .one wo::::-d. The ?.·eference number 503 denotes 

~egister 5C1, a~d t~e 

:::-ef~=e~ce nu~ber 504 denotes an i~itializing data bus~ 

~ere, the mask da~a man.:.ioned above ~eans t~e cata which 

express a prescri~eci ~ask pat~ern i~ ~ ~o l corr~spo~der.ce for 

every pixel in t~e image data to be taken as the object of a 

conversion, and mask . . . cata ::;..n t:r'.e value 11 1" indicate a conversion 

0£ :~e cc~responciing pixels cf the image data, and mask data in 

the value 11 0 11 indicate that no conversion cf the image data is to 

be pe:!:"f orrr.ed. 

7he shi=t register 501 performs a shif= operation tor 

every one dot clock and puts out the mask data one bit at a time. 

With the logical product of cr.e bit of the mask data thus put out 

and. ~he ou:put fro:n the pulse e:-:::endi:~g circuit 307 being used 
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.::i,nc;.- a.a a oclcc:: ::i.::..g::.:i..:., it: i:J ooooi:Olc ::o cauoc a. con·.·cr:Jion not 

::o !:ie mace of an 
... area Wr?.l.C!: ~as a in agreement with the mask 

patcer:i. Owing t:.o r.!":is Ee.ature, ic. is possible surely to 

el:minate t:~e side effects d~e ~o a modulation. 

Furt:.~er, a similar =uncr.:o~ as this can be realized by s~ch a 

met~cd as oroviding a line dot counter anc ccmpar~ng .. .:na counted 

value with a value set: in advance, thereby detecting an area to be 

converted. 

The examples of prefe~red embodiments described above are 

applied to a laser l:eam print.er, bur. it: gnc>:$; wi t-.hn111. 

saying that a si~ila~ e==ect can be produced by using a similar 

ci=cu~t to t~e cont~ol of an electron beam in a cathode ray 

ci.isp:ay tube u!1it or the like. 

As described above, the present invention makes it: 

possible to express ;:;.ultiple to:ial ranges with a small. ar:iount cf 

data. 

7he f oregcing descri?tion of pref erred embodiments cf the 

~nve~~ion has been p=esented for purposes of illustracicn and 

description. It is r.ot intended to be exhaustive or ~o limit the 

invention to the precise form disclosed, and modifications and 

variations are possible in light of the above teachicgs o~ may be 

acq-.:.ired from practice of the invention. The embodiments were 

chosen and described in order to explain the pr~~ciples of the 

inve~tion and its practical application to enable one ski:led in 

the art to utilize the invention in various embcdimen~s and with 

various mcdificat~ons as are suited to the particular use 
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contemplated, it is :.~~anded. t~at the scope of the inveP-tion be 

def i::.ed by t.!-_e claims append.ad hereto, and thei::::- equivale:::.ts. 
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in::o - ;..,,.1.: _ 
a. -----

__ .. :---- :----,·-,..,. - ---- ........... - ,..·-·-~.~ ...... _ ... -:_e.=._~ '"'·----= ._-. _~_-::._s,__,......__i~!c::-a· '"'_-·.L·u .. _·a_~ 
:,:.;,;..-: -···:.=..:1~ ~:.Q:.'• -·-'::: ~ -':.-"'\."""- . .:.-·=-= -- - - - -

na".te c:-:.e 

---==:.QI, ·==-"----

:. !":. c: :-::: ed:. a:. e 

:. f.'ta g-e. 1 

.- -·-·-
rr~-~"'l.• 

-::::--.: 

.::,,.....,_ -·-·-

,... ....... ?"",, "0::. ....... ,... ~ , .. ,...,. 
""""""-•-. -- ------::: 

in mul:::..ple ::c~al 

which 

of co.r:!.-espo!'ld:..::g pi:·:els 

de~ect:.ing a S!'C~ a:-ea, 

one cf ~ pl~rality cf 

.:.:~::o a c~rres~o~c~~c or.e of a - ' -

~a~:::.-=?:~:.s .. ..,hie:-.. lcg:.cal::.y e:·:"Ores.a a p=escribed nurnbe?: of multiple 

ocl7 ~icary va:ues and a:so in a varied arrangeme~t of pixels, and 

wnic:: ac::i..:al.!.y expr·~ss :::.e ?resc~:..bed ::u:nber o:: r:;.ultiple tonal 

;:i.or~ ·:alues cf a censit-:/. 
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2. A multi~:e conal range image processing system as 

def~~eci in c!ai~ :, ~terein 

the ~~eludes a dit~er ma~rix, • • I.. nav.::.:'lg ;:.,:e 

detected 
. . spec ar~a ~ocacec in a prescribad position in a prcc:ss 

ir. which the ras~er:.zing t::eans co:iver-::s ::he gray scale image intc 

the =aster i~age, a~d isolates i~dividual i:i~errr.ediate spot 

pac~=~ns as much as possible on the ras~er image. 

3. -~ mult:.ple: ::.011.s.l !.·ange image 9rccessl.ng system as 

def~~ed in claim 2, whe~ein 

-:.::.e: di':.her mat~~:< incl'.;.des a maximum ':.!'..~eshold valt:e r..a:c.~:.:-:, 

whic::. deter.nines maximum th::::eshold values for i.::ldividual pixels 

::or sec~.i::g the gray level at. a large::- one of the binary val-:..:.a 

d.ens:.~:.es, and 

a ~~r.~~u~ ~~res~olc value mat=ix, which determines ·. 

m.:.ni::::...:.m th::-eshold ~:a:ues fo:::- i::dividual pixels fc-:= set-:i::.g t:te 

g~ay level defined above at a smaller one o! the bi~ary value 

ci.er:..si::i.-:s defineci above, eitl-:.e~ of the n:aximum threshold values 

and ::::a minimum tf:.::-esho~d values having a smaller value for ph:els 

wit~ir. the detected spo~ a::-ea than a value for the pixals outside 

t~e ce::ected spot area. 
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~- A rr.ul~iple ~o~al ~ange i~ag~ p~ocessi~g sys~e~ as 

def:.r.-ec :.:-. claim 2, wherei:i 

the dither i:':atrix .:.::.eludes a ma;-::ir::um th!:"esholci va.li.:.e matri:-:, 

for set::.i::.g the gray level a:: a larger one: of the bi:r..a:?::":~.l vall!e 

densities defined above, and 

a minir.a.:m th~eshold value macrix, which determi::es the 
. -

l.li::.i::;um ch.res::.old. values fo"!:' individual pixels for se:.ting the 

gray :!.evel at: a smal:er one of t:l::.e binary value densities, 

the maxicum threshold values and the ~inimum threstold values 

are deter~ined so that the max:.m~m threshold values are la~ger 
I ! 

than ~::.e r:-~i~:..~:irr. t.l1reshold ~.ralues fer at. lease. some pi: .. :els in ~he 

detected spot: area a~d :.hat both of t:he threshold values being 

ide~-::.cal fo::::- any pixels other :.han those in the detec-:.ed spot 

a~ea, a::.d 

::.!-.e raste::::-izing :':1.eans selec~s an inte:::::nediate spot: ?atte:::-n 

'"'O ......... .:.s--o-~~.,..- .:... ,..... -=a----.:., 1 , ; •\.. ·-r- 0 te..:: ...... --~ !:' -·---·-'::I -o a re:--re;:.-••=-c.=-- .re gray eve __ n ...... e C<=--C .... spot 

area out. of ~::.:: p:-:.iro.lit.y of inte:?:"r:tediate spot:. patter:i.s when any 

pixel in the detectaci spec area has an intermediate gray level ~he 

densi~y of w~ich ca~no~ be determined on a basis of e~the~ of the 

rr.axi~urn chresr.old value ~at:?:"ix and the minimum threshold value 

mat:::::.x, ar.d determines the density of a pixel having an 

ir..te~::-.edia':.e gray level in acco:::-dance with the selected 

~nter~ediate S?Ot pattern. 
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~- A ~ultiple tonal ra~se i~age prccess~~g sys~~m as 

de£:.ned ir. clain 4, wherei~ 

the ras~erizing means selects a gray lev~l cf a prescribed 

pi~'":els in a :' .. ~igb.bcr::coci of a c~nt::::al ;os:.tio:i . , ... . :..:n tne o.etec~sc. 

spot area and using c~e selec=ed gray level as a re~resen~ative 

gray level. 

6. A rr.u~tiple conal ~ange,i~age processi~g sys~am as 

defined . l . ::.n c_aim 2, ~·:herein 

a plu::::-ality of dit.her matrixes a::-e prepared in advance 

co!:":?:"esponal.ng co a p:urality of arrangements different in density 
' ! 

~n the detected spo~ area on c~= raster image, 

each cf the plu~ality of dicher matrixes is predetermined in 

acco~C.ance with a co::d:.tion i.!1 wl:icl: a usable type of ::!':e 

plurality of i~termediate spot pat~er~s is limited ~o: a ~ype 

belo=:;::..ng ~o a ?:=-escribed small :~:ange of densities, so :::;.at ~he 

plurality 0£ i.:..t::e::::-medi.ar.e spot. patterns will be isola;:ed on the 

ras~er image u~de= an arrangement cf the corresponding detected 

spo~ a1:"ea, and 

:~e raste~izing ~eans converts the g=ay scale image into the 

ras:.-:= image, select:..vely t~sir.g cne of the plurality of the 

plurality of dither matrixes. 
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7. A multiple tc~al ra~ga i~aga prccassing system as 

defi~ed in claim 6, wherein 

includes a ma.:d:::u~ t:hresl~old 

value :-:?a::rix, whic.r.. dec.e?.-rnines maximum th~e:shold valt..:as ::o:::-

i::div:C.ual ?ixels for setting t:.he gray level at a large:::- one of 

t:he :binary value densities, and a minimum th:::-eshold -....ralu-a mat::::-i:>:, 

which ~e~ermi~es ninimum threshold values for che individual 

pixels for set:ting t.he gray level at a smaller one of the binary 

valt..:e censities defined above, 

. . . 
:.~e wax1m:.:.~ ~hreshold values and the mi~imum threshold values 

being de~ermined so that t.h.e maximum t!-.reshol·:l values are larger 
t . 

t-h-.,.., -·...,.:. ........ c..L.:. :,_ __ _ th~eshold values for ac least some pi;.:els in the 

det:ec=ed spot area and the t~reshold values being ide~~ical for 

pir.e:s other than ::~cse in t:te detected spot:. area, and 

the ~ascerizir.g means selects an intermediate spo~ patter~ 

corresponding to a representat:i're g:::-ay level i:: the decec=-eci. S-~­!-'...,.-

a~ea out. cf t~e o:uralitv o= i~termediate soot oatterns when an~_~ - . - -
0 ; ...... , i,.., - --"-""'- --- che dete:cced spo~ a~ea has any inte=~ediate g=ay level a 

densi~y of whi~h car.not be determined on a basis cf eithe= of tr.e 

max:.m:.:.::-. threshold value matrix and the minimum threshold value 

rnatri:,, and determines the density of a pixel having the 

intermediate gray level in accordance with the inte=mediate spot · 

pat~err. thus selected. 
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B • A system for conve~~i~g a a::::av scale image into a half-.., ~ 

tcne :.:nage !":.avi::.g a spot area cf a presc:!:"ibed. plurality of pix.:ls 

::or nr..iltipl.:: -=onal ::::a:::lga exp::::-essio:i, 

~ne system bei~g a ~ultiple ~or.al ra~ge image processing 

sys;:e:m comprising: 

raste:.riz:'..ng p:::-ccess fo::: generating a :::-ast:er image of a 

cor::::esponding pixel of wh:.ch ;:.as one cf a prescribed binary value 

dens:.ties i:i a~corda!lCe with a gray le·.rel of the pixels in the 

g~ay scale i!nage, ar:..d 

a half- tone co::ver=i::.g proces,s fer dececr;ing a spot area 

hav~~g one of a plurali~y of intermediate spot patterns out of the 

ras~e~ image and cc~verti~g the one of a plurality of intermediate 

S?O~ ?atter~s of the dete=ted spot area into a corresponding one 

of the plu=ality of ou~?Ut spot pacte~ns, and 

-:., ... ___ .._. 
pl~ral:.ty of output spot patterns are spot 

pa~~e=ns ac~~ally ex-pressi~g a ?resc=~bed plu~ality 0£ mul~iple 

tonal =a~ses by co~b~ni~g pixels which can take tertia=y or ~o~e 

values of density, and 

:r.e plurality of intermaciiate spoc patterns are spot patterns 

whid: logical:y exp=ess th·:: plurality of multiple tonal ranges by 

corn.Di~ing pixels whic~ ca~ ~ake only binary value densities and · 

also ~y varying the a=rangemant of the pixels. 
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- _.,... -·....;_ ·; :J:: ".le!:""::.::; a hal::-

---.::. _ ....,, __ _ ::lu~a.:.it·.r - - r..:: _, _ ' . pl.:·:-::.:.. 3 

. . . 
•:":. ~:.!..:.:. :.; .!.-: c-::r:a:. r:::.r:ge ~mage process~~q 

......... ..-,.,:-- ~ - .; ,_.., :::'-.;,., ___ .._.. ... , 

.: .; ...... -::: ,.. ----""' 
.:;: 

..... -~-.:a.,.,. .. ,... .. r.­-C:..,------··::s r.:e::.ns 
..::. __ 
~'-'-

--­_....,_ 

."",, 
~.i 

. . . 
corr:..oin::.ng 

. . 
;:::an a ma:·:ir.:-.:.=n 

the a~range:-::e::·t .... -....,_ -i---­...... c 

co:: ve !.-c i:ig 

ou;:side cf 

a g~ay :evel 

de::act,ed - ...-;:!..­
~--a 

convert.:..ng a g::-ay 1-avel of at 

-------- ---- -;v~~s ,~-~~-~ ;- -~~ ~~r~c~ 0d ~oot ----- :;:.._;.,.t:: ~ ......... -- __ ..... ._ __ ....... -·· ""·-- ---- --- .;;_ area ~~ the gray 

i~aae into th: ~=-~arv - . de~s:.ti-:s def .:.::aci. above usi~c 

10. A system substantially as hereinbefore described with 

reference to any one of the accompanying figures. 
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