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J. Erik Blunme *~'5°Field of the Invention Thi s inventlon reI es to
dot printers or other types of dot display systens, and nnr Z m(
particularly, to a method and apparatus.to enhance the quallty o] ges

printed by dot printers or otherw se aléplayed by dot display 10 systens.
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such as a sheet of paper. ldeally, if the |nd|V|duaI dots 15 are

sufficiently small and closely sty ! Wédénougierall imge, and not
t he individual dots, are perceived by the human eye. _ :
Aneesa’ R. 5canda11

J. Erik Blume

5 Field of the Invention
This invention relates to dot printers or other types

of dot display systems, and more particularly, to a method
and apparatus to enhance the quality of images printed by
dot printers or otherwise displayed by dot display

10 systems.

Background of the Invention
Dot printers produce a printed image by depositiné a
pattern of individual dots of ink upon a recording medium,
such as a sheet of paper. Ideally, if the individual dots
15 are éufficiently small and closely spaced, only the ‘
overall image, and not the individual dots, are perceived
by the human eye.
However, depending on the relative size of the
smallest detail of the overall image and the size of the
20'individua1 dots, certain irregqularities may be perceived
due toithe discrete nature of the dots and due to the
inheréntﬁnéture of the printing process. For exémple,
undesirable stepping (quantization) and jagged edges are
generaliy apparent when the image consists of a diagonal
25.1ine at a slight angle to‘the print difection, or a
diagonal'lihe at a. steep'angle to the print direction.
Jagged edges are also noticeable in images with curved
lines. ._'
Thuéf’what is needed is a print image. enhancement
. : 30 systémvfof providing a more pleasing dot image. This
print enhancement system should meet three important
criteria. Firstly, the appearance of the final image must
be improved in most cases with only minimal deqradation in
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HoweVeswgxagpending on the rel ative size of the snallest detail of the

*overall image and the size of the 20 individual dots, certain
“irregularities nmay be perceived due to the discrete nature of the dots
and due to the i nherent nature of the printing process. For exanple,

undesi rabl e stepping (quantization) and jagged edges are general |y
apparent when the inage consists of a diagénal 25 line at a slight angle to
the print direction, pr_a iagonal line at _a steep angle .to the print
direction. gﬁﬁpiiﬁﬂgra?g %?§6snot§88889éykn Sﬁa@&gaﬁtWWQQﬁved

l i nes. enfiarscendnat spstemdedstshavpr anmindmgd ieplastc erergr 3ttexyst em
for providin easd i e....:Thi ri qpqg{ tem
shoul d neet %l'%eéeﬁ)#l%@rzi aﬁ?ﬂgr(grf t egﬁg. prll—'lers?' ff‘?,ggt ﬁgthgg‘p@eégt{r%‘nce ?é‘%ﬁe
final inmge must beclowpeostdand gospatibde with exigting mystRRg adati on
in - 2- t he remai nder of cases.
Secondly, the print inmage enhancenment system nust have a m ni nmal i npact
on printer the, print inmage enhancenent system nust

be |Q“/COSt and coamskift eimbge exhahtBfief¥SE9Etem according to this
invention enhances the quality of images printed by dot
printers or otherwise displayed by dot display systems.

In the preferred embodiment, the print image enhancement

10 system resides in a dot printer. The print image
enhancement system effectively smoothes out noticeable
quantization in the dot pattern by using a set of rules to
transform an initial dot (or bit) pattern into an enhanced
pattern. The printed image is generated by printing the

15 enhanced pattern. _

The initial (pre-corrected) pattern input to the
print image enhancement system may consist of a matrix of
A rows and B columns of bits representing an initial image
of A by B dots for printing at X dots per inch along the

20 intended direction of printing. The preferred print image
enhancement system uses a method that includes the
following steps: (i) transforming the initial pattern of A
by B bits contained in a memory into an intermediate
pattern of A by C bigs, wherein C > B, by duplicating the

25 B columns of bits of the initial pattern; (ii) applying
at least one rule from a set of rules to modify the
intermediate pattern to create an enhanced pattern; and
(iii) printing the enhanced pattern at n#*X dots per inch
along the direction of printing where n > 1.

30 Each of the rules is-repreéented by a rule-pattern
and a rule-action such that the rule application step
includes the steps of: (i) comparing the intermediate
pattern with a rule-pattern to find a match; and (ii) if a
match is found, inverting at least one bit of the
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5 Summary of the Invention A print inmge enhancenent system
.accordi-ng to this i nvention enhances the quality of inages printed by
‘dot printers or otherw se displayed by dot display systens. In the
preferred enbodi nent, the print inmage enhancenent 10 systemresides in a
dot printer. The print inmage enhancenment_system effectively snoot hes out
noti ceabl e quanti zation in the dot paffe}h'by using a set of rules to
transf.orman  nitial,. (9 | pattefn. | a .ern. The
printed inag& %§%§§%§%g%a {%g%#$ht?%dg{ﬁgégéeeﬁﬂaﬁ@%de%gg?ngahaggn The
initial (prerode-asttddn,pdia oform ighe enhaheed patherinpmge enhancenent
system may consist of a matrix of A rows and B columms of bits
representing an initial jmag of A by B dots for printing at X dots per

i nch al ong t BEiEd LASGIIPEION OF (e HTAWIBEEng. The preferred print image
enhancenment systemjiffse a BHdasl dhaillwstrdesveh@iagtanl 6w gaesteps: (i)
transform t he ini tdal a(téerné)f A __ by B.b{':ts contained in a_nmenory
nto an i neoRRERerEed Rerhad desd by, the (print  Fudgs Sphangengat
duplicating tsyst¥m.B col unms of bits of the initial pattern; (ii) applying
at | east one rul e . t Ss ' he.__inie Lat.e .patt.ern
to create an enharﬁ:leggm pegt er%t?é%nég i %#??%P%H:%Yléngl?ﬂ%génhgﬁgédag%&qéarln at
n*X dots per patdiernalfoy nhntingcat ok édtsrperi hgchhaleng an] intended
Each of the thedid ¥ GHeIHEhdY @ef&ié-aﬁirt§£3ces§mpl??§oyultﬁeagﬁ% such

that the rule application'step “~1ncludes the steps of: conparing the
i nt er medi 0 1MagR @MARGIMERE (SWEEYBttern to find a match; and (ii) if a

Figure 2B illustrates the intermediate pattern that

results from duplicating columns of dots in the initial
pattern of Figure 2A.

Fiéure 2C illustrates the particular rule-pattern

15 which matches the intermediate pattern of Figure 2B.

Figure 2D illustrates the rule-action to be applied
to the intermediate pattern of Figure 2B.

Figure 2E illustrates the enhanced pattern that
results from application of the rule-action of Figure 2D

20 to the intermediate pattern of Figure 2B.

Figure 2F illustrates the enhanced final image,
printed at 2X dots per inch along the direction of
printing, that corresponds to the enhanced péttern of
Figure 2E. o '

25 Figure 3 illustrates one embodiment of the print
image enhancement system aécording to this invention.
Pigure 4 illustrates the preferred internal

implementation details of the ASIC of Figure 3.
' Figures 5A through 5DD illustrate examples of rule-
30 patterns with their corresponding rule-actions to be taken
in the event of a match between an intermediate pattern
and a rule-pattern. '
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match is found, inverting at |east one bit of the

' 53- I nternmedi ate pattern, as dictated by the correspondi ng
rule-action, to formthe enhanced pattern. Brief Description of the
Dr awi ngs Figure 1 shows an illustrative diagramof the 5 preferred
met hod used by the print inmage enhancenent system ' Figure 2A
shows an illustrative diagramof an |n|t|eﬂ B pattern, for printing at X

dots per |nc=-alono or|n i ng, before any

processi ng by ' ' 2 Figure 2B
il lustrates the |mt@mmnhammagzuenhan¢émént sgsﬂéﬁsaéconﬂdngltoathng

colums of d?héeh% Icuégdele pgf?%%%qigimggguéﬁdz ter ces B¢ 2C

illustrates par ch natc Re |nterne | at e
pattern of Fegmvenddonal, bit-mapped mmq:mst:@at:esnmg aul éna@tluadndtqr- be

applied  0okh®iithiRivmRGifl € Mpfd ef i iali G4E€ePB corresponds to a
conventional dot pattern which is printed by conventional
dot printers. A flowchart of the method used by the print
image enhancement system to improve the print gquality of
this initial pattern is shown in Figure 1.

10 In the flowchart, it is assumed that the initial pre-
corrected pattern is'already stored in a conventional bit
mapped memory, using prior art techniques, as illustrated
by step 101 of Figure 1." In the preferred embodiment, a 7
row by 3 column matrix portion (correction window) of the

15 initjal pattern in the memory is effectively isolated from
the initial pattern for enhancement. One example of this
7 by 3 correction window is represented by Figure 2A as if
printed by a dot printer at X by X dots per square inch.
It will be assumed for this example that the intended

20 printer scans a printhead along a horizontal axis across a
sheet of paper. '

The black dots in Figure- 2A represent 1’s in the
initial bit pattern corresponding to ink-dots that would
be printed by a p;ior art dot printer without the print

25 enhancement system. The white dots represent 0’s in the

| initial pattern corre;ponding to where no ink-dots would
be printed. Although this embodiment uses white and black
dots to represent 0’s and 1’s in the bit mapped memory,
this notation may be reversed. Also, although this

30 embodiment operates on a 7 by 3 array correction window,
this invention may be practiced on any size correction
window. _ ' .

As illustrated by step 102 in Figure 1, after the
print image enhancement system isolates the 7 by 3

35 correction window portion of the initial pattern, the
enhancement system forms an intermediate pattern. The
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\Figufe 2E il lustrates the enhanced pattern that results from application

.of the rule:action of Figure 2D 20 to the internediate pattern of Figure

2B. Figure 2F illustrates the enhanced final imge, printed at 2X

dots per inch along the direction of printing, that corresponds to the

enhanced pattern of Figure 2E. 25 Figure 3 illustrates one

enbodi nent of the print | mage enhanceﬁeﬁt*systen1according to this

i nvent i on. | ustratges.the eferred internal,
ER1LN8aPEEEEY

. Fi 4 j
I ment at | AMtAERd HES PabtodR 14! ERiL BaPETLEAE AR s £ (1 ougn
5DD i | | ust r atid lxstrtesd oby r Bigur802Pat t Thas intemeddat ec patdspuondifhg

rule-actions Etdﬁatﬁee tAels obtdihl8 BYCBhp?hcatTRECRaRA! W tn) d IfIEdi at e
pattern an rul'e-pattern. . > 4=
Descri pti on &ff tHigurefh rand resdlhenin a 7 byAéparnay edgdotsh@renent

system accq ik [ 0 dte§ 102! H¥CPRISNIAP8NHEESN' Rsande! rREH Rt
interfaces with a convenpti onal , b|t-nagped_nennné,cqntarnlng an initial
dot 5 or bitQ£i¥eﬁqﬁllq?ﬁ%°Pn?fi%IPﬁ§FP@ noCofhespBigdad,pattern.  For

example, step 102 may include triplicating each column of

dots of a correction window of the initial pattern, thus

resulting in a 7 by 9 array.

10 As illustrated by step 103 in Figure 1, after forming
the 7 by 6 array intermediate pattern, the print image
enhancement system compares the intermediate pattern with
a number of rule-patterns to see if a match exists. These
.rule patterns may be hard-coded into an ASIC, such as the

15 ASIC 304 shown in Fig. 3, or even stored in a conventional
memory. An applicable rule-pattern for this example is
illustrated by Figure 2C. The black dots of Figure 2C
represent bit wvalues in the intermediate pattern which
must be 1 in order to match with the rule-pattern. The

20 vhite dots of Figure 2C represent bit values in the
intermediate pattern which must be 0 in order to match
with the rule-pattern. The hatched dots in Figure 2C
represent "don‘t care" values which indicate that the
corresponding bits in the intermediate pattern could be

25 either 1 or 0 and still result in a match with the rule-
pattern.. _~

Each of the rule-patterns is associated with a rule-
action, such that if an intermediate pattern matches a
rule-pattern, then the action dictated by the

30 corresponding rule-action is performed on the intermediate
pattern. The rule-action corresponding to the rule-
pattern of Figure 2C is illustrated by Figure 2D.

- The hatched dots in the rule-action illustrated by
Figure 2D indicate that no action is to be taken on those

35 bits. The white dot of Figure 2D indicates that the

corresponding bit of the intermediate pattern of Figure 2B
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conventional dot pattern which is printed by conventional dot printers. A
* flowchart of the nmethod used by the print | mge enhancenent systemto

i nprove the print quality of this initial pattern is shown in Figure 1
10 In the flowhart, it is assuned that the initial pre- corrected
pattern is already stored in a conventi angl -bit mapped nenory, using
prior art techniques, as illustrated by step 101 of Figure 1. In the
preferred errimd'trrbat chandged fawmy tocd Wwo omdati flos tenimagcedr ection

wi ndow) of t Rt t i.n Vs f :Lgol at ed
from the |E§F pat tbgkw%%ts Ej'g:{hanc?tl%%% “{ Stt?é F&i %{#lbﬁ 7 by 3~
correction MKQGGW,|§19§§Ee§@ﬂtm@u®ﬁI%quQ§tB\Qnaﬂfthe[ﬁ¢¥W%§P99dan§ot
printer at Xpby Xedehs H?ﬁ:e%‘ih‘é%ﬁ%ﬁé"'(ﬂ&tterlﬂ idd e asanged £Pbmt B fo
exanpl e that the intended 20 printer "scans a printhead along a horizontal
axi s acros§ & t°sﬁ€6?t§ftﬁ§pémhanced Pafitemack dots |n Figure 2A

represent s in ke $11vistirbitala iyt s@_t;; em o ¥ R, tRkrdots hhat
woul d g g bed by a priaor art d t out t e frlnt 25
enhancenent F8mt §eﬁh999'd *4\? RATLeIR; tFal pattern

correspondlngoﬂdf&hdreonfommkaMDwmhandeﬁ paﬁtenn|byepbrf%rmbnghthhis

erodi Tent Usee sthl bR 36K ene Wbt RS a8 ScBIRT SokBy! e P!
ermbodi mentOopEhadss sbowan PHQ}Q§e§wWﬂthﬁrh§nRQn1Lﬁn@kﬁpundﬂhYstpnventlon

may be pract h.ﬁa‘il.cﬁ'ﬁea'%l&a%' (5 werz%ctlsoma WP n step 16%,1 hbustrated by
step 102 in Fi , .after print i nmage enhancenent systen1|solates

the 7 by 3 3!}°8éﬁ|’-€é?2r18|‘? wsna@\ﬂep#t e olfnt'tﬁffé“#qﬂaﬁ%lpﬂé??’é?n fReth
enhancenent gxamplel @fMthen indedmiEtiiatie Ritari.of Bigure 2B matching

the rule-pattern of Figure 2C, the action indicated by the

15 rule-action of Figure 2D is applied to the intermediate
pattern to create the enhanced pattern illustrated by
Figure 2E.

Steps 102, 103, and 104 may be performed on multiple
correction windows of the initial pattern at the same

20 time, such that large sections of the initial pattern in
memory may be enhanced in parallel. '

Once processing is completed for all or a selected
portion of the initial pattern, the enhanced pattern is
stored as shown in step 10S.

25 .Steps 102, 103, 104, and 105 may be repeated as often
as necessary via control return step 106 of Figure 1 so as
to process all or a desired amount of the initial pattern
received in step 101.

" As shown in step 107 of Figure 1, the enhanced

30 pattern is printed at a dots per inch (dpi) density along
the direction of printing (e.qg., aiong the horizontal axis
for a scanning inkjet printer) which is a multiple of the
original dots per inch density along the intended '
direction of printing of the initial pattern and,

35 consequently, at a dot spacing along the direction of
printing which is a fraction of the dot spacing of the
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I nt,ermedi ate pattern in this particular exanple is Il lustrated by Figure
2B. The internedi ate pattern of Figure 2B is obtained by duplicating
each columm of dots of Figure 2A and results in a 7 by 6 array of dots
or 5 bits. Step 102 of this invention is not restricted to only
duplication of a portion of the initial pattern. For exanpl e, step 102
may include triplicating each colum of dots of a correction w ndow of
the initial pmmﬁaai pahtern. r Bigureg2Fniilusbyasesr the final pramted

i1lustrated RS é&fé%ﬁﬁd&  £8f Eﬁé gefﬂea of! BRe’ iRY tGaA filage

|nterned|ate pa ern, the f ncement system conpares th
i nt er nedi at e PFaftiureiddy I ARbb 1‘6$tF§FéYﬁaF!‘éF‘H§et: 1§eé"h|ef %#Ht%lh

exists. ThesgmageildE mgﬂ@%meﬁé earsecpésﬂtéat atanoesag,l AWSThqaxHde
15 ASIC 304 own i,n :é%cﬁf¥or even stored ention ry. An

on
appl i cabl e 5 QiFesRin U knfe, | a1ong] FRS! PEFSACHT ¥ GRAFI2e The
bl ack dots oftHe @imalGmagepiegerinbed. adl o6 dpit Akongt eheediirtectyadn ern

which —must fe ol if Qderc o pleb WLBothE | U RERAERE" TniF13120atld

dots of Flgur v epr
was duplicated to obtaln the intermediate pattern

(Figure 2B).

10 In the above example, only the dpi along a horizontal
direction of printing is increased, and the dpi along the
vertical direction is unchanged by the print enhancement
process. This will be the case where an inkjet printer is
used which incorporates a scanning printhead having

15 vertical, linear arrays of ink-ejection nozzles which are
scanned in a horizontal direction across a sheet of paper.
The dpi in the horizontal direction is a function of the
frequency of the ink-ejection signals supplied to the
printhead. Since the printed dot density in the vertical

20 direction is solely a function of the nozzle arrangement,
the dpi density in the vertical direction is fixed. 1In
other types of printers where the dpi may be variable in
either or both of the vertical and horizontal directions,
enhancement of the image using the disclosed inventive

25 techniques may take advantage of increasing the dpi in
either the vertical or horizontal directions or both.

Although the above description is based on
duplication of the initial pattern in step 102, this
invention is not restricted to the embodiment shown in

30 Figure 1 and described above. For example, if the initial
pattern were triplicated in step 102, the final image
would be correspondingly printed at three times the
initial dots per inch density along the direction of
printing at one-third dot spacing.

35 Figure 3 illustrates in block diagram form the
preferred embodiment print image enhancement system of
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pattern which nust be O in order to match with the
The hatched dots in Figure 2C represent "don't care"

i ndicate that the corresponding bits in the internedi ate

d be 25 either 1 or O and still result in a match with the
ern. ‘Each of the rule-gatterns is associated with a
on, such that if an internediate pattern matches a
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converts the image data from host pro@essorn@gﬂ bBtQhanged

» J. |n|cate
teLdrH’(t%b‘r edoé“%’?%‘?ig 3romo0 to

The print image enhancement system is implemented in
this embodiment by ASIC 304. A Hewlett-Packard ASIC model
1TY8-0001 is used in one embodiment. ASIC 304 is hard-
wired with a particular set of rule-patterns and rule-

ely

actions and performs the steps 102-105 in Figure 1 to
smooth out certain quantization irregularities in the
initial pattern. For each column of bits processed for
enhancement by ASIC 304, two columns are generated, which
will be referred to as an even column and an odd column.
ASIC 304 then stores the even columns bits generated by
ASIC 304 back in memory 303 and the odd column bits
generated by ASIC 304 in an additional bit mapped mémory
305. Multiplexer 306 combines the odd column and even
column bits from memories 303 and 305 to effectively
recreate the enhanced pattern for printing._ The enhanced
pattern is sent by printhead driving circuit 307 to
printhead 308 for printing on the print medium.

The print image enhancement system of one particular
embodiment works incrémentally on 16 by 16 array portions
of the initial pattern stored in memory 303. Figure 4
shows an 18 by 22 storage array 401 which initially
contains the 16 by 16 array being worked on by ASIC 304.
The 16 by 16 array is shown by a dotted line 404 inside
the 18 by 22 array. The bit pattern contained in array
401 is loaded from the laréer bit mapped memory 303, shown
1n Figure 3, using conventional data transfer techniques.

The bits surrounding the 16 by 16 array 404 consist
of one additional column of bits on either side of array
404 and three additional rows of bits on the top and
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51 to create the enhanced pattern. As illustrated by step 104 in
"Figure 1, if there is a match in step 103, then the internediate pattern
i's nodi fied to form an enhanced pattern by perform ng the action
dictated by the corresponding rule-action. Step 10 104 is shown encl osed
with a broken |line boundary to indicate that if there is no match in
step 103, no nodi fication is made to The Tnternediate pattern. In the

exanpl e of the,.nternediate pattern of Figure 2B.nmatchin t.he .

Ul e pat ter n Bt SAL A8 ey FEbACT oRe paflikEefelybka 289 FRISENS A of

Fi gure 2D i s aapay erb1 csureound ingrearady 40pabrer netesseeyt dedamssndreced
pattern illu Y Fi 0 a be
per f or ned on%r{uﬁae{sle%fe) the c%l‘#'régtfxg%g% ﬁ%e\gc%gﬁﬁeégéitf ?na%rﬁat 531 %ﬁe
same 20 tinelthauentral Ikigeofert7ohE df arnayi gprraction simdav. ENoOry

may be enhaneRgngidarah|kder to hatlC8 PrBgeIShPdalS coPPRlcidh Wlinddy Of
a selected portion of the initial _pattern, the enhanced pattern is

stored as sh@R? SPEXARI e lefy; gpenegobitost the L4 py1d5 AFFIe
repeated as afdgh it abs NEECESHAYy VLo £ABLLAL tRbUEBpStRR ek ois Rrfflirtthdl SO

o 110 BT odl EfiERA! o SIRANAST RIRLLGE B3 Shboa iRl Vo
pattern is pworles icremetntapky onca L(dpby dénartrayal thds imverdiiactisn
of PrLT I8 (a0 TARATE HELIBAILIE! Seorbih BREAVATO S
t he intended conkaigbithm Wropei af i Haeolnikéalnparsrrpat hadf afd thos
consequent | y i riite i M Gla €BeEh NJoR! 88Het ABbSEFEEY PBrefion of the initial
pattern. o
A four-bit column address is applied to multiplexers

15 402 to select a column'of the 16 by 16 array for
enhancement as well as the left and right adjacenﬁ
columns. Figure 4 shows three 16:1 column selection
multiplexers associated with each row of array 401, for
selecting three adjacent columns at a time. Therefore,

20 for a given column address, multiplexer set 402 outputs an
addressed column of 22 bits as well as the left and right
adjacent columns.

Figure 4 also shows rule application logic 403, which
performs the method of steps 102-105 in Figure 1 on each

25 group of three columns of bits applied to logic 403. 1In
the above method, rule application logic 403 applies the
rule-patterns and appropriate rule-actions simultaneously
to the central sixteen 7 by 3 bit groups outputted by
multiplexers 402, as described with respect to Figures 1

30 and 2. |

For each 16 bit column of array 404 processed by
logic 403, two columns of 16 bits are generated, since
logic 403 generates two bits for every bit in array 404
processed. That is to say, for every central bit in a 7

35 by 3 array correction window evaluated for printing
enhancement, two bits are generated to provide the
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printing which is a fraction of the dot spacing of the

-7-  initial pattern. Figure 2F illustrates the final printed I mage
that corresponds to the portion of the initial inmge of Figure 2A. In an
illustrative exanple, if the initial i mage of Figure 2A were to be
printed at 300 dpi along the 5 directiom@f-printing (e.g., along the

hori zontal axis), the final inage is printed at 600 dpi along the
direction prinpingtenpganteheht- dorThepetiorg, FmMadditciond) imémquey t 20H

was dupli cat by ai Lpter I,a a r Rl ) 0

In thepabovef%xé%% e?go%FéthgH%nggggnéﬁg ﬁié%%ﬁﬁé Béﬁﬁéﬁéﬁﬂ%%}bf
printing i s Imceresegbodinente be abokgtt folumngeutputtrd eknion is

unchanged bypihg1 Pei by eiBgReCHBA! are RAREEHAtely St¥dda Din thee

ere
an inkjet printer iIs uséd which 1 ncorporates a scannin nt hea ﬁgving

pri
15 verti cal ,m¢MeEHr 383 r 3F sFaHUrRK3epBE: ildn the, AL tlanal g?’et magpetined in

a hori zont alméhéegt 805 8€r Psgueeshicet 16 apRPler embUEintitit) lmilepits
hori zont al dlrect%on |§ya12unct|ﬁn of the frequency of the ink-ejection

signal s suppPiERUtHedh FLPnRdaBaYsPc §55E D Aty (f’d}ﬁf%léY%’F‘P’f/ in the

verti cal buffer.
Although in this embodiment, the original bits in the

10 18 by 22 array 401 remain unchanged while each column is
processed, it is possible for either the odd column bhits
or the even column bits or some combination of these two
to be written back into the 18 by 22 array 401 to
implement a print image enhancement system using feed-

15 back. _

The above process is repeated for each column of the
16 by 16 array 404 until all 16 columns have been _
processed. A new set of 18 by 22 bits from memory 303 is
then loaded into array 401 from memory 303 for processing.

20 ' In another embodiment, array 401 is eliminated and
bits are applied to multiplexers 402 directly from memory
303 in Figure 3. _

In the preferred embodiment, although an intermediate

pattern (e.g., Figure 2B} of 7 by 6 bits is described

25 above as being compared to the various rule patterns, the
sixth column in the 7 by 6 matrix is not required for
comparison with the rule patterns since it is identical to
the fifth column. Consequently, a 7 by 5 intermediate
pattern is actually generated and processed by ASIC 304 to

30 avoid unnecessary complexity. This also makes it easier
to identify the central bit in the 7 by 5 array.

A multitude of rules may be used in conjunctioh with
this invention. Examples of various rule-patterns and
their associated rule-actions which may be used with this

35 embodiment are shown in Figures 5A through SDD. It is to
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20 direction is solely a function of the nozzle arrangenent, t he dp
density in the vertical direction is fixed. In other types of printers
“where the dpi may be variable in either or both of the vertical and

hori zontal directions, enhancenment of the image using the disclosed
inventive 25 techni ques may take advantaggiof. increasing the dpi in
either the vertical or horizontal directions or both. Al t hough the

above descri pd qibtied st more €hihi 68éi BItOhayhpel Ahveekedatinehed N Step

102, this i,nvention i.s not restricted to the_epbodi nent, .sho in 30
Flaure 1 and At dretees b Fhe fuleoeRELRR FParitls n ver e
triplicated in st dlll(ardwerd imetessange towbmplehentoaneepbodimgint @ nt ed
at three ti { s nd Tl Lpc i di r.ecti of
orinting at ohe dinf diledy liinEGhehl UylERs 14 2:B08aRNECYIRE Wi 0

di agr am f oPmabieyve desariptadnr mldebe known toaguecafanrdinaryswitidd of
-8- - thi s {i"@d iz, A host processor 300, such as a conventi ona

per sonal conputer,_ outputs inggs data in ASCII formor in sonme other
format. |f necessdfy anpther embodiment of the invention, the function

performed by ASIC 304 is performed by software programmed
into a computer, or performed by a combination of hardware
10 and software.

Although in the preferred method the dots per inch
printing density along the printing direction is increased
for the enhanced pattern, this may not a requirement for
enhancement of the image in certain types of printing

15 applications.

A print image enhancement system in accordance with.
the above invention has numerous advantages. Firstly, the
appearance of the image is improved in most cases with
minimal degradation for the remaining cases, depending on

20 the rule-patterns and rule-actions used. Secondly, this
system has minimal impact on printer throughput. Thirdly,
this system is low cost and compatible with existing '
systems. For example, the 18 by 22 storage array 401 of
Figure 4 could double up as a data rotator to rotate an 18

25 by 22 bit block of data by 90° before being enhanced as
described above. Such a rotator is typically used to
convert a bit pattern from one to be printed one dot at a
time across a page, such as with a laser printer, to one
to be printed by printing a vertical array of dots at a

30 time as a printhead is scanning horizontally across a
page, such as with an inkjet printer.

This invention may be practiced wholly in the host
processor, wholly in the dot printer,'or partly in the
host processor and'partiy in the dot printer. This

35 invention may be practiced with a correction window of
virtually any size, depending on the rule-patterns and
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character/graphi cs converter 302 inside dot printer 301 5 converts the

- nage data from host processor 300 into an initial pattern of bits. The
initial pattern of bits is then stored in bit nmapped nenory 303.
The print imge enhancenent systemis inplenented in thi s enbodi nent by
ASI C 304. A Hewl ett-Packard ASI C nodel g 1TY8-0001 is used in one
enbodi nent. ASIC 304 is hard- wired with a particul ar set of

rul e-patterng 3ol ddfliing £ Id Wiy a%égégstshﬁsat epﬁo}g%vé95 itﬁ-'é' gure

l1to snooth out certain quantizatiton irregularities i
pattern. For 193@#*6&%%?%@%&@%#%%5@@ @oVaISQBHhaﬁcéﬁﬁnPrbthS’ISG 304

two col ums gGehdRenNARG: Cﬂrlnt\!éi'é Qﬁdrﬁﬂ%rﬁéé beiAtess. eV BheC SudHn
and an odd Col"%éﬁ? ASI C 304 then stores the even,colums bi,ts gener at ed

by - ASIC 304 Ik \FORPEF laﬁﬁFt?nep’atlﬂt%?érrﬁnﬁf’f'g°ra§éﬁ€r By
ASI C 304 i 8 moreddirrayzalohidozwgednesngly WRidASinklatbplexsr azed

nb h I Yol 303 305
fg e;?:itfvgﬁngc%ﬁ.gg@af% ‘%ngnha%eécpﬁh?ﬁ?ﬁdf 8?33%9%?%852 ?hghg‘ﬁ%anced
pattern is sedt paper ion Fkeninfedons ing cuedidd7tooprinpr anpat&er80Lf or
printing on KRNI %&@Q&U’En s | nc)ahgvgﬁlﬁ% bgggﬁég%ga§gegggt syst em of

one particul ar enbod] ment wor enent y  on array portions
of the initi BFip&ing disRiast qQV#ﬁﬁﬁ)r%/u@E)SasF#gQFEthe sAYWSURS 18 by 22

storage albaﬁlé%]la\ﬂhlo&hd ni ichild Yery<edt aaps 1&9 16 by 16 array bei ng -
wor ked on by ASIC 04.. 30 Thq 16 3#16 arra otte I|n_404

atsentond Prid
inside the 18 by 30, P t‘:’BﬁP ﬁ d*PhSatPYFn
| oaded from ﬁ.heelndle@ertd)lhe rna]ripfs:traqu 203, nehoMlmJ.tu.ngEl gNume&puu;Si ng

conyent  onal a2 eIl U Yiitations of "Enbh! InBUAGRYUAY U911"%e'C

apparent to those skilled in the art after reading this
15 disclosure, all of which are intended to be included
within the scope of this invention.
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35:of 'one additional columm of bits on either side of array 404 and three
addi tional rows of bits on the top and

-9- bottom of array 404. The additional rows and columms in array 401
surroundi ng array 404 are necessary because the rules of the print inmage
enhancenment system are applied on the central bit of a 7 by 3 array
correction wi ndow. For 5 exanple, in ordet 19 have a 7 by 3 array
correction wi ndow 405 surrounding the left corner bit of the 16 by 16
array 404, it ceAmMsessary to include the top three rows and the | ef t
nost columm of array 401. Although this enbodinent  works increnentally on
a 16 by 16 array, this invention is 10 not so |limted. For exanple, storage
array 401 may  cont aFhathdsnedladmefd tiigs i nitial pattern, half of the

nitial pattern or sqre apbideos I%”dé’irhff a (S I Lhde £HIBEERE or

A four-bit colum address is applied to mulliplexers 15 402 to sel e¢
col um of the 16°obherwiger dispday a otk iBitge gereratad ( fEopcpp éﬁ&tlal

ri ght adj acents paeétehs ofFibiise cordfeBporidime i dn @I byYTB SeaLeik00f bits,
mul tipl exers assocbggggn 1%% %%Fqnﬁ. (¥ f%{é’ ﬁgging9§ dots per inch along
an intended direction of printing, said method comprising
the steps of:
forming (102) from said initial pattern an

10 . intermediate pattern of C by D bits wherein C > A and’

D > B;

determining (103) whether said intermediate
pattern matches a rule-pattern, said rule-pattern
being one of a plurality of rule-patterns;

15 applying (104) at least one rule-action from a
piurallty of rule-actions, if said intermediate
pattern matches a rule-pattern, to modify said
intermediate pattern to create an enhanced pattern of -
bits, said enhanced pattern of bits corresponding to

- 20 said final image; and | '
printing (107) said final image, cor:espbnding
to said enhanced pattern, at n*X dots per inch along
said direction of printing where n > 1.
2. The method of Claim 1 wherein said step of
25 forming (102) said intermediate pattern comprises
duplicating one or more columns of bits in said A by B
matrix of bits and wherein n = 2.

3. The method of Claim 1 wherein said A by B matrix
of bits comprises A rows and B columns of bits located in
30 a first memory (303), and wherein said intermediate
pattern duplicates one or more of said columns, said
enhanced'pattern comprising two or more columns of bits,
said method further comprising the steps of:

L:ADMS\3594\M-2414_UN0062159.01 ’ ~ 1093133-1
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sefecthg three adjacent columms at a tine. Therefore, 20 for a given
colum address, rmultiplexer set 402 outputs an  addressed col um of 22
bits as well -as the left and right adj acent col ums. Figure 4

al so shows rule application |ogic 403, which performs the nmethod of steps
102-105 in Figure 1 on each 25 group of three colums of bits applied to

| ogic 403. In t he above nethod, ruTeldpplication |ogic 403 applies the

| e- d i at | e-acti i mul £ anepusl to the central
Sixteen 7 by 3 bit SESHAND ) EEERA T oReT ot En L ap9lumBSaader | bod
W th respect t safidgenbantcelD patitedn in said Fbirsachedbrpi (300)uandof array
404 processed BorindUertdlihy deibCOESPlsdfa b buane BENEHTRET, Since

| ogi ¢ 403 generates t ts tor every In arra processed. That
is to say, foredhangecepatdiens iin m Sl pyemony r 6308bsr adbdi on wi ndow

eval uatgd for print iptdtighal ne?ﬁs WO d€orEE DRNSAMECEiIEQLPr OVi de the
" i neggf _heRefore an addi ti onal neﬁnry 305 S

- 10 - ri nting enhange
need to stoPe_ P‘ﬁ@og'gdfg&o&i%tsa g SRR gaemony3(305) to recreate

said enhanced pattern for printing. 1

4. The method of Claim 1 wherein said applying step
(104) comprises the step of:
10 on finding a match between said intermediate
' pattern and a rule-pattern in said determining step
(103), inverting at least one bit from said |
intermediate pattern, said bit being indicated by a
rule-action paired with said rule-pattern.
15
5. The method of Claim 4 wherein said rule-pattern
comprises a matrix of bits.

6. The method of Claim 1 wherein said step of
printing said final image comprises scanning a printhead
20 (308) of an inkjet printer across a recording medium at a-
density of n*X dots per inch along said direction of
printing.

7. An apparatus cbmprising: _
an initial pattern memory means (303) for

25 storing an initial pattern of bits corresponding to
an A by B matrix of bits, said A by B matrix of bits
representing an initial image having X dots per inch
aiong an intended direction of printing;

_ a transforming means (304,403) for detecting

30 said initial pattern and transforming said initial
pattern into an intermediate pattern of C by D bits,
wherein C > A and D > B;

oo
* [ L | s * '



I n-ene-enbodi nent, the 16 bit colums outputted in paral l el by |ogic 403
are alternately stored in bit mapped 5 nmenory 303 of Figure 3 and in the
additional bit mapped menory 305 of Figure 3. In another enbodi nent, al
bits outputted by logic 403 nay be stored in a single nmenory buffer.
Al though in this enbodinment, the original bits in the 10 18 by 22 array 401
remai n unchanged while each colum is 35 rocessed, it is possible for
either the odd colum bits or the even columm bits or sone conbination
of these two to be aetéteinbAgkmeahs (be4ldoBy Zdradeterdihiny

I mpl ement a pri | e.ehhancenent .system using feed; 15 back. The
above process iéﬁ?%%%gtﬁgl$o gﬁ%ﬁﬂegbggﬁnpggéFﬁg ma%f€eﬁya1§m§¥?ay 404
until all 16 cqattermastobednin apmemeryeunecaAsndwosgt adfonys wiyth?22 bits

frommenory 303¢5er rbiEDpLPRgE Rt NtO array 401 frommenory 303 for
processi ng. 20 rl% gng?%er en%bdinent, array 401 is elimnated and

bits ar® applied to ImedpfEingsnaansdi3edy 930 r Sernmappdying 0Fule—Fi gure

3. In tdee el esr edi@mbReerReliatk! BARERrAN ATy ¥a8a Ppattern
(e.qg., Figure %52 of 7 b% 6 bl{é I s descri bed 25 above as, béing conpared to
the various rultPyERedsdte pRttery; foLCEBRERN M ngeg, PR M 08 s not

required for bitsphfi sabdwinbtethediate patternsmatehes ta ruledentical to
the fifth cdtgght qug&tly, a7 by 5 internediate pattern is
actual | y generated and’ processed by ASIC 304 to 30 avoi d unnecessary
compl edi®y. This al s® eLngtmeans ef304¢ 40BJeforkf ptowdngewadd bit in the
7 by 5 array. enhancéd n%'éﬁtéﬂq?onb.i‘l:'ge§n”§ymgﬁlo&"§egle'a'?lsccl'i'o‘i!n,%tdsqn, wi th
this invention. Eﬁgﬁgles of varjous rule-patterns an

sal nhanced pattern corresponding to a dot pattern

to be printed at n*X dots per inch along said

direction of printing where n > 1.

15 8. The method of Claim 7 wherein said initial
pattern is stored in a bit-mapped memory (303) along with
a plurality of other initial patterns of bits
corresponding to an A by B matrix of bits.

9. The apparatus of Claim 7 wherein said
20 transforming means (304,403) for transforming said initial
pattern into said intermediate pattern duplicates one or
more columns of bits in said A by B matrix of bits, and
wherein n = 2. ' . |
10. The apparatus of Claim 7 wherein said A by B
25 matrix of bits comprises A rows and B columns of bits
located in said initial pattern memory means (303),
wherein said transforming means (304,403) for transforming
said initial pattern into said intermediate pattern
duplicates one or more of said columns, and wherein said
30 enhanced pattern comprises two or more columns of bits,
' said storing means (304,403) for storing said
enhanced pattern comprising: '

o TN 0 A A -



their ‘associ ated rul e-actions which nmay be used witthdthi s 35 _enbodi nent are
sfiown in Figures 5A through 5DD. It is to s Shee lackdht nor e
than one bit may be inverted in the i nt ernedi at e jjﬂuﬂ l,

rul e-action so dictates. "Al'l hardwar e necess t an
enbodi nent of the print imge enhancenent systemin accordance with the
5 above description would be known to d%e -of ordinary skill in the art.

I n anot her enbodi nent of the inyention, the function performed by ASIC
304 is perforned by 3Ft5EFEPPEHRY MeRES Lorneboringnpersainoongs iaff ned by
a conbi nati on &faibrebhirnd lofinga s@f éMRaRced patterfll HRoARG Aritgal

preferred neth er | ripting density al the printing
direction is i %%r%%rg%gm?w k%‘gybnﬁﬁﬁcig°ﬁéﬁ9epﬁ?£ﬁﬁf‘s C%S‘%rn&n%
requi rement forof saidhacebwsns of saibdi enbencedcpatéernt ipea a@feqarianti ng 15
applicatgl ons. pemory el npbgjalge enhancenent systemin accordance wth.
t he above invention has nunerous’ advantages. Firstly, the appear ance of
the image is inprovetRrith FWRATTERBsEWFEher comprising:
multiplexer means (306) for multiplexing bits
stored in said initial pattern memory means (303) and
said second memory means (305) to recreate said

10 enhanced pattern for printing.

THIS SHEET HAS BEEN
REPLAGED

A
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n1n|naﬂluegﬁadat|on for the remaining cases, depending on 20 the

rul e- patterns and rul e-actions used. Secondly this system has m ni nal

i mpact on printer throughput. Thirdly, this systemis | ow cost and
conpatible with existing systens. For exanple, the 18 by 22 storage
array 401 of Figure 4 coul d double g@ as a data rotator to rotate an 18
25 by 22 bit block of data by 90[ err| béfore being enhanced as .descri bed
above. Suc %ﬁﬁﬁﬁ, [ USSR % rom
one to be %I‘I rl:{l‘e) one ddé%ﬁw %&ﬁi«txl nme aécl(r?%%}smfﬁgag{eﬁ gll}g as mdtglaser
printer, to one to be printed by printing a vertical array -of dots at a
30 tine as a printhead is scamﬂmaghbomgzm@yﬁddugxwoss a page, such as
with an inkjet printer. ThIS nt| ey be practiced wholly in
the host  processor, wholly |AP??EF TR 3}1sor partly in the host
processor and partly in the dot pIJnmnik Bbuse35 i nventi on may be practiced
with a correction w ndow of virtually any size, depending on the

rul e-patterns and - 12 -

rul e- act &BSTR ] R Moreover, this i nventi on may

be practiced ory %é‘@l{écfté/n&faﬂﬁéri’fhgt f&? enhancing the quality of
images printed by dot printers or dot displays are
disclosed. Image irregularities caused by quantization

are smoothed by using a set of rules to transform an
10 initial pattern (Fig. 23) into an enhanced pattern
(Figs. 2E, 2F) for printing. The initial pattern
(Fig. 2A) may consist of a matrix of bits representing an
image having X dots per inch along an intended direction
of printing. An intermediate pattern (Fig. 2B) is formed
15 by replicating columns of bits from the initial pattern
(Fig. 2A). Image enhancement. rules (Fig. 2C) are applied
to the intermediate pattern (Fig. 2B) to invert (Fig. 2D)
one or more bits in the intermediate pattern (Fig. 2B) to
create an enhanced pattern (Figs. 2E, 2F). The enhanced
20 pattern (Figs. 2E, 2F) is printed (Fig. 2F) at n*X dots
per inch glong the direction of printing where n > 1.

(Fgs. 2- 2F)
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such®as-laser jet printers and ink jet printers. One such i nkj et printer
conprises a printhead incorporating one or 5 nore arrays of nozzles

t hrough which ink droplets are . selectively ejected. The printhead scans
across a sheet of paper or other recording nmediumto print a pattern of
dots. This invention may even be practiced on dot printing display

devi ces such as a cathode ray tube 10 display or a liquid crystal display.
The description of an enbodi nent this invention is i nt ended to be
illustrative and not |imting. Ndf&r ous nodi fications to and variations’
of this enbodinment will be apparent to those skilled in the art after

reading this 15 disclosure, all of which are intended to be included
wi thin the scope of this invention.

- 13 - CLAI M5 Wiat I's clalned Is: 101 1. A method of using
a dot printer to print| or PLACE INITIAL PATTERN IN BIT )
MAPPED MEMORY.

—_—

ISOLATE PORTION OF INITIAL PATTERN 102
AND CREATE INTERMEDIATE PATTERN. |

l

COMPARE INTERMEDIATE PATTERN 103
WITH RULE-PATTERNS TO SEE 4
IF MATCH EXISTS.

—
(=]
N

| IFMATCH EXISTS, MODIFY INTERMEDIATE | 104
| PATTERN TO CREATE ENHANCED PATTERN |

|  USING RULE-ACTION ASSOCIATED WITH

MATCHING RULE-PATTERN. |

STORE ENHANCED PATTERN IN MEMORY.
(IF NO MATCHING RULE-PATTERN, STORE 105
INTERMEDIATE PATTERN INMEMORY)

[

PRINT ENHANCED PATTERN (OR
INTERMEDIATE PATTERN IF NO MATCH) 107
* AT A DPI DENSITY ALONG A DIRECTION OF _/
PRINTING WHICH IS A MULTIPLE OF ORIGINAL
DPI OF INITIAL PATTERN.

FIG. 1



ot her wi se display a final image generated froman initial 5 pattern of

bi'ts corresponding to an A by B matrix of bits, representing an initial
i mage having X dots per. inch al ong an i ntended direction of printing,
sai d nmet hod conpri sing t he steps of: formng (102) from
said initial pattern an 10 I ntermedi ate pattern of C by D bits wherein
Clerr] A and D > B; determ ning (103) whether said

i nternedi ate pattern mat che/8 rul e- pattern, said rule-pattern
bei ng one of a pl ur g gh rul e-patterns; 15 agbl i pg (104) at
plurality of ' [

| east one rule-actid 4 N ,
I nternedi ate '8 mat ches a rul e-pattg L g o o o ai d

i nternedi ate patter QQ’*"’* an enhanced patter} , said
enhanced pattern of \hi/SpW®rresponding to 20 rapge; and
printing (107) sai d mage, correspondi ng - hanced

pattern, at n*X dot
where n > 1.

ch al ong sai d et PRoTngahi Nt i Ng
The method of Cdaiml ﬂﬁ;‘-’@ yWep of 25
formng (102) said @05 late pattern conprises 0
more col ums of bitdAbyB matri x of
3. The met hod of Gr8 wherein said A by B na ® conprises

A rows and B col f pite located in 30 a first mem)ry(33 , and
wher ei n said intmqﬁéﬁ FlG Zé

'.o-"
I
-

DDLU
0200

X
N
N
N

N
N

9.
G

S
N
S@

I\
N
N

N\
NN

’

N
AMD
N
N

N
N
N

O\

Q
N\




pattern duplicates one or nore of said colums, said enhanced pattern

conpr.i sing two or nore colums of bits, said nethod further conprising
the steps of: - 14 -

storing (105) certain ones of said colums of sai d enhanced pattern
in said first nenory (303) and storing certain other ones of said
colums of said enhanced pattern in a second nenory (305); and 5
mul tipl exing (306) bits stored in $48d first menory (303) and said
second nmenory 43809 to recreate sai d enhanced pattern for printing.

4. The_netfiod of Claim1 wherein said applying step (104) conprises

the step]of: 10 XB fDisAa'di ng a match between said internedi ate
pattern hnd HOSHI e-patter'M & UAAd det er i ni ng step (103),
i nverting RPROCESSPRgne bit frdgm said intermedi ate pattern, said bit
bei ng i ndi cated by (ASCllyrjul e- action paired wi+t3pfsaid rule-pattern. 15
T CHARACTER/ GRAPHICS — -_—__——;—I
CONVERTER | a3

303
INITIAL PATTERN

BIT MAPPED MEMORY

«

| s

E 3 /305 - i

ADDITIONAL
BIT MAPPED MEMORY

MUX
306

/‘ PRINTHEAD
DRIVING CIRCUIT|

307
| v

7~ | PRINTHEAD




5. The nmethod of G aim4 wherein said rule-pattern conprises a matrix

of bits. 6. The nethod of daiml1l wherein said step of

printing said final imge conprises scanning a printhead 20 (308) of an-
inkjet printer across a recording nmediumat a density of n*X dots per

i nch along said direction of printing. 7. An apparatus

conpri si ng: .an initizy pattern nmenory neans (303) for 25
storing an initial pattern of bit %orresponding to an A by B
matrix of bits, said A by B matrixsof bits . representing an initial
| mage having X dots per inch ©w along an infended direction of
printing; a transforg ng neans (304§?03) for detecting 30 <
said initial pattern and transfor¥l ng said initi ‘pattern into an

i nternmedi ate pattern of C by D bits, wher®in C > A and D > B;

FIG.
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10. The apparatus of Cdaim7 wherein said A by B 25 matrix of bits
conprises A rows and B colums of bits | ocated in said initial pattern
menory neans (303), wherein said transform ng neans (304, 403) for
transform ng said initial pattern into said internedi ate pattern
duplicates one or nore of said colums, and wherein said 30 enhanced
pattern conprises two or nore columms of bits, ' said storing
nmeans (304, 403) for storing said enhanced pattern conpri sing:

-16 - _ a distributing mear®/® or storing certain ones of said colums
of said enhanced pattern in said initial pattern nmenory (303) and storing
certain other ones of sahd col unms ﬁfrﬁgpp enhanced pattern in a second
nenory neans (30PATTERN sajd apd% atus further conprising

ghstored in said initial

mul ti pl exer nmeans (306) for_nuljjip Y
pattern menor A S (YA ,f-‘:/"{?‘(’c’/ {_A’- means (305) to recreate
sai d enhanced nt2$~ 04 gl ectronic printing apparatus
for printing 4 W&a}?'

//
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| mage, conpri sing: a quanti zation arrangenent for isolating froman
initial pixel pattern indicative of a low resolution bit mapped i mrage a
desired portion thereof for enhancenment and for generating relative to a
determ ned binary state for each pixel in said desired portion an

i nternmedi ate pixel-bit structure for enhancenent; and a snoot hi ng
arrangenent for recognizing said internediate pixel-bit structure and for
nodi fyi ng the recogni zed structurg/g o substantially elimnate

irregularities introduced therein by said quantization arrangenent to
An el ectronic

facilitate printing the enhanc ' ppped i nmage 2.

printing apparatus according té’g’éﬁiggﬁl \/\hereﬁcg‘zl quanti zation
arrangenent i ncl udes: an input nmenory device for storing i nage data
indicative of an initial piggB @AM ¢ X0y erent
arrangenment coupled to sai 7;"])“}? ' ‘ SOIRP¥ng correction
vm'ndowdatafromsaidiniti ng an

i ntermedi ate plLxel. pa n
el ectronic prﬁi .a @

75 13. An

KRN ng
arrangenent incl udes: tata b @ § ¢ TSNy L% rcﬁl@wmgtm
generating an enhanced pi xé Qﬁ*ﬁ;ﬂ‘* v /R FIN 50 at e pi xel
pattern corresponds to at 4}/5/ : 2775 a@Pored rul e
patterns, each one of said rdt,.g,,:t;,/;)/
action for converting said 2L £
pi xel pattern; and

a transl ati on
ai d enhanced
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recognition circuit for storing bit map data indicative of said enhanced

pi xel pattern to facilitate the printing of the bit map image at a hal f dot
printing apparatus according to claim 12, wherein said correction w ndow
data i.s arranged in a matrix array of A rows and B columms of pixels
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6. " An eI ECLOI’II C prl nting apparatus according to claim12, wherein said
i mage menor y§ : ammed with a plurality of ruleterrplate
patterns arr trix array of éJstﬁﬁ‘ Adgrivoged B
colums of p ctronic printi appar at us accorcﬁng to
claim 15, whgr recognition circuit conpares the pattern of
pi xel in the}i t er nedi at e pi kel pattermgdth the pattern of pixels in each
rul e patternjand 1 n response tp a conparison of selected ones of the pixels
in the interbediate and rule | tterns generates a conversion S|gnal to

facilitate i mage enhancenent. An el ectronic prjintin
according to cl alwnrdoutm%mmssfar&teeﬂmeﬁ%%ﬁ s%‘ﬁé’%ﬁ @Ié)"rf nfa'pmage
aip Athefod of

enhancenenenhanced3ogttertip said initial patters ogeroorys| andcﬁormwe
i mage enhasaeswitsaid eofurnas of;said enhanced Ipatfeny if rosecond mematy pisasis
pattern i nfagsy,i ve of a Ilow resolution bit mapped i mage a desired portion
t hereof for enh ratus furtherd&SiRpAsihgY rel ative to a determ ned binary

state for each ﬁ‘L fi léi&rsl‘?lbgnge@brﬁdfo?o 1fBleRihg' BItS" SRALATIR BaiyCiritealt

structure fo{te?n memory means (303) and said second memory means {305) to

recreate said enhanced pattern for printing.

11. An electronic printing apparatus for printing an enhanced bit mapped
image, comprising:

a quantization arrangement for isolating from an initial pixel pattern
indicative of a low resolution bit mapped image a desired portion thereof for
enhancement and for generating relative to a determined binary state for each
pixel in said desired portion an intermediate pixel-bit structure for
enhancement; and

a smoothing arrangement for recognizing said intermediate pixel-bit
structure and for modifying the recognized structure to substantially eliminate
irregularities introduced therein by said quantization arrangement to facilitate
printing the enhanced bit mapped image. '

12.  An electronic printing apparatus according to claim 11, wherein said
quantization arrangement includes:

an input memory device for storing image data indicative of an initial
pixel pattern; and

an enhancement arrangement coupled to said input memory device for
isolating correction window data from said initial pixel pattern and for
generating an intermediate pixel pattern for image enhancement purposes.

13. An electronic printing apparatus according to claim 12, wherein said
smoothing arrangement includes:

a pixel pattern recognition circuit for generating an enhanced pixel

pattern whenever said intermediate pixel pattern corresponds to at least one

~ of a plurality of prestored rule patterns, each one of said rule patterns being

indicative of a translation action for converting said intermediate pixel pattern
into said enhanced pixel pattern; and

* ¢ L M s x



-16b" - recogni zing said internedi ate pixel-bit structure; and
nodi fying the recogni zed structure to substantially elimnate

irregularitie n by said quanfi,zation arran .
facilitate prijnREPAGEMENE SHEEIcH bit mapped | F%tg%saf&v9ea8ﬁs?#-3§?£§%5‘é.9%§
relative to said initial prxel pattern. 20. A nethod of image enhancenent
according to i my§9 gpeg N|sfi d step of isolating includes:

storing inmageldqta indicative said_iqdtial pixel pattern; and

i sol ating cor fectt 3 fromsaid initial pixel pattern. 21. A
met hod of i nmage enhancenent acce¢rding to claim20, wherein said step of
generating includes: . generating an internediate pixel pattern in
_response to the abitireapimemairy dexiagaresponsive tossaidinixel pattermagsognitionenent
accor di ng teircuitafon Sbringhisit enap <hatal indieptivé ofwsiiid enhgnced [pixkd pattern to
gener at i ng fagilieitb ahe prinkingf the bitmapwhege\«tra alf dot Bpacing delative o sald
pattern CohikigaPpiXes pafteth. | €ast one of a plurality of prestored rule
patterns,

14. An electronic printing apparatus according to claim 12, wherein said
correction window data is arranged in a matrix array of A rows and B columns
of pixels indicative of an image position to be enhanced.

15. An electronic printing apparatus according to claim 12, wherein said
enhancement arrangement includes:

a binary determination circuit for determining the binary state of each
pixel in said matrix array; and

a replicating circuit responsive to said binary determination circuit for
generating an enhanced output signal being indicative of said intermediate
pixel pattern.

16. An electronic printing apparatus according to claim 12, wherein said
image memory device is preprogrammed with a plurality of rule template
patterns arranged in another matrix array of a like number of A rows and B
columns of pixels.

17. An electronic printing apparatus according to claim 15, wherein said
pattern recognition circuit compares the pattern of pixel in the intermediate
pixel pattern with the pattern of pixels in each rule pattern and in response to
a comparison of selected ones of the pixels in the intermediate and rule
patterns generates a conversion signal to facilitate image enhancement.

18. An electronic printing apparatus according to claim 16, wherein said
conversion signal enables print image enhancement from 300 dots per inch to
600 dots per inch.

'19. A method of image enhancement, comprising ;

isolatingifrom an initial pixel pattern indicative of a low resolution bit
mapped image a desired portion thereof for enhancement;

generating relative to a determined binary state for each pixel in said
desired portion an intermediate pixel-bit structure for enhancement;

LN 0 O



each one of said rule patterns being indicative of a translation action for
converting said internediate pixel pattern into said enhanced pi xel

pattern; and g ATl P™ map data indi sai.d r}ﬁ@ﬁ xel
pattern in r=sMﬂMﬁEM5NEE§'%E n{ er nedi ate pi xel%a”g‘ﬁ'g‘é Slﬁegértr eggo ng t% at
| east one of js@ra.pryrality pflprestored rule patterns to facilitate the

printing of fin en.pﬁnw 1@8 map | mage.

- 16b -

recognizing said intermediate pixel-bit structure; and

modifying the recognized structure to substantially eliminate
irregularities introduced therein by said quantization arrangement to facilitate
printing the enhanced bit mapped image at a half dot spacing relative to said
initial pixel pattern.

20. A method of image enhancement according to claim 19 wherein said
step of isolating includes:

storing image data indicative of said initial pixel pattern; and
isolating' corrective window data from said initial pixel pattern.

21. A method of image enhancement according to claim 20, wherein said
step of generating includes:

generating an intermediate pixel pattern in response to the corrective
window data.

22. A method of image enhancement according to claim 21, wherein said
step of modifying includes:

generating an enhanced pixel pattern whenever said intermediate pixel
pattern corresponds to at least one of a plurality of prestored rule patterns,
each one of said rule patterns being indicative of a translation action for
converting said intermediate pixel pattern into said enhanced pixel pattern; and -

storing bit map data indicative of said enhanced pixel pattern in

response to said intermediate pixel pattern corresponding to at least one of

. said plurality of prestored rule patterns to facilitate the printing of an enhanced
bit map image. :
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