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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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rotation and halftoning to convert the colour values into dots. These tasks are briefly

explained below.

Colour can be specified using three independent variables. The variables are essentially
coordinates in a colour space. The same colour can be specified in different colour spaces
using different variables. Each colour space has a particular use or application. RGB (red,
green, blue) is the natural colour space for devices that emit light such as television screens
or computer monitors. CMY (cyan, magenta, yellow) is the natural colour space for
devices that display images with reflected light such as printed images from a printer.
YCrCp (luminance, chrominance red, chrominance blue) separates the luminance from the
chrominance (usually abbreviated to ‘chroma’) channels for more convenient data
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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and the separate colour channels are halfioned with a dither matrix. Halftoning exploits
the eye’s perception of a spatial average of printed dots to reproduce contone (continuous
tone) images. Inkjet printers can either print a dot at any one of the addressable locations
on the media, or not. However, dots dispersed over area of white (say) paper, will appear

to eye as a contone shade somewhere between white and the dot colour, depending on the

number of dots.

The dither matrix covers a small area of the image at a time. The matrix has a range of
threshold values dispersed throughout its sites. The contone colour levels for each pixel
are compared to the spatially corresponding threshold values within the matrix. Ifthe
contone level exceeds the threshold value, a dot of that colour is printed (or equivalently, a
dot is printed if the contone level is greater than or equal to the threshold, or less than, or
less than or equal to the threshold value). This will produce many micro-differences
between the contone and halftone image, but the eye is largely insensitive to 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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However, 1? downloaded directly from a camera to a photo printer, the user does not have

an opportunity to manually enhance and view the images prior to printing. Even so, it is

possible to incorporate some relatively basic image enhancement into the printer that can

be automatically and uniformly applied to the images prior to printing.

One common and relatively basic image enhancement technique is histogram expansion.

It improves the colour contrast by expanding the range of colours present in the raw image

data so that it is more evenly spread across the entire range of available colours. To do

this, it is necessary to collect image statistics and build histograms for each colour channel.

This involves the collection of the three colour levels for each pixel and recording the

number of pixels that fall into a range of discrete colour level intervals to build the

histograms. Usually the original image will have histograms with at least one sparsely

populated region. By re-assigning all the pixels in the sparsely populated region into one

of the colour levels, the rest of the histogram can expand into the vacated region.

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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computationally intensive image enhancement is counter to quickly initiating the printing

of downloaded photos.

SUMMARY OF THE INVENTION

According to a first aspect, the present invention provides a method of manipulating

contone image data to be halftoned with a dither matrix, the method comprising:

determining at least one characteristic of the contone image data;

using the at least one characteristic to derive a secondary dither matrix from a

predetermined primary dither matrix; and,

halftoning the contone image data with the sedondary dither matrix.

Manipulating the dither matrix can be equivalent to performing image enhancement

manipulations to the input image data. However, it far less computationally intensive to

manipulate the dither matrix instead 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 co)mparison, 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



10

15

20

11/ 003786 11/003616
11/ 003404 11/003419
11/ 003615 11/003337
11/003699 11/071473

WO 28481 11/ 003702

11/ 293800 11/293802

11/003418
11/ 003700
11/ 003698
11/ 003463
11/ 003684
11/ 293801

11/ 003334
11/ 003601
11/ 003420
11/ 003701
11/ 003619

11/ 003600
11/ 003618
6984017

ﬂ; 88%@%32006/000975

11/ 293809

J

il/ 293808

11/ 2 66 6 11%@%7{4}]1191462466@

159

%f)rn PO t%ﬁzig%n,a?myogram
11/ 246670

expansion, while still providing greater computation efficiency.

According to a second aspect, the present invention provides a print engine controller for
an inkjet printer, the print engine controller comprising:

a processor 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 of the contone image data; such that,

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

printing.

Preferably, 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.

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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Optionally, the at least one characteristic related to the certain distribution is:
5 (Linax — Lmin)/Ltotat
Where:
Lpax is the maximum number of discrete colour levels if a top-most portion of the
colour level values of the contone image data is disregarded;
Luin is the minimum number of discrete colour levels that contain a bottom-most
10

number of the colour level values of the contone image data; and,

Liotar is the total number of levels in the range of discrete colour levels.

In these embodiments, the top-most portion may be the highest 5% of the colour level
values of the contone image data. Likewise, the bottom-most portion may be the lowest
15 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:
20 Taew = Lmin + Told-(Lmax — Lmin)/Ltotat
where:
Taew i the compressed threshold values in the secondary dither matrix; and,

Toia is the threshold value in the primary dither matrix.
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numbers and the compressed threshold values in the secondary matrix are rounded or
truncated to the nearest whole numbers. In other options, the threshold values occur in the
primary dither matrix a predetermined number of times and the compressed threshold
values occur in the secondary dither matrix a greater number of times, the greater number
being approximately equal t0 Liota/(Liax-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.

In some preferred embodiments the processor only samples a portion of the pixels of the

contone image data to determine Ly, and L.

Optionally, the colour levels values are an eight bit binary number such that there are 256
(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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1 1%9%6457 s:fx%ws the dither matrix with compressed threshold values calculated to two

decimal places; and,
Figure 6 shows the dither matrix with compressed threshold values rounded to the nearest

whole number.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As discussed in the Background to the Invention, photograph printers have recently beén
developed that dock directly with a digital camera and automatically printed the captured
images. They are expected to print the images quickly and with photographic quality.
Furthermore, these printers will only offer rudimentary image enhancement options, if any
at all. Users that want more complex image enhancement of their photos will download
the images to desktops or laptops and manipulate them with PhotoShop™ 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 sYCC colour space (or standard YCC colour space).
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too large 4, it is downsampled 5 as it is decoded.

As the pixel data from each JPEG MCU (minimum coding unit) becomes available, it is

rotated and converted to the specific CMY colour space 7 of the printhead 13..-

Once the data is in the CMY space, the PEC 2 can collect image statistics and build a
histogram 8. The collection of image statistics involves building a histogram of the
number of occurrences of each color level. Once the histograms for the image are known,
the degree of histogram expansion can be determined. This can be done in any number of

ways and one particular method will be discussed below with reference to Figures 3 and 4.

Expanding the histogram requires new maximum and minimum colour levels to be
determined 9. That is, a minimum level, Ly, is determined and mapped to 0. All levels
between 0 and L, are also mapped to 0. Likewise, Lmax is determined and mapped to the
highest colour level value. For example, if the colour levels are 8 bit numbers, the highest

is 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 Lyin and
Luax 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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Oldiedustoggam is expan Lizx% gl%ﬁgé?éé arresponding
compression of the range of threshold values in the dither matrix is given by:

Taew = Lmin + Totd(Lmax — Lmin)/255 EQ(1)
Where:

Toew is the compressed threshold; and,

T, is the original threshold value.

If the dither matrix size is 64 x 64, then compressing the threshold values involves the
manipulation of about 4kB of data, whereas the equivalent expansion of the input colour
levels is a manipulation of about 10MB of data, or possibly more depending on image
resolution. Compressing the dither matrix is more computationally efficient than
expanding the image data by several orders of magnitude. This can dramatically reduce
any delay between docking the camera and printing the downloading images, and it also
allows more complex image enhance techniques via the dither matrix while still remaining

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

Once the compressed dith_er 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 halfioned images are sent to the printhead 13 for printing 12 to complete the pipeline.
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The di scl osures of these applications and patents are

i ncorporated herein by reference. BACKGROUND OF THE

I NVENTION 5 A mar ket has devel oped for inkjet printers

t hat can dock directly with digital caneras.
“H?%ngpgnare expected to downl oad and print {ﬁgﬁﬁammmwﬁ
phot ogr aphs quickly and with n1n|nun1of user i nput.

ce i i ?’%Hpﬁeﬁaﬁ“‘”’%ﬁg%&ﬁ%aaﬁ%m R
R TTRIERATE s oB Rstisald Tty ADSS B ENSTIvARS st
ok embofoe o Breolrdelch Bt 72 SR | 2y Begtold ovel

convert the colour values into dots. These task

bape iy thematx A spmbeof fimesand fhenympes of B@%@%ﬂ@ﬁe&lﬂeshold
usi ng three independent variables. The variables are
eaosarsdependy o thechiragietistics of the printhrsd andteaim fhachicyep perceptually
col our can be specified in different col our spaces
ugdifegngoloespeer: variabl es. Each col our space has a

- particular use or application. RG (red, green, blue)

is the natural col our space for devices that emt

i ght such as television screens or conmputer nonitors.

CMY disenssat, aboreeg) ehetditheryadttio w)repeatetitydil exbdonosa theaohioue image and the
space for 10 devices that display imges with

r ehhraticetbut iegdls foz pixel as chmparedid o svhgeOndihg treshpldiin therdither
YCRCB (| um nance, chrom nance red, chrom nance bl ue)
sREikATREe tdlGurlevdl BRRER the BRRdIE 8 Pafhdad RER efetttibp fof that
abbreviated to "chroma') channel’s for nore conveni ent

W2 ¥BIo8S 8t BBt 1oEAHORHhd #iCis B Ehal BMtSthicsNG2d, i@ drop is ejected.
['um nance than chroma so any change in chroni nance

dﬁéc‘d{ls?e' tﬂge}fersﬁﬁiaﬁ? Hp&@gé HRToRAE iBdHRS RO the h1 gh frequency

econpressi on W ess 15 noticeable than an

€ eg%kwel;&g&% e lmxg@m hdifibsedTRags both chroma
éﬂg%%%%s can hgag?% onpregsec as [ong as the

| um nance is lightly conpressed. Wth two of the three
channel s heavily conpressed, YCC inmage data is nore

ckbfaPiag Rblcl HRDR £ oo batin B AR A T Lo can
Sﬁﬁ%?‘g%‘%@%? PR s &?ﬁ?ﬁgﬁ%@gﬂ%&aﬁﬁ%“&ﬂ%hﬁvgamd at
geﬁ aI l If‘fﬁ'}ﬁﬁ YOS:‘%% ﬁ"lthljisé’aﬁ‘?u reco é@j?} glﬁ&lé@est and

converted when it _is_output to a screen or rinter
ABy o GeloBnis vels sampled, ey erp Basydpes nottale{ato m&&et fhg tendency for
downl paded to a printer, the data is converted to the

dhe highest andlemesisamplaé eolawrdevelido be putlistsdrampihs @istogfam distribution.
channel s are halftoned with a dither matrix..
Ha¢oee.oninggutliers asiline apd Enayaially pepesdpe histogtm is ngpexpprded as
average of printed dots to reproduce contone
(meshtasitshogldt one) i mages. Inkjet printers can either

print a dot at any one of the addressable |ocations 5

on the nedia, or not. However, dots dispersed over

area of white (say) paper, will appear to eye as a

CA betee apmbadids arkelepcetidiedfitbepixell bf eithanehdtof ehedddtogram and set
col our, depending on the nunber of dots. The dither

B4 hilglest 67186 oovRerfl Pltiontb 88 Lo, dntl€hd 16Wee ofithedigh ¢ift portida to be
matrix has a range of 10 threshold val ues di spersed

xb.,,%] Ut xprifiertitioRSnay Beee @il @SptaRik @bt ch@MPins efge pipeline,
each pixel "are conpared to the spatially correspondi ng
threshold values within the matrix. If the contone

| evel exceeds the threshold value, a dot of that

colour is printed (or equivalently, a dot is printed

if the contone level is greater than or equal to the
threshold, or less than, or less than or equal to the
threshold value). This will produce many

m cro-di fferences 15 between the contone and hal ftone
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Unfortunately, the processing tasks associated wth
hi st ogr am expansi on can delay printing. In sone
printing applications, there is an expectation that

the printer will start printing the downl oad
wo ﬁ?ﬂ’g g@AHﬁgﬁ(ﬁlows

0061Hst ant | y. Phot ograph printers that d
directly with the canera are e such exanple. The

. . . 98
capt yred. i e ] i.cal | v-downl f .
chhentici e foratip e AHS L P ARl 30 ok oAy suatty
to 6 inch by 4 inch photo _
RS BB Prstiem, S ORPOU S 75 of g eecpplpire belgw L gia and 0.4% of
prefer, if not expect, to see their photos, bej
ptie seEplenite BPoved e i hisappmReLis thgﬁ‘a’ do PWWEH%%“&%’SWS than
expect good quality prints, but, as discussed aboye, )
ceimplit taking Fhel exiremey i/eﬁﬂg howevernige slightly rﬁ’é‘gﬁ‘é?ﬁlp"r@loé‘%%ﬁf‘@ias“’e-
to quickly initiating the printing of downl oaded
plibgre s al® a3isivbRver@Rpapsion bxakire aperosatage Fomdghe topgud bottom of
first aspect, the present invention provides a nethod
ofheistogoarh.a Tommuctoexpansion ¢endwradaccavisiblersontouting iggesgs of with a
with a dither matrix, the nethod conpri sing:
deingeticolomgeradient€osshuse of thetiarpacdleur différence$ betveencadjacer pixels
I mage data; 10using the at |east one characteristic to
dgftér\eRpahsioa) ONsigiay shatasethis(iht piocessoanight impesed mexinuechllowable
primary dither matrix; and, hal ftoning the contone
| gBM@asigat a Wi th the secondary dither matrix.
Mani pul ating the dither matrix can be equivalent to
perform ng i nage enhancenent 15 mani pul ations to the
i nput i mage data. However, it far |ess conputationally

| Nt enspy& 1.0 HRN, DHadt Bechlitethinb® anyBiripls dt N3] 0ABeloF are

all the raw 1 mage data. For exanple, if the dither
T, LB M SRS T R e s,
RRREE} 8o 0l PGSO ARSIRRLR) g
2o et PEREOY sove b Frb s LomtFerBT Rl oo e
PR Hen et it Sy By BrRRRTETeein s ualiy
el B sl A BERARE O 47 ot fmiongvn

conpressing the range of threshold values in theé

~ dPYher matrix as an inverse to the desired expansion
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of the histogram provides an equivalent result with
far Ie§5wpfég@gswné@MVﬂhmhbmﬁnre, as the dat &3 in

the dither matrix is a tiny fraction of the input

data, the dither matrix can be given added WO
20081006131PCT/ AU2006/ 000975 8 conpl exity, or

gThisftusctipt youldrbeapplaad to theduhit tavelsdo Hetenmine the sxpandedigyels, the

a normal histogram expansion, while still providing .
geqehéed levapthbmtonmpare b itled threshold valuesad dredtlithgr matriy. Therefore, it is
second aspect, the present invention provides a print

e B@iiveertt @ild covhputdtiohdlly dasidftol cokpsess fheiraigeof thrésholdvialues by the
engi ne controller conprising: a processor for

I §/81sY bffhe CRIUNGIDE tHaPWEELd GiHepiisEBEBTOrBED6M 1@ histogram. The
predeterm ned primary dither matrix; wherein,

t DB oRMACHS R3ppihs e4cRBF i al BredR318 VRluBEIo Rew! tRRSHol DM ues is
characteristic of the contone i1 mage data and derive a

S ' JBLd romthe primary dither matrix
ugﬁﬁggfﬁﬁm%gﬁg?&FeaStaéﬁé charactgristiz of the
contone inmage data; such that, t he contone i nmage
data is halftoned with the secondary dither matrix
prior to printing. Preferably, the contone inmge data
has col our level values for pixels in the inmge, the
15 col our level values having a certain distribution
within a predeterm ned range of discrete col our

| evel s, and, the at |east one characteristic of the




10

15

20

25

L",a, is the m ni mum nunber of discrete colour |levels
that contain a bottom nost 10 nunber of the col our

| evel val ues of the contone inmage data; and, |-40tai

is the total nunmber of levels in the range o '
WORYHPIHyel s. In these enbodi nents, the t opﬁ?ﬁéﬁﬁw{%ﬁws
portion may be the highest 5%f the col our |evel

val ues of the contone inmage data. Likew se, the

bottom nost portion nay be the | owest 15 5% of the

cQl our, Level, val ues af e cqontone | e data. Ina .

" Bugfte s P eyt oh B Yo Fest P ot Bpuation 1.
portions nmay be 1% I|n ferred enbodi nents, the

{ Birfutiartelys e compiessed fulshold yrlosmpe aﬁ‘aglﬁfﬁ‘#’itﬂgwated to whole
secondary matrix are determned in accordance with the |

f BYmbARF #rghehaeware Keauiropths fitheringiprocesstg e a wholggypmber comparison.
Lm nY. Ltota; where:  is the conpressed threshold
vHengedhs threshld yelpesynfdiigurel? ereapundsd i sive tgavholrgpimbsr thygsholds
threshold value in the primary dither matrix. WO

26108000 §igeteFET/ AU2006/ 000975 10 Optional ly, at |east

some of the thresholds in the primary dither nmatrix

are not whol e nunbers and the conpressed threshold

values in the secondary matrix are rounded or

t Manipataddg the inguelevelaviaghe dithel matrixrdbsermesehts an bpygrtunity to improve
options, the threshold val ues occur in the primary

diti i@bgedahidcsmant{bepeirl tRat wiffersd by lidterard bxpansies. and t he
conpressed threshold 5 values occur in the secondary

dither matrix a greater nunber of tinmes, the greater

nunber bei ng approxi mately equal to Ltot,d(Lnm,rL,.)
nthih%ﬁibt@%raﬁxVexbﬁ%idﬁ[ ﬁﬂ?ﬁlﬁ%fﬂe REH PR ewA e via behtivh D Mavolves
the threshold values of the primary matrix, or only

ORfn@ihge b¥\Be GOV dvaisNGed RSO (HREMSESoff tﬁ@ﬁi‘iﬁt@ﬁhapdvi/eﬁ‘@f Wence,

matri x, that correspond to the conpressed threshol d.

%%0#%‘?%@9%%% i Bfn FIR SR Ao RETE B0, Pl g in
| glfgg etéf,) th%?et %rg@rrﬁg g% ﬂ%#t%gn%% ?@%ljud erbil® b%%etgﬁ ge%mples on

S’'valu are el g er su

cHE P S/ ¢ Gt AT 5 o e oA nopls fleTighn e

64 15 and.ithe threshold levels r e from1 tq.

g Pesiat bt o e g ied cpfeet A Fnes 3 ogdikel o produce
DRAW NGS 20 The_ inventjon will now be described, by

WHLLOlF comtpyrpg B the,pyntedimage, of or ence to the preferred
enbodi nents shown in the acconpanyi ng drawi ngs in

whi ch: Figure 1 shows a print engine pipeline in
accordance with the present invention; Figure 2 shows
aLikewiserrowging (er Fancating)the commpessediirashald valyesiaiten dther matrix
val ues; 25 Figure 3 shows a histogramof the inaqe.
deausesfsome of the dliresholisdo pallide. dfva mrannle, theghaded thresholds in the
2008/ 006131PCT/ AU2006/ 000975 11 Figure 4 shows the
hestprepsedmetiixfof figuee Gare ppianafctutlorabeivédieras,dvd eoaresponding
contrast; Figure 5 shows the dither matrix with

cihrgsheld sethe biipinalhmbtex sk Pamire2)l veart adtesduilo Gonseqdetiynthe number
pl aces; and, Figure 6 shows the dither matrix with
cofateridediwhéd B6viag doxnadnd @snerened thettle hext wHEE noEisy sesbothd Again, this
whol e nunber. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBCRIVEN T8k OF vidibtsdbntRfing th thb frifted kfdgeund to the

I nvention, photograph printers have recently been 10
devel oped that dock directly with a digital camera and
automatically printed the captured i mages. They are
expected to print the inmages quickly and with

phot ographic quality. Furthernore, these printers wll
only offer rudinmentary inmage enhancenent options, if

any at all. Users that want nore conpl ex imge
enhancenent of their photos will downl oad the inmages

to desktops or |aptops and mani pul ate themw th

Phot oShopThl or simlar 15 software (note that
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As the pixel data fromeach JPEG MCU (m ni num codi ng
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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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compression to determine the number of times the compressed threshold appears in the

final matrix. Referring again to the above example, the inverse of the compression is
256/(Liax — Lamin) = 1.313. If an original threshold occurred 16 times in the matrix, the
compressed threshold might ideally occur 1.313x16 = 21 (with one threshold occurring 22
times). Of course, if two original thresholds are colliding at a single compressed threshold,
the occurrences of only one of the original thresholds should be used to determine how

many times the compressed threshold occurs.

Enhancing the image by manipulating the dither matrix means that gathering image
statistics can be reasonably heavily optimized because the impact of granularity issues on
the final matrix (and therefore the printed image) is relatively minor. For example, in
some applications, the histogram need not have 256 levels. 64 levels (6 bit) may be
adequate. When building the histogram, it may not be necessary to collect statistics for
every pixel. Sampling as little as 1 in 256 pixels can be within acceptable output errors.
When calculating Lyay and Ly, portions of the image that can no longer have any impact
on the end points of the histogram, may be ignored. Likewise, reasonable results may be
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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40.00 4 50 Wth the increased granularity, there are
smal | er inconsistencies inJhe nunber of tines the
conpressed threshol ds appear in the final matrix. Most
conpressed threshol ds occCkAIMSti nes with about a
quarter appearing 24 tines. Therefore, noving from one

tone level to
1. A method of manipulating contone image data to be halftoned with a dither matrix, the

method comprising:
building a histogram of the colour levels of the contone image;

determining the number of colour levels falling within a predetermined distribution of the

histogram;
deriving a secondary dither matrix from a predetermined primary dither matrix based on

the number of colour levels falling within the predetermined distribution of the histogram; and,

halftoning the contone image data with the secondary dither matrix.

2. A method according to claim 1, wherein the secondary dither matrix is derived from the
primary dither matrix using the number of colour levels falling within the predetermined

distribution of the histogram, divided by the total number of colour levels in a predetermined range

of discrete colour levels.

3. A method according to claim 1, wherein the predetermined distribution is a distribution

containing at least 90% of the colour levels in the histogram.

4. A method according to claim 2, wherein the secondary dither matrix is derived from the

primary dither matrix according to the formula:

(Lmax - Lmin)/Ltotal
where:
Lumax is the highest colour level when the colour level values of the contone image outside

of the predetermined distribution are disregarded;

Ly is the lowest colour level when the colour level values of the contone image outside of

the predetermined distribution are disregarded; and,

Liota is the total number of colour levels in the predetermined range of discrete colour

levels.

5. A method according to claim 4, wherein the highest 5% of the colour level values of the

contone image data and the lowest 5% of the colour level values of the contone image data are

disregarded.

KIP0O01
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“total is the total nunber of colour levels in the
predet erm ned range of discrete colour levels. 5 12. A
print engine controller according to claim1l, wherein
the processor disregards the highest 5% of the col our

| evel val ues of the contone inage data and the | owest
5% of the col our |evel values of the contone inage
data to obtain the predeterm ned distribution. 1013. A
print engine controller according to claim11l, wherein
the processor popul ates secondary dither matrix with
conpressed threshold val ues derived fromthe dither
matrix according to the followng fornula: Lew - Lnun
Tolth(Lmax Lm n)/Ltotal where: 15Tne" is the
conpressed threshold values in the secondary dither
matrix; and, Told is a threshold value in the primry
dither matrix. 14. A print engine controller
according to claim 13, wherein the processor truncates
or rounds the conpressed threshold values in the
secondary matrix to the nearest whole nunbers. 20 15.
A print engine controller according to claim?9,
wherein the processor sanples a limted portion of the
pi xel s of the contone imge data to determne Lm,,
and Lmax-
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