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The disclosures of these applications and patents are incorporated herein by reference.

BACKGROUND OF THE INVENTION

A market has developed for inkjet printers that can dock directly with digital cameras.

These printers are expected to download and print the photographs quickly and with a

minimum of user input. A significant part of the delay between docking the camera and

printing the photographs, is the processing time needed to prepare the image data for the

printhead.
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di scl osures of these applications and patents are
usingdifferat edridtdéei Bachyolotf §aebss a pBRAGHERSINPapTichtitn. RGB (red,
I NVENTION 5 A mar ket has devel oped for inkjet printers
bleah, 1had) idaekhafirsIRSIduY spict %ﬁ&i&@ﬁa’?@rﬂﬁﬁ%ﬁt %urc]:fe[tag #fevision screens

printers are expected to downl oad and pri

R W

aner d r.inting.the phqtographs, i.s the )
ittt oidrisetaih 5Bl 68 SRR orifted Smasss dropp e printer
the printhead. 10 WO 2008/ 006131 PCT/ AU2006/ 000975 4
TreCrdjusingicecdsemingnectsitchapraingpeachlae) sepgrriss diedhminance from the
col our space conversion, inmage rotation and
tlabfirenca (istalycarveristed toe’ chminly chaahele forindre camtehient data
These tasks are briefly
compression. Humans are more sensitive to luminance than chroma so any change in

chrominance resulting from compression and subsequent decompression will be less
noticeable than an equivalent change in luminance. This means both chroma channels can
be heavily compressed as long as the luminance is lightly compressed. With two of the
three channels heavily compressed, YCC image data is more efficiently handled by the

Processor.

Digital cameras capture images natively in RGB. For efficient storage, the images are
converted to YCC and compressed. Image data downloaded from a camera is typically in
sYCC which is a widely recognized standard form of YCC. This must then be colour

space converted when it is output to a screen or printer,
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specified in different col our spaces wusing different

vari abl es. Each col our space has a particul ar use or

HRR intat iodowiReiieir6 d printhr a@e dath idignveged foahdplitheas colour space
col our space for devices that emt |ight such as

B be Rl PG R MmOl RN WIRWAIE kB (g fine xplots
Vi h displ [ 1 flec [ c .

B8P ReieaPorbofairfhel YRGS plbrbited niblsBlodysP @i Qontinuous

chram nance, red,. chrom nance, bl yue) separ at t .

oA e TPk PRRER B ARSI doLe 8y % b e edisesghl locations

to "chroma') channels for nore convenient data i

e themeaskid, on not-Uheimevesrdotydiprersedoyer drge of white(Femkpraper, will appear

than chroma so any change in chrom nance resulting

foreymas e opuntess sleade anmewhérs bgtvessh wiieany tiesdit colowr, Idepdreling on the

| ess 15 noticeabl e than an equi val ent change in

hufibsrafidets. This means both chroma channels can be

heavily conpressed as long as the lum nance is lightly

conpressed. Wth two of the three channels heavily

conpressed, YCC image data is nore efficiently handl ed

he rocessor. 20.Digital .caneras.capture |j es
Rl 10 pRRAE RORR -l ef of Ric BB A5 580 T ol rgmese of
onyerted tq, YCC and conpressed. | mage data downl oaded, .
Shold valtis disppsed %?'bggvmﬂyﬂ% ftess Vegcopionae @lrge‘oaﬁ%@r gach pixel
recogni zed standard formof YCC. This nust then be
arglcompared fia the spafialbr ostspinding threskold velyas witbinghe syagen If the
or printer. WO 2008/ 006131 PCT/ AU2006/ 000975 5 If the

comge lewe] dovaetlo thaehiretionld vialoe,ri dot of tHae calatmais ipsinted (or equivalently, a
converted to the pritner's colour space and the

§6NSpAkted ¢ahe bbnt6MAIRNE 1S grhRr thah ot eqed toMhsRh@sibld, W@ less than, or
matri x. Halftoning explorts the eye's perception of a

. i a - Y t.
RS b S R Bl 6 09 ARG 10N o
gert{zvgén fie %gﬁtogg and Nalfloge ﬁrflagte, Sut ?lgedéyeeslg ﬁl?glge‘:fy &nosgr?stitlixpe 3 these high

frequency differences.

To produce a colour image, the separate halftoned images for each of the three colour
channels are superimposed by the printer on the media. Printers typically have cyan,
magenta, yellow and sometimes black (to conserve the other inks and provide a ‘truer’
black). This is abbreviated to CMYK (Cyan, Magenta, Yellow and blacK). If the print
resolution, or dots per inch (dpi) is high enough, halftoning can reproduce any colour in the
printer’s gamut (palette of printable colours). Accordingly, the individual dots in CMY(K) |

space are colour averaged by the eye to reproduce the colours of the original image.
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matrix covers a small area of 6he inmage at a tine. The
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t hroughout its sites. The contone col our levels for

Aa&BvRI f @bwnﬁﬁ@e&ﬁ%ﬁp et R cih&ash Q#)Ih@ﬂol inter, the user does not have
correspondi ng threshofd values within the matrix. If

SRS RS 5 SR ey B
BOABIS SR 0B o B R B ot o

to the threshold value). This wll produce many

b artomatigelly ead veiorngy sppligdda theienagenpéerdo anatingl f t one
i mge, but the eye is largely insensitive to these
hi gh frequency differences. To produce a col our

i mge, the separate hal ftoned i mages for each of the

Ohé eemfeh abd rel@RRNTd sk idiape SHiRRICEBRIEchnRY1elif BisRighdh kpansion.
on the media. Printers typically have cyan, 20

Ig;ﬁ%g{btv?s El\é %uog.\”gé:}g:\%ﬁp}r@lﬂaﬁﬁﬁg ?ﬁ&%}ﬁéﬁé %jc.o‘i:(%ﬁ? Efelﬁgntthtﬂ the raw image

nks an de a tru

RERE S S, SIS R B0 B RS A e To o
hi gh .enough, hal ftoni ng can reproduce any col our in
e 1t ippeasssary © C@i%ﬁ?}tlm@ e Piaitiss gnd gw?c}e]hla Op Gy colour channel.
Accordingly, the individual dots in CW(K) space are

This drol ves dheepdlgetinn oftbe Syree edourd pradeifos eaghpixelgindueeprding the

the original imge. 25 WD 2008/ 006131

REAbeAldZ POGIsGARITD int6 aDmvgel cfdibeckte oalgeslevd intbevals to build the
mani pul ated and enhanced on a conputer prior to

RiktoBtanitd -Usu Rriginal i RRgRd hiktd@hb With'a@Bag one sparsely
canera to a photo printer, t he user oes not have an

. ¢ : vi . o
RORBILIASLY, U5 Ml AR, eSS it o
LpeerRenAke sre Lol ati yel v basic d mge, enhancemmnt o,
Spreading the pixels more evenly across the histogram improves the colour contrast. As
the number of pixels in the sparsely populated regions is insignificant, reassigning them to

a single colour level has little, if any, detrimental effect on the image. So in the vast

majority of cases, the net effect of histogram expansion is an enhancement of the image.

Unfortunately, the processing tasks associated with histogram expansion can delay
printing. In some printing applications, there is an expectation that the printer will start
printing the downloaded images almost instantly. Photograph printers that dock directly
with the camera are one such example. The captured images will typically download from

the camera upon docking and automatically print the images to 6 inch by 4 inch photo
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It inproves the colour contrast by expandi ng the range

of colours present in the raw i7fmage data so that it
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at | east one sparsely popul ated regi on. By
re-assigning all the pixels in the sparsely popul at ed
region into one 15 of the colour levels, the rest of
SHYMARYD PFANME AN VENIION | nt o t he vacat ed regi on.
Spreadi ng the pixels nore evenly across the histogram

Apuraingso b iRstGepM thE pidbdnd shventisn prokRled b HRHodAf dniSlIsting
in the sparsely populated regions is insignificant,

EGAGR 8R0S B h it G ix! b brdshafs
i f anyl, get ?i nment a?ﬂé)??@g?g g(r?]httﬁ eﬂ%ggg%%éWCA%ﬁsll&'
vast jority of cases, the net.effect aof histogram
expa ng‘%{%&ﬁsflgaaﬁ ?egﬁf‘r%]ﬁ c%?ﬁ@ﬁ’ien%tfc ‘ffﬁge F?Pg‘élbe 1mage datd;
Unf or t unat el the processing tasks associated wth,
hi st o&?l%%%@% least s Cg‘%ﬁ%"f&@ﬁté&/to dsive 8 pergndary dithgramatrix from a
printing applications, there is an expectation that
predetgimpined priggeryl ditheamatrixpapdt i ng t he downl oaded i nages
al nost instantly. Photograph printers that dock
di r echdlftoning the dconencanegadas evithrike sdcohdaex ditidrenatiike
captured imges will typically download from25 the
camera upon docki ng and automatically print the inages
to 6 inch by 4 inch photo WD 2008/ 006131 _
RGH : e

d%gg %@8@%? E‘latr?x &{?ac% egrr] efeElt to e f;??rggfg\%ﬁ}%%e eﬁﬂan?é;rbvent

expec O see thelr photo I ng In a
sSec.on

. Nore | rtantly, .users expect good qual j.t .
BFFRE o e ioHy eadS dath: HAGURS: TCohison rpai gy ftensive to
I ntensive ippge enhancenent is counter to quickly )
manipplate tﬁ@ dither sty dnstggd of all the raw image data. For example, if the dither

matrix is (say) 64 x 64, with each element being an 8 bit value, it has roughly 4 kilobytes

of data. By cqmpaﬁson, a digital photograph (6 inches by 4 inches) at 3 mega-pixel native
resolution, is about 10 megabytes of data. So, in this example, the number of
manipulations to the dither matrix is about three orders of magnitude less than that needed
for the image data to achieve the same net effect. As discussed above, histogram
expansions are a very common image enhancement technique and simply compressing the
range of threshold values in the dither matrix as an inverse to the desired expansion of the
histogram provides an equivalent result with far less processing. Furthermore, as the data

in the dither matrix is a tiny fraction of the input data, the dither matrix can be given added
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According to a first aspect, the present invention
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to be halftoned with a dither matrix, the nethod
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hal ftoni ng the ‘contone i mage data with thé secondary
dither matrix. Manipulating the dither matrix can be

equi val ent to perform ng i mage enhancenent 15

mani pul ations to the input image.data.. However, it far
{ecnding o ciong Asnacl thebresot YWSREOT HAKIdBLF BYial dogine controller for
dither matrix instead of all the raw i mage data. For
axiakist arinter, thoprintjqngine copglier COMPTIFBAY) 64 x 64, with
each el enent being an 8 bit value, it has roughly 4

ki | obypesessof fodateivilly cadonpamiagedatan di gi t al

phot ograph (6 inches by 4 inches) at 3 nega- pi xel

nat i veemo@pstbiihig @ Predeferdied prikry'gigial Yisx,ofhadaiha. So,

in this exanple, the nunber of 20 mani pulations to the

di t hefhe Pobdebsor ScoM@ited!th HER RIS Ration hdtH9&id F3Re contone

than that needed fOr the inmage data to achieve the
t_. aff I.scussed ab hi_ st oqr ap N

SRS (36 cn eSS 1 s Cp A R AR R b matix using the

techni que and si.npl.y conpressing, the range of

?tﬁ?aé ﬂ‘gil %Wg cf’ﬁﬁﬁﬁ’é?g%?l? FfBi‘gerfB’tt‘FiSRC}h@‘a n inverse to

the desired expansjon of the_ histogram provides an

equi viesartopeimage data is hekonpd withgheseserdany dither matrix prior to

Furthernore, as the data 25 in the dither matrix is a

primtingf ract i on of the input data, the dither matrix can

be gi ven added WD 2008/ 006131 PCT/ AU2006/ 000975 8

conplexity, or granularity, in order to achieve a

better result than a normal histogram expansion,

PR 8b15 L tht bLoRbRY it FAU B BRI LElour RVBWaRles 95 Fikd1 £l BB Mage, the

p e

colour level values having a certain distribution within a predetermined range of discrete
colour levels, and, the at least one characteristic of the contone image data relates to said

certain distribution.

Preferably, the primary dither matrix has a range of threshold values and the secondary
dither matrix has a compressed range of threshold values for comparison to the colour level
values of the contone image data during halftoning.

In a further preferred form, the at least one characteristic related to the certain distribution
is the minimum number of contiguous discrete colour levels containing a predetermined

portion of the pixels, divided by the total number of levels in the predetermined range of
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According to a second aspect, the present invention
provides a print engine controller for 5 an inkjet

w@eoosvedi3l t he print engine controller conpri siPQI/AE2006/000975

processor for receiving contone i mage data; nenory
storing a predetermned primary dither matrix;
diseretd aojour evely. daseme enibsdinmnts, tHerpeldia@ntiaddasotiieieoBthe pixels is
| east one characteristic of the contone inage data

ted EHah W08 secondary dither matrix fromthe primary

ither matrix using the 10 at |east one
characteristic of the contone i nage data; such that,
the contone inmage data is halftoned with the secondary

i t.her. tri rior,to rinting. Preferably,.the .
ClpliPe" Risb fooBLorl chisBoreBliel bl ot bbbl

in the imge, the 15 col our |evel values having a
certaﬂthTgt@WBm@ion within a predeterm ned range of
di screte colour levels, and, the at |east one
Sereict eri stic of the contone inmmge data relates to
said certain distribution. Preferably, the primary
di t heLa$ thexndadsum numitge oollistréfead il teveRl i Sopaimdstigdetion of the
secondary 20 dither matrix has a conpressed range of

bOO8SI6 kRl BEthelBhtohS MRS BENis URridARd0! our | evel
val ues of the contone inmage data during halftoning. In

a furthee . , t .
char aspy B SuBbF aBP o gt o BRTeuE e rripg botigm-most
t he, mi ni_ rum nunber. of copti guous di screte cpl our

hi bR BRI e a8lyeS A P g Bl bt t he

pi xel s, divided by the total nunber of levels in the

pr ed eleplAf ﬂ@doﬁahwggbqgof@webg@ thegprgesaf discrete colour levels.

PCT/ AU2006/ 000975 9 discrete colour levels. In sone

enbodi nents, the predeterm ned portion of the pixels

is greater than 90% Optionally, the at |east one

OhthegCingiddsmentts, It flpadloét@otthn My beths hilinskt 3% BF tHertolduir level
5 (Lmax - L=)/1-total

values of the contone image data. Likewise, the bottom-most portion may be the lowest

5% of the colour level values of the contone image data. In a less aggressive enhancement,

the top and bottom-most portions may be 1%.

In preferred embodiments, the threshold values in the compressed range in the secondary
matrix are determined in accordance with the following algorithm:

Thew = Limin + Totd-(Lmax — Limin)/Liotal
where:

Thew 15 the compressed threshold values in the secondary dither matrix; and,

Toua is the threshold value in the primary dither matrix.
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Where: Lmax i s the maxi mum nunber of discrete col our
levels if a top-nost portion of the colour |evel

we 2008086160f t he contone inmage data is di sregar ded/ALRg06/000975

is the m ni mum nunber of discrete colour |evels that
contain a bottomnost 10 nunbdr of the col our |evel
Optieredlypdt 1¢dsesamond e thireshobisdatie; prindy dithet@htrixsré he whole
total nunber of levels in the range of discrete col our

heNedrS and the Chb@pRsSMABLREIA Walued BAhE SROIBSY nRRfik hRTofiRIEd or
be the highest 5% of the colour |level values of the

S AP A AR e o
e ] ' | . [
R e el R hint Bee S HE AL B0 i A Trsrb brephold

% In preferred epbodi nents, the threshold values in
Y%%es@&ﬁ%rrlgéléeeWCP% dithermpadriz é(%?ﬁ’&?éln}‘mbﬁﬁ?ﬁtilmesa the greater number
determ ned in accordance with the follow ng al gorithm
dngrapvweximately equRd il desviilomax-Lina) miultiplistl dly theywedeterntinedwumber
is the conpressed threshold values in the secondary
absodigted withrthethreshdld vahes @f tie gringart Magsh @r dnkedreo fitwo colliding
the primary dither matrix. WO 2008/ 006131

RkeEhNU2ARRE BOROHR prikfhrFRlat-B0 Mlat ¥orr&boh®®Sthe %Qxﬂ?re@gedttﬁh%shold.
thresholds in the prinmary dither matrix are not whol e
nunbers and the conpressed threshold values in the
secondary matrix are rounded or truncated to the

ear est ole numbers..|n other tions, the, threshal
BEPIE ol SrRSTRENS bt ol H ol€rerhiles p poion Of e pixels of the
predet.er m ned nunber, of tinmes and the conpressed
qotQneriprage daty i deternype lmin @R Lhe- secondary dit her

matrix a greater nunber of tinmes, the greater nunber

bei ng approxi mately equal to Ltocal/(Lm,, L,,,;,)

mul tiplied by the predeterm ned nunber associ ated
@ptidnalliietht boleshielels valusesreah eidh€ bR bidiRy MurfiBérdudh that there are 256
only one of two colliding

(2% levels in the range of discrete colour levels. Optionally, the dither matrix is 64 x 64

and the threshold levels range from 1 to 255 prior to compression.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of example only, with reference to the

preferred embodiments shown in the accompanying drawings in which:

Figure 1 shows a print engine pipeline in accordance with the present invention;
Figure 2 shows a dither matrix partially completed with threshold values;

Figure 3 shows a histogram of the image data for one of the colour channels;
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threshol d values fromthe primary matrix, that

correspond to the conpressed threshold. 10 In sone
w@e@Beodied enbodi ments the processor only sanpP@EAH2006/000975

portion of the pixels of the contone inmage data to

determine Lm,, and Lmax. Qptibhally, the col our

Fzvued 4 shwedsuths histozram of Figiatre b expant exdtoyenhrindecio] ai contidsgt

there are 256 (28) levels in the range of discrete

gﬁ,}u@eus shweths dithRtoh QAR Mith coitiesdbd HREshBRL Values ic§lcgléfse>él to two

15 and the threshold | evels range from1 to

W%CBEO essi on. BRI EF DESCRI PTI ON OF THE
0 e invention will now be described, by

of .exanpl e. onl W t.h referen t he referred
Rl TR R et W BRRERE Pty Bl Sinitod 1 the nearest
whi ch: Figure 1 shows a print engine pipeline in
HEele e with t he present invention; Figure 2 shows
a dither matrix partially conpleted with threshold
val ues; 25 Figure 3 shows a histogram of the inmage
data for one of the col our channels; WO 2008/ 006131
PETAAUEDOBESCRYYBIONL OFF B PR EF ERREB EMBODISIBNIrSam of
Fi gure 3 expanded to enhance col our contrast; Figure
5 shows the dither matrix wth conpressed threshold
val ues calculated to two deciml places; and, Figure

R ] lﬂ?‘g% ?atlagér{)ﬁgé {oi tHe M\}eﬁtich% %éﬁ%?aﬁ)g lﬁg@?eﬁ‘? Hzgledrecently been

val ues roun near est

TAl L SCRL .PTI ON . HE PREFERRED EMBCDI IVENTS
L RET TR VIO L OFRToL R ARGy Brinted the captured
phot ograph printers have recently been 10 devel oped )
1pages.d SRy gecspeqisd tgiprint thedmgpesalviddyardwith ghotographic quality.
automatically printed the captured inmges. They are
Ewlearmetk, these piinterstwidl aniwagffer mpdinadatary amegentrthiancement options, if any
phot ographic quality. Furthernore, these printers
wi dll. Wekythef et nidtd icomplea fithaid@than et o€ fRAtphofisivdlldownload
if any at all. Users that want nore conpl ex inmage

£RRIAAEETE WesiQ@bpd 8hgto Al Raninihte FRUA RRPhotoShop™ or similar

software (note that PhotoShop is a trademark of Adobe Systems Inc).

As the present invention offers basic image enhancement with computational efficiency, it
is well suited to photo printers. In light of this, it will be described with specific reference
to this application. However, skilled workers will readily appreciate that the invention is

not limited to photo printers and is suitable for a wide range of applications.

Figure 1 shows a print engine pipeline for the image data from the camera 1 to the
printhead 13. When the camera docks with the printer, the images are downloaded to the
print engine controller (PEC) 2 as EXIF (exchangeable image file data) JPEG (joint

photographic expert group) files in sSYCC colour space (or standard YCC colour space).
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the i mages to desktops or | aptops and mani pul ate them
W th Phot oShopTM or simlar 15 software (note that

webwBo®hep i s a trademark of Adobe Systens | nchCT/AB2006/€00975

present invention offers basic imge enhancenent wth

conput ational efficiency, it 1% well suited to photo

Phé REErsdecbmptdsgstth®imdges withiatconionk dbeddeasit (GPU) Bi tthe image is
specific reference to this application. However,

i lhie8d, WY bSWSsalpldd 4 RagisldkcsRAr €ci ate that the

invention is 20 not limted to photo printers and is
suitable for a wide range of applications. Figure 1

shows a print engine pipeline for the inmage data from

he canera 1.to t th anera . .\
BB e iR sttt Mrd Pigie OBl bodien avgiable,itis
the _print engine controller (PEC) 2 as EXIF

raixedantheainrecd teshe spacific EMtagolowsenqy befihe pgnthead 13.

phot ogr aphi c expert group) files in sYCC col our space

(or standard YCC col our space). WO 2008/ 006131

PCT/ AU2006/ 000975 12 The PEC 2 deconpresses the

OrBgthe datalib irathe @NIYNPacte 8RAEC Rdad cdlldtmage stakistidy@nd build a
imge is too large 4, it is dowsanpled 5 as it is

BRERARSS. ASe Eggiogiﬁg gk‘ gﬂ\ii&e@t Etl%ﬁ’é@ 139615}281‘&%1%&%3‘9%6

coding unit) e,
1%1?1%1% hoéfgg L&'gentc%qotsé%?kﬁ 0&819 ]tegylh( Sd:nl%e %hl?t%%@ens F%19 t%le til?lﬁ%e are known,
{he e RAHBIOETHE CXBTRLRCRD A OFETHASE LE3CHa bp fane in any number of

i nvol ves buil ding a histogramof the nunber of
veruadanedsrtisulas segthedby sl be disesseddelow with rpfesaneg taaigures 3 and 4.
for the imge are known, 10 the degree of histogram

expansi on can be determ' ned. This can be done in any

nunber of ways and one particular nethod will be

Hipendipatle btoptamirdduireeh&lr 8RGENIMA afill Sihiasins célﬁdr Kvels to be
Expandi ng the histogram requires new maxi hum and

4 SnTHER ? ?’t is, aeﬁ{ﬁl!uﬁuﬁlge\té? mee ngﬁ{jedgmdgﬁ‘ﬁ%: %?o f\ll levels

m

m ni num eterm ne rrappe

% Y& S% émd E‘%\éﬁ’e Sodlg?@je a@d L eéf“f‘ﬁa maﬁg e{rﬂlged and mapped to the
hest | | | f th |

F’ég%ﬁ% 2013?112 eglejli)‘fa%ueq‘]v elfﬁﬁ\é??@hjpelﬁﬁgt 4 |C§)}(fg1§ evels alre 8 bltenu&%egsuthe highest

1s 255. Every level between Ly, and 255 is also mapped to 255.

However, as the present invention manipulates the dither matrix to enhance the image
rather than the colour levels in the image data, the only characteristic of the histogram that
the PEC 2 needs is the degree of histogram expansion that would be caused by the Ly, and
Linax determined by the chosen method. There is no need to map any of the colour levels in

the image data to new levels.
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Is 255. Every level between Lmax and 255 is al so

mapped to 255. However, as the present invention
woreuspediat es the dither matri x to enhance the POEYB2@6/000975

rather than the colour levels in the imge data, the

only characteristic of the hi43ogramthat the PEC 2

THe @skSodramtid exhaasEsy @ fachirsif 055/8y. e RansHercet thatcomespodding

be caused by the Lm and Lm determ ned by the chosen

cpﬁ%)ﬁﬁ{ggon E?ﬁfe@aﬁ% JFREESAd VAuBRR (RO Yitkdr nhdtx @O0t by:

eve WO

s in the Tmage data to new | evel s.

2008/,006131 PCT/ 006/ 0 5 13 The hi ramis
expand&d ?mgpﬂﬁgyéﬁ_ggmgggg(Lnax Lm) . A%%@-, t he
corresponding conpression of the range of threshold

fifes in the dither matrix is given by: Tnew = Lnmin +
Tol d. (Lmax - Lam)/ 255 g&é%f Were: 5 Tnew is the
conprkssiédhe ¢amenshesed thresh@ld; andl d i s the ori gi na
threshold value. If the dither matrix size is 64 x 64,
t hen Tpripthessigigl thireshoht edbo! d val ues invol ves the
mani pul ati on of about 4kB of data, whereas the
equi val ent expansion of the input colour 10 levels is
a mani pul ati on of about 10MB of data, or possibly nore

%& CRFlePGhadk i7REY4EGO kit BRhpr&RRIES SirdtoldRalubs ih@lves the

rtx 1s nore conputationally efficient than
expandj.n e | e-data b - inout col
RamAnaeeo! ek TR SRl E it itlon gf the imput colour
bet ween docki ng the cangr rinti t he . .
\eenlh G bbozOYR et ot PessTily HSFedcosiipggn imae
i mage enhance techni ques via the dither nmatrix égi | e
wolition. cpempieasing therdither metsixds moue aempralionally effigient faan
than perform ng equival ent techniques on the input
ehajanding rcimaizh damdypeessirtdets phiemagnitde. T hintanedamatielly reduce
been cal cul ated 10, the CWY col our values determ ned

Ay &Rt ed dddimgihé Bimenahd pripiifeihidewnivadingdmpgessdnd it also
di'rectly with the conpressed threshold val ues of the

915&»&%0&%5{&& Thdpk QG Re FechRightLRE thd@bRr RlatrdatAile still remaining

far less computationally intensive than performing equivalent techniques on the input data.

Once the compressed dither matrix values have been calculated 10, the CMY colour values
determined at stage 7 of the print engine pipeline, are compared directly with the
compressed threshold values of the dither matrix to produce a halftone image of each
colour channel 11. It will be appreciated that the same matrix can be used for each
channel, or separate dither matrices derived from respective histograms could be used for

each colour channel.

The halftoned images are sent to the printhead 13 for printing 12 to complete the pipeline.



10

15

20

25

20 col our channel 11. It will be appreciated that the
sane matrix can be used for each channel, or separate

walrdokmoc1srt ri ces derived fromrespective hi st ORCEAB2006/000975

could be used for each col our channel. The hali oned

I mges are sent to the printhebd 13 for printing 12 to

Bigurd Bileovisim axbigld ofe. 64 BE6AMEX2P aitD0 68 kimplicity, 1t is only partially
PCT/ AU2006/ 000975 14 Figure 2 shows an exanpl e of

i ]?Ete@ 4yitH the %{n BR¥ frr&shofd¥atsds MR the 'tﬁr%sho d vdlﬁesoagé ¥ b1t

tally conpl eted with the range o res
c?%#?péogsor%& g%laé?ﬁoéﬁ‘ )RR SRl el 285 dusahgtd evels
t hresh Leshol evel s ear in the
PR 1 L At OO OpEE A AR ahoaihit e LR § PHBGUE threshold
particular threshold 5 occurs depends on the
eeraFndapepdssan the chgragteristiss phibs @siathead andithegimmte achieve a perceptually
achi eve a perceptually uniform col our space. As
difgrosedourabacee, the dither matrix is repeatedly tiled
across the contone i mage and the separate col our
| evel s for pixel are conpared to a correspondi ng
threshold in the dither 10 matrix. If the col our

h@ \fl?écu%é& Q&Q}% e Qith & BERlidlre 85519&? I eﬂ:ﬁ@s@ tl‘[ﬂé ddntdtleGilage and the

drop (of that particular colour ocati on,
th th h Id d .
oot T oA S R e haf Rl in e i
e Por Kol GETBbroens BoreHels fré@n“e”°¥itvﬂg cject 2 drop (of that

hal ft oned i mage. 15 Referring nowto Figure 4, the

2 T %ﬂiwrbat thefgaeationsand ifiaslepsthen timgreﬁhﬁldJ nogdrgp is ejected.
Lmax can be derived in any nunber of ways. For

Breaupé the eyapatialipgesagisithe coddurhavdeesngtisgethedtigh frepehcy

0, or a pixel at level 256. In this case, Lin and Lax
GidRreHcoPbtwbe thh GotbBhRSigeand thd IBSIedGRlagslr | evel s

sanpl ed. However, this does not take into account the

t endency for the hi ghest and | owest sanpl ed col our

| evel s to be outliers fromthe histogramdistribution.

ﬁg’fg ﬁrp%c ﬁdw ﬁosgg%rgg‘r;#} Ilﬁgtﬁ AR ﬂ;g‘gw&gand Ldr%xis lé!ﬁ(yvgrll.l ]Y,mm and L. can

be derived in any number of ways. For example, many images will not have a pixel at

level 0, or a pixel at level 256. In this case, Ly and L.y can simply be the highest and
lowest colour levels sampled. However, this does not take into account the tendency for
the highest and lowest sampled colour levels to be outliers from the histogram distribution.
Hence, using outliers as Lyin and L,y usually means the histogram is not expanded as

much as it should.

A better approach is to select a portion of the pixels at either end of the histogram and set
the highest of the low end portion to be L, and the lowest of the high end portion to be

Lmax. Some experimentation may be required to optimize for each print engine pipeline,
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much as it should. A better approach is to select a

portion of the pixels at either end of the histogram
w@nwssati3l t he hi ghest of the | ow end portion tBCTA&U2006/000975

Lm,,, and the | owest of the high end portion to be

25 L. Sone experinentation maylsbe required to optimze

B tal@RE thePop Aid BABINNE/296 P& dppoxidideBI0NSY.H 0Hth3 histogram will usually
PCT/ AU2006/ 000975 15 but taking the top and bottom

;Jdcgéﬁ fépan (G Hpatﬁérxv&dé%mfofmesam i?oclgé @ewﬂm'm and 0.4% of

usual ccount for any outliers. er words,

1:?164% 0lfes grl?ﬁeabo les RIS a?ﬁleoagﬂvlsl'hkegp‘% p% f{ QfsPaﬂ}hl?etter results than

sarrp s are above*Lm.

$ vkéual |y %e}‘Fg %\EQ/‘&‘?VSG%: 1% s S&gﬁtﬁ qng)nﬁataémna intensive.

corrput atl onally intensive. 5 There is aI so a risk of
selpram B slonl aNer exnpign YMﬁpargentﬁgq)ﬁﬁmﬁhe topysng hgttom of

botton1of t he hi stogram Too nuch expansi on can

thathistelram. Topinbloh exparisinur dangntroduee e@ible tontbtringain areas of with a

ranped col our gradient (because of the |arge col our

fiie@ CENGE SralRhV@RbavRE bRERNArgd béﬂ@hﬁdlfﬁfén@és RX¥PEISAdPatknt pixels
To guard against this, the processor mght inpose a

%ﬁ?{' Qgéps%nz‘lo"f‘@ §rd a éﬁé’tntﬂsoﬁe }&GQ&‘P ‘f-‘m%h Hsdalhali@Mn allowable
een sanpl es . are
rr}%p ed to O, and any sanpl e at erax or nore are mapped
" As shown in Figure 5, the remai nder of the
hi stogramis then expanded between 0 and 255. There
are spikes at 0 and 256 because they now contain all
the original Lm and Lmax sanples, as well as the 15
out | i ©nee Lidoaed/brax hove lseensiemmedkmwamplds@vémﬂnybelow are
detrinmental effect on inmage quality. Traditionally,
agaddg Vaancxpesasipbinatiag, deaeoredonmappddiot?lys. As\skdbwn in Figure 5,
mappi ng function given by: L new = 256.(Lold -
the rémdih i Pt d MiktoBranEitkan Paddidhebwamto a1 ¥93ulITtheReare spikes at 0

applied to the input levels to determ ne the expanded
érﬁvﬁ@necﬁl!&% they now contain all the original Ly, and Ly, samples, as well as the

outliers. However, this is not likely to have any detrimental effect on image quality.
Traditionally, histrogram expansion has been done with the level mapping function given
by:

L new — 256-(Lold - len)/ (Lmax'me) EQ(Z)

This function would be applied to the input levels to determine the expanded levels, the
expanded levels then compared to the threshold values of the dither matrix. Therefore, it is
equivalent and computationally easier to compress the range of threshold values by the
inverse of the expansion that would otherwise be performed on the histogram. The
algorithm for mapping each of the original threshold values to new threshold values is

given by equation 1 discussed above.
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expanded | evel s then conpared to the threshold val ues
of the dither matrix. Therefore, it is equivalent and

w@eoopo@Esi onal |y easier to conpress the range BET/AU2006/000975

t hreshol d values by the inverse of the expansion that
woul d ot herwi se be perfornmed ok t he histogram The

al gorithm for mappi ng each of the original threshold
val ues to new threshold values is 25 given by equation

Fl 15T HRoWRAhSBRNG mahk 39@%&%3&& @%W@%@dﬁ@@%ﬁﬁ equation 1.

Figure 5 shows the dither matrix of Figure 2

gﬁ A ung{,j ﬂ}encuuﬁ wbsg@{ﬂl&:&hw t\% Er eskﬂ?r %hd d or truncal ’&ed to whole

e conpresse ues nmus

r ncated to nunber e. hardwar e
i s B maldithistring P GebSing 19ORss fo G aioimgte: comparison.
conparison. 5 Hence the threshold val ues of Figure 2
Heecerthe Huesholdovaliss of Frmireh atedonngdasie siverthe Molpsunhes itiesholds
in Figure 6. Manipulating the input |levels via the
ghomein Higtrei6x al so presents an opportunity to inprove
the i mage enhancenent beyond that offered by histogram
expansi on. 10 During hi stogram expansi on, napping the
oId | evel s to new | evel s via equation 2 involves

A g 3 itngﬁt 186U VRVRE Site 8thtliPakRE Rfe@&ﬁg &h o or%unitﬁ to improve

(because of the printer hardware)

?ﬁéﬁﬁﬁs‘ﬁl&h%%%ﬁ%'@?gla%?%?%’e@%%ée LRt '@225' i

the histogram The col our difference between sanpl es

on 15 either side of a gap is greater than the

di fference between the sane sanples in the unexpanded

Rrgng bistagrant geraasioncmappiagl theslld lavelgite hew deelssvia pquation@ involves
likely to produce visible contouring in the printed

Towadiag ak ileawivsleyels aeatttiorbg ittegers (havaadeiaf¢hle priveter hardware). Hence,
conpressed threshold values in the dither matrix 20

SorES €he velsGh tHel‘@glptaﬂfded&ii@d) demttave ab katples Eothe@X AENMBwn in
the shaded thresholds in the conpressed matrix of

Fioft¥ £ tfes8 b ﬁpé&?% SaRfin BRYAL o YAV BT KR YifrdrBife between samples on

corresponl

i

either side of a gap is greater than the difference between the same samples in the
unexpanded histogram. These increased colour differences are more likely to produce

visible contouring in the printed image.

Likewise, rounding (or truncating) the compressed threshold values in the dither matrix
causes some of the thresholds to collide. For example, the shaded thresholds in the
compressed matrix of Figure 6 are pairs of equal value whereaé, the corresponding
threshold in the original matrix (see Figure 2) were not equal. Consequently, the number
of dots added when moving from one tone level to the next will not be smooth. Again, this

increases the risk of visible contouring in the printed image.
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threshold in the original matrix (see Figure 2) were
not equal . Consequently, the nunber of dots added

wob@s/omasi ng from one tone |level to the next wWdT/AnRM06/000975

be snmooth. Again, this increases the risk of visible
contouring in the printed i magk7 25 WD 2008/ 006131 R
PoTeasiuz0he ekt ofiffe dithar esediin (thithe wimgytiteslidld yalaés greater than 8

the dither matrix (that is, using threshold val ues

biteatvenldtdvatd @lligddrisshd swouthdoud vIRd kst b 8619 R8deNE the halftone
snmoot h out the nunber of dots added to the hal ftone

; . ) . t :
HBESw Eibh%ﬁﬁibqﬁé&ﬁﬁ@rﬂ:‘l@%l. RS F’e‘?}k in gﬁgﬁlﬁgé}@, r;tg% g?n)%panson of

in nost printers, the conparison o

i I ' . hard f ' .
oA A %y G T s
' I Al ti , th ft
B e e SRR W ol T SR

granularity for a perceptually snmooth transition
between tone levels. This will effectively add sub-
| evel s to each threshold so any collisions wll
Bdtemativelp, thebofieare|can savdnstnesihg weiginay ditikr inteik wiea Kigher granularity
fewer dots. The problem of threshold collision and the
sorlalfer@ptuafly bing bertraakidioH bafwded teHedevdls. UBhiE ¥l dfftdivelyRId sub-
tables below. Firstly, Table 1 shows the nunber of
levER S0 SMRIcI S BOLLY ¥ail; | DRV Ak b

® o AL SRR Pl AL sty

matri x and the conpriesse

Hﬁ%h%Q%@?%%FﬂﬁQts 15 so each of the 1 to 255 origina
thr q val ug

eshol e€s will occur 4096/ 255, or about 16
times in the original matrix. Wien the matrix is
conpressed, roundi ng causes sone of the original
thresholds to map to the same conpressed threshol d.
Thepwbles) of thrashold ispRisionl and thepyedetion3sf highemgsnitharitshare illustrated in
conpressed matrix (e.g. conpressed threshold 38 in
thiegahles 18)aw.SBirsthe Tabletieshows thedninsber dd eithewh@nie thpsshold values appear
fromtone level 37 to 38, wll be twice that of noving
B8he origiflal matix@hd e donpidssed @RS ITIR 446Y SASEHIK Hﬁ% ?095 elements

visually perceptible contouring. Oiginal Thresho

& LEMESSto!23 5 CeiER P AR &H ol ds §I1f %%cﬁrrll096/255, or about 16 times in

the original matrix. When the matrix is compressed, rounding causes some of the original

thresholds to map to the same compressed threshold. These colliding thresholds appear 32
times in the compressed matrix (e.g. compressed threshold 38 in Figure 6). So the number
of dots added when moving from tone level 37 to 38, will be twice that of moving 38 to 39,

or 36 to 37. Hence the increased risk of visually perceptible contouring.

Original Threshold | Occurrences in Compressed Occurrences in
Original Matrix Threshold Compressed Matrix
(Rounded)
34 16 46 16
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Oiginal Matrix Threshol d Conpressed Matrix (Rounded)
34 16 46 16 WD 2008/ 006131 PCT/ AU2006/ 000975 18 35

wdaegoo8@ocis1 47 32 37 16 48 16 38 16 49 16 39 HEI/A020D6/000975

50 32 Table 1: Inconsistent Occurrences of Conpressed
Threshol ds because of Thresholt8 Collision 5 For the

psir poses of thijdeexanple, we Wl assune the
threshol ds in the conpressed nmatrix should ogcur 21

ggNMES each (409gk(Lmax-Tmn) =| 24. 005 - so ong 3y
t hreshol d woul d occur 22 tinmes) for l|least rigk of

é?bi bte—contour S6 By adding—grangtartty—to—thq
iginal matrix, ~ the occurren:%g of the corrpre@sed
thresholds—canbermpre uniform For exanple ilf the

LS A~

8%i gi nal threshdPd val ues are 1%%bit (or ratherl6g. 2
bit) the original matrix essentially gains 10 extra

BBreshol d | evel{d6 Table 2 sets|out the finer drained
original thresholds and the snpothing effect this has

a0 the conpresqad matrix. Oig|p@l Threshold |32
Cccurrences in |[Conpressed Cccufrences in Oiginal

VRtTi X Thresnhol d Conmpressed VatTi X ( Rounded)—35. 004
47 20 35.25 4 47

Table 1: Inconsistent Occurrences of Compressed Thresholds because of Threshold

Collision

For the purposes of this example, we will assume the thresholds in the compressed matrix
should occur 21 times each (4096/(Lmax-Lmin) = 21.005 - so one threshold would occur
22 times) for least risk of visible contours. By adding granularity to the original matrix,
the occurrences of the compressed thresholds can be more uniform. For ex@ple, if the
original threshold values are 12 bit (or rather 8.2 bit) the original matrix essentially gains
extra threshold levels. Table 2 sets out the finer grained original thresholds and the

smoothing effect this has on the compressed matrix.

Original Threshold | Occurrences in Compressed Occurrences in
Original Matrix Threshold Compressed Matrix
(Rounded)
35.00 4 47 20
35.25 4 47
35.50 4 47
35.75 4 47




35.50 4 47 35.75 4 47 WD 2008/ 006131
PCT/ AU2006/ 000975 19 36.00 4 47 36.25 4 48 20 36.50
W 2008/08433175 4 48 37.00 4 48 37.25 4 48 37. 50P@I/AD2(16/000975
37.75 4 49 38.00 4 49 38.25 4 49 38.50 4 49 38.75 4
50 24 39.00 4 50 39.25 4 50 19.50 4 50 39.75 4 50

46000 4 50 Wth4the increased [gAanularity, thére are
smal | er inconsijstencies in the nunber of tines the
§EPpr essed tnhresnol ds appear 1yghe final marrhy. VDSt
conpressed threshol ds occur 200 tines with about a
grarter—appeartfg 24t nes: %We—nﬁw—nq from one
%ﬁg level to 5 the next is s her and there¢ is far
| ess i kelihood of any visible contouring-

36.75 4

37.00 4 48

37.25 4 48

37.50 4 49 20

37.75 4 49

38.00 4 49

38.25 4 49

38.50 4 49

38.75 4 50 24

39.00 4 50

39.25 4 50

39.50 4 50

39.75 4 50

40.00 4 50

With the increased granularity, there are smaller inconsistencies in the number of times the
compressed thresholds appear in the final matrix. Most compressed thresholds occur 20
times with about a quarter appearing 24 times. Therefore, moving from one tone level to

the next is smoother and there is far less likelihood of any visible contouring.

Instead of increasing the granularity of the original matrix, it may be simpler to multiply

the number of times each threshold appears in the original matrix by the inverse of the
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I nstead of increasing the granularity of the origina
matrix, it may be sinpler to multiply the nunber of

wa pewemoaach t hreshol d appears in the origi nal P&EI/AU2006900975

the inverse of the WD 2008/ 006131 PCT/ AU2006/ 000975
20 conpression to deternine tH® nunber of tines the
conpessaad deteraiteche nappaafsinies thdempressad thradhol&appears in the
Referring again to the above exanple, the inverse of

HRE neR Rkl dchin #3RL bboRexampl¥] the)inverse i3 kBe cdrhipr@dion is

original threshold occurred 16 tinmes in the matri X,

S0P P2 1% PR B 50l i 35,
s M T R R e

one of the orjiginal thresholds should be used to
deedr Rirourssyif Twe agiginphibresholds argpoHiding# a single pesppressed threshold,
occurs. Enhancing the inmage by mani pul ati ng the dither
thetoccwraneanat dofaongeti the prigigal thregkold§ skt betseddo detarniige how
reasonably heavily optim zed because the inpact of
Baaytines tHeycohfpserssd Mifeshbldectimgal matri x (and therefore
the printed image) is relatively mnor. For exanple,
in sonme applications, the histogram need not have 256
levels. 64 levels (6 bit) may be adequate. Wen

' ' ISt . g1 0] .
it S nf Bt RSBl P e PR EEF R E it mage
little as, 1 in 256 pixels n W t hi n, accept. abl o
Yatghes o ‘P%’ieés.onfgly é}ﬁl?%%l?tg’ﬁ:allzﬁ‘fg‘?f’&“iea © JReRdt 8% grandlarity issues on
{oorti ons of the inmage that can no | onger have any i
epftrel maisix. (87 srRioRGhAPEDIG i) b {0 FlMInARyF Sexample, in
i gnored. Likew se, reasonable results may be obtained
ymcappbicstiony, the histegramgeednat have 25t favalsd 6ddeviets(hbitainag be
fromeach col our point, rather than each of the
hdwdtirte d Wetlen GV din@l tHE Bistofkdm i@ 8§ n6Phd MBceRbiyaB Tol &t ¥htistics for

reduce the processing burden on the PEC, and so

to

O PR i s RN i A e i AR Pt crors.
gﬁ'lrgfel g%.\i’%\l?l}{g f %}i%@ T]EJ@SBO :olgs'eotﬁﬁlﬁ i}‘ln'%:‘ert %‘trclle(lﬁ 5@ lclgpﬁg% pna!ufc’e any impact
no

ificatjions_ th do not depart fromthe
8 l f t%e la&stogram, may beE,J %11ored. Lrlrl]cevsﬂse, reasonable results may be

€ end points o
obtained by computing or looking up a minimum and maximum value from each colour
point, rather than each of the individual CMY values. All these optimizations serve to

reduce the processing burden on the PEC, and so shorten the time between docking the

camera and printing the images.

The invention has been described here by way of example only. Skilled workers in this
field will readily recognize many variations and modifications that do not depart from the

spirit and scope of the broad inventive concept.
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spirit and scope of the broad inventive concept. 25 WD
2008/ 006131 PCT/ AU2006/ 000975 21 CLAIMS 1. A nethod

w@boosmmilpul at i ng contone i mage data to be hal f PCI&U2006/000975

with a dither matrix, the method conprising:

determining at |east one charaZteristic of the contone
Ciad®iSdata; 5 using the at | east one characteristic to
derive a secondary dither matrix froma predeterm ned

pr i mapYméthédef mﬁﬁgﬁlaﬁn g 80ond@ldek @RHang bk Iﬁ@lfﬁoﬁ@d Wi‘tﬁ a dither matrix,
i mge data with e secondary dither matrix. 2.

@&&% to claim1l wherein the contone | mage
gﬁt a&ﬂas col ou IeveI 10 values for pixels in the

i mage, .t he col eve val ues in a certain

di st r PEERTBREA fﬁ%ﬁ E:’iﬂsfﬁsfté%rﬁ WG BPscret e
col our |evels, and the at, | east one characteristic, of
the BYRE Hiset lsssiguieshrmacteptis iodleriye 3 spepndanyidafhgr matrix from a
distribution. 3. A nethod according to claim2 wherein
predetgrmined prisaryhdithenatatiixg ahds a range of 15 threshol d
val ues and the secondary dither matrix has a

conpr halfisging drg@nenetitags tath dvithvht s@dnday dahefrastHison
to the colour |evel values of the contone inage data
during halftoning. 4. A nethod according to claim?2
wherein the at | east one characteristic reI ated to the

§O c eAtIﬁétﬂo&i Ll(‘?ttol}dl{? ou I V\{ '%Fel %'0'3}1' n%e da?e( has colour level

conti guous dlscre eve S con

redet erm ned partio th i, xe d| Vi ded
PoIRe fop g3 1@@@&&@ poovirsts) V@l B?‘ﬁ%é&eﬁmaﬁ &et@?uﬁon within a
di scr et e colour levels. 5. A nethod accor ding to claim
predpisruingd range pf digercterGalovs devislss and theoat leasbony sharateristic of the
25 greater than 90%
contone image data relates to said certain distribution.

3. A method according to claim 2 wherein the primary dither matrix has a range of
threshold values and the secondary dither matrix has a compressed range of threshold
values for comparison to the colour level values of the contone image data during

halftoning.

4. A method according to claim 2 wherein the at least one characteristic related to the
certain distribution is the minimum number of contiguous discrete colour levels containing
a predetermined portion of the pixels, divided by the total number of levels in the

predetermined range of discrete colour levels.

5. A method according to claim 4 wherein the predetermined portion of the pixels is

greater than 90%.
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WD 2008/ 006131 PCT/ AU2006/ 000975 22 6. A nethod
according to claim2 wherein the at |east one

w@bmsmediar i stic related to the certain distribCk/AT2006/000975

is: (Lmax - Lmin)/Ltotal 5 where: Lmax is the maxi num
nunber of discrete colour levels if a top-npbst portion
of the colour level values of the contone i mage data
is disregarded; L is the m ni mum nunber of discrete

60! oun hemed scdobBhg tPElhidl P vheRM tHRM MASitone '%HﬁFﬁ@c%nEHc related to the
the col our |evel values of the contone inmage dat a;

88hin dRiriuAbRls: 1 s the total nunber of levels in the
range of discrete colour levels. 7. A nethod according
toclgim6 mhﬁ ein the top-nost portion are the

hi ghe aS@bBF e col our | evel values of the contone
[ e data and the bottom nobst portion nmay be the
V’ggést 5% of the col our |evel values of the contone

i mage_data. 15 8. A nethod according to claim?7

wher elnatihiie mpximpe tyotbeo of disereteolauic tavslsdf @ top-issportion of the
the col our |evel values of the contone inmage data. 9.
¢oloet lhval valueoofiha gotitoneimage datank diseégardede t hr eshol d

val ues in the conpressed 20 range in the secondary

mat ri K 2i£the eligiiind 88mbér FEERFARBOBuMet s IHAC cdiR4ih QWoREm-most

algorlthm Tnev,, = Lmn + Told-(Lm - Lmn)/Ltota
I th
R AL AR TS @?Hé? e BT ool o

\F/’?le'y ih&‘gdt%ﬁiﬁ 6%@ mﬁler of evefs ume range o d1¥é?etg 90 %{11‘01%96 51

7. A method according to claim 6 wherein the top-most portion are the highest 5% of
the colour level values of the contone image data and the bottom-most portion may be the

lowest 5% of the colour level values of the contone image data.

8. A method according to claim 7 wherein the top and bottom-most portions are 1% of

the colour level values of the contone image data.

9. A method according to claim 7 wherein the threshold values in the compressed
range in the secondary matrix are determined in accordance with the following algorithm:
Thew = Limin *+ Tod-(Lmax — Limin)/Litotal
where:
Thew 1s the compressed threshold values in the secondary dither matrix; and,

Toiq is the threshold value in the primary dither matrix.
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23 10. A method according to claim9 wherein at | east

sone of the thresholds in the primary dither matrix
ware@snaii3ihol e nunbers and the conpressed thr eB€DAUT2006/000975

values in the secondary matrix are rounded or

truncated to the nearest mholé3nunbers. I n ot her .

10pt i domethotllaecdrtingdh olaitn Pavhesein t teast sometof ghathrashelds in the

dither matrix a predeterm ned nunber of tines 5 and

phieurg aIResaad atdrict Wolchumbareandihe compressdishmssald draluys in the

dither matrix a greater nunber of tines, the greater

sﬁ%qﬁtﬁlﬁg r?%éiﬁ%;@fb@lh&éﬁ Sah@lclted 4/ Ble refrebi Whdlk hitaBerds2M other options,

the predeterm ned nunber associ at ed

Bt e SR e -
3{%;1 k@%&gsrfl@ ﬁfisthlg’% Yﬂ(jﬁ?%oe‘%ﬁrg?l gléet %8%’11?6?36}’ ﬁlglgnf}%‘rhgqﬁlslg% greater number

inkjet printer, the print engine controller i
ofsimssi emeater nymberbeng apRPX Ay ¢awA) tQ bl Fraextlmig giultiplied by
data; menory storing a predeterm ned primary dither .
theprddetermined eimberldssodiged with éls thresheldovaties gt thegrivgary matrix, or
determi ne at | east one characteristic of the contone

diTReRe SRk IMEiAE frir¥soR] Ve Hebad thechrineay niatix, ithatfooomspond to the
the primary dither matrix using the at |east one

i.ski.g; of the contone inage data; such that,
%E‘?@%&‘?%gﬁﬁb%ge data is halftoned with the secondary
dither matrix prior to printing. 20 12. A print
engi ne controller according to claim 11l wherein the
contone jmage data has. col.qur, | evel val.ues for pixgls
Tt hA rivhgRzing Fratioleb o op iyt RPBHbe REDT At selpeplisty
distribution within a predeterm ned range of discrete
cophwising.evel s, and, the at |east one characteristic

of the contone inage data relates to said certain
di st r & prelcessdr for receiving contone image data;

memory storing a predetermined primary dither matrix; wherein,

the processor is configured to determine at least one characteristic of the contone
image data and derive a secondary dither matrix from the primary dither matrix using the
at least one characteristic pf the contone image data; such that,

the contone image data is halftoned with the secondary dither matrix prior to

printing.

12. A print engine controller according to claim 11 wherein the contone image data has
colour level values for pixels in the image, the colour level values having a certain
distribution within a predetermined range of discrete colour levels, and, the at least one

characteristic of the contone image data relates to said certain distribution.
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25 WD 2008/ 006131 PCT/ AU2006/ 000975 24 13. A print
engi ne controller according to claim 12 wherein the

w@eoosmeor3di t her matrix has a range of threshoPdr/xabkowes0097s

and the secondary dither matrix has a conpressed range

of threshold values for conpa?4 son to the col our

ldvel Avaintesgiaé cofteoltep accorting toag@nd 2 wheltéfr theg primary dither matrix
hal ftoning. 5 14. A print engine controller according

héx @faﬁ%@bﬂt%ré@h@l"desjaﬁleﬁ B&d e sk@RBhryQither AR Al doRlpr&ssed range of

related to the certain distribution is the m ninmm
REIRGTq Mluds G0t é&lgiga?ﬁ on f € L&b e l%%l%@e% ﬁf ﬁ‘!e.scon'ione image data during
containing a pre ermned portion o e pixels,

gilg[i ded by the total nunber of levels in the

#EG8Per m ned range of discrete colour levels. 10 15.

A print engine controller according to claim 13

wherein the at | east one characteristic related to

the certain distribution is: (Lmax - Lmn)/Ltotal

Wher e A printlengine icentrdlter pecordingtonclaiet3 whemrtinsthe at keast one
colour levels if a top-nost portion of the col our
Clearadtervsticuelatedfto tHeccetaint disteibutioage tibahiimemdiveiieg af estiguous
Lmin is the mninmmnunber of discrete colour |evels

HRaletec M1 Bvels RIS ID8ddeteAiTRApoR{ont Jﬁh&ﬁilx@l_é! di{vﬁ%& by the total

val ues of the contone i nage data; "and, Ltotal 1s

bk JBBEipdhe hREkAnhgs LhSe bARIGRIG MR FLRLS o0l o

evel's engi ne controller according to
claim15 wherein the top-nost portion are the highest
5% of the col our |evel values of the contone inage

data and t he bottom nost ) . )
A print engine controller according to claim 13 wherein the at least one

characteristic related to the certain distribution is:

(Lmax —~ Lumin)/Ltotal
where:

Linax 1s the maximum number of discrete colour levels if a top-most portion of the
colour level values of the contone image data is disregarded;

Lin is the minimum number of discrete colour levels that contain a bottom-mpst
number of the colour level values of the contone image data; and,

Liotar 1s the total number of levels in the range of discrete colour levels.

16. A print engine controller according to claim 15 wherein the top-most portion are
the highest 5% of the colour level values of the contone image data and the bottom-most

portion are the lowest 5% of the colour level values of the contone image data.
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portion are the | owest 5% of the colour |evel val ues
of the contone i nage data. WO 2008/ 006131

wEANBAMABD6/ 000975 25 17. A print engi ne contPOi/AB2006/000975

according to claim13 wherein the threshold values in

the conpressed range in the $8condary matrix are

get er Aipriatler gin Sl 8NaRoMirdgto tehgmf 16| winskiGhe threshold values in the
algorithm T. = Lmn + Told(Lnmax - Lam/Ltotal 5

é’&?r sed fb‘ﬁge irﬁth%@@co‘hﬁ Han% drd (G in Wbt sndeRvitt @e following
se onéary Ither matriX; and, Told is the threshold

a\éal L,J[ﬁl&i,n the primary dither matrix. 18. A print engine
US| er accordi ng to claim13 wherein at | east sone

of the 1Q threshglds in the primary dither matrix are

not ﬁﬁ@*?gﬂmﬁbgwsIawd‘@hbykwﬁpressed t hreshol d val ues

in the secondary matrix are rounded or truncated to
vhaenear est whol e nunbers. 19. A print engine ‘
control l er according to claim15 wherein the threshold
val ueB,pixcdhe corhpresseditheshprd naings idithdgrconddry dither matrix; and,
predet erm ned nunber of tinmes and the conpressed

t hr esnglid thahtBBolaGaHE ih thelfiEn&9dRnReanMridi t her matrix

a greater nunber of times, the greater nunber being
approximately equal to Ltotai/(Lmax Lanm) nultiplied by
the predeterm ned nunber associated with the

reshol d, val.ues of .the primary.matsfj x, or ly, one
o Barin tisine Sabielb R o R Fha i ATl Wi Fine
matri x, .that correspond to the ¢ ressed 20
fhrgsheldy fnythe pymary slftﬁeﬁtmféﬁ@ afsaot SO IGT s e cprgPiegsed
claim 15 wherein the processor only sanples a portion
thieshold vplues irsthefsecdndaryonatonare regndedderttaincated éa Bemeprsst whole
Lm n and Lmax.
numbers.

19. A print engine controller according to claim 15 wherein the threshold values occur
in the primary dither matrix a predetermined number of times and the compressed
thresilold values occur in the secondary dither matrix a greater number of times, the greater
number being approximately equal to Liotat/(Lmax-Lmin) multiplied by the predetermined
number associated with the threshold values of the primary matrix, or only one of two
colliding threshold values from the primary matrix, that correspond to the compressed

threshold.

20. A print engine controller according to claim 15 wherein the processor only samples

a portion of the pixels of the contone image data to determine L, and Lipax.



