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The aggressiveness of the compression technique can be set so that the noise in these
critical sections is acceptable, but then majority of the bandwidth is only lightly
compressed and the data size remains large. Keeping the data size large tends to defeat the

purpose of compressing the signal in the first place.

JPEG (Joint Photographic Experts Group) compression of contone image data is
one example of a lossy signal compression technique. The noise induced by JPEG
compression in particular sections of the bandwidth can cause particularly visible artifacts
in the decompressed image. Because of its relevance to the present invention, the detailed
description is directed to localized noise reduction in the compression and decompression
of an image file. However, it will be appreciated that this is purely illustrative and the

invention encompasses other types of signal transmission.

JPEG compression of image data uses one of a suite of standard algorithms to

reduce data size for faster transmission and more efficient storage. The quality of the
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23308h0n! aboEleich i Sraesiol gy BOAPGERT WAV o 1 oduce

data size for faster transm ssion and nore efficient
storage. The quality of theresultant image is
det efugured shgws the inegedf Kiguredrgites ddias heenAP EAhepranrssseé and

ERTPRETRS TR FRL b S8R BpirtGsionramileSS ap odep ey scale
aftefdtis €8 atduad e seeipheity dftties Bladlashep@ €0.1 Ehegres se¢ adtifaedd 3lso exist

l.arge. Therefore, the optinmmlevel of )
within the black shape 10 but are obscured by the surrounding black. The artifacts 14 are

e

confined to the 8 X 8 pixel blocks that cross the boundary between the shape and the white
background. These artifacts are referred to as JPEG ‘ringing’.

Figure 4 shows the histogram for Figure 3. While most of the pixels are in level 0
or 255 (white or black), the noise appears in the levels near the two extremities 16 and 18.
The noise is restricted to the ends of the histogram because compression tends to cause
only small shifts in a pixels color level. In a ‘normal’ photographic image, most if not all

of the intensity levels in each colour plane have some pixels. The noise from compression
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conpression is a trade off between inmage quality and

data size, having regard to the characteristics of the
WOiogot43d8evi ce (printer or nmonitor), processi NBCT/AU2006/001788

capabilities and resolution réquirenents. During JPEG

doermmt ekidl the colpheleietageryifar faasraltlyezm@hﬂ 16tebcdod niikeSwith 8he other

dj th
Ef(sr BJ@?‘%S@I ﬁ}?‘gﬁf@}é&é %QCW?@M S@Ft?fil rfr@qB?r&gli 3112 gya% sdnscagitive to
high ﬁaqu@n@qgﬁ@&ﬁad/eeupzmaﬂ%ww ?evefsrkﬁh kR oﬂgggng ShéipRdges

becone visible in the final i1nmge e conpr
betisan strensly eontrasting tolowsavhere the arttfa@e besonidrasiblesul t i ng
image is inperceptible. Unfortunately, there are often

AR O T VBN TN Than (he rect of the i hage.
LQJ oty Ty SR kG I B B AR b bRl g2 Signal data ata

podeteahines favebwitHinehabarleri@th@fien afpRasigaileo Babehcaekee For use by an

bet en S contrasting colors such as text on a
ORIt &’5 %ﬁ%dcqmwrg 1is an imge of a black

Shap?esé@m%ﬁh@s@ﬁ‘dltdﬁtaklﬁ%%f Qiﬂgl&ltl%t% gflﬁg{ﬁ: a MQJep -move at
Figure 2 shows t he associ at graysc stogram
1qa$t@omm§d1e sigre! Hats ooyombufas s@$dnlofed mndwidth aﬂﬁw&it ththe
pl%ﬁetrégn\m#%ev 1and | evel 255 being black. A black shape
on'a ackground (w thout any noi se) has pixels

in | pﬁb@éﬁm%tﬁé sighél B bythd omtpixedevicgvel s are shades

of grey and therefore enpty. Figure 3 shows the inmage
of Figtsigningaany dataip thedyi s eertiopratheampletersdubddavel; and,

deco t. ress
ot | oeraRdte s g R grels i Ui R pERERRE) Blatsommeye dat
qukrihtphhelyufﬁérsbdft&)nbl ack shape 10. The grey scale

artifacts also exist wwthin the black shape 10 but are
- obscured by the surrounding bl ack The artifacts 14

are i

oy nglg!r':‘(fdriblg% \381 g}ﬁé ét?gnﬁ gﬁ)cgssﬂi Joﬂ\% ;ﬁ#aﬁ" ggtca: (l;ﬁto?rgﬁﬁ émq §inal level
inThe Sl@uwlgm'c’ﬂ & didfenané 1qvef mrthfedutput signall PEXs s]’ulﬂnglchgt generates the

Ei 4 shows am.for re.3.. Wil e nost
niife BoilidBhal ot il dog SRR st 5P s ahal ppoosspingyfhere is
high @robabisiey MAOR @ﬁ@ s'hﬁ’tsttB% 1e@b918veN §Pthe bREAWARL. If the signal data at a

extrenities 16 . The ndoise is restricted to %‘

pastigidardeval heoﬁgrgat@gnmwmagbgve mmoesofﬂmthaddws ¢he invention
al&ﬁééftﬁigl(ama%ﬂ 2)?%&' R}Eall {ﬁs ﬂ)ré%nal ﬁ%vei3 wgtih%%l(r}? 1t51'e1 pr,g#sz tc{)jl noise.

intensity Ievels in each col our pl ane have sone
pi xe |se fr.om conpressi gndoes not shift the

col ot¥ “fse"g @,g}pyt Higralimevhor Ak obttieglatiain lpvalasear ghedmportant
1eRRDe8S b¥khifted Bfa Pt PR effectively creates a buffer on one or both sides of the

important level which quarantines the data in this level from the rest of the signal data.

Any noise induced in the data from the important level is (highly likely to be) confined to
the empty buffer, and so can be easily corrected. By re-mapping all data in the buffer back
to the important level, the induced noise is removed. Once the data in the buffer has been
mapped back to the important level, the initial rescaling of the input signal can be reversed

to distribute signal data across the full bandwidth.
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color planes, so the artifacts occur at a high spati al

frequency. The eye is insensitive to high frequency
wooeisecasatle up of small col our |evels shifts. PCT/AB2006/001788

only the sharp edges between %trongly contrasting

col apgionaky,ahé putsipnd acimgb datafer a/¢clodplene GauNmRye @R the

THE | NVENTI ON Accordi nglégﬁ.he rtgsent I hyent i.oT. tensity val
ouI JPYES 158 R Eo dD resp P lmeﬂ'§= f §igap! qgi 15 pyiel jptensity values

foPfng %’3{0‘? ?ﬂﬂn@ g%ﬂt%\é@ linthﬁlﬁ]HBelt iR Wielshy dével) shdhRHit the
si gna 0 be processed tor use by an output device,
nupiter nelelied icthapridsvidt ofitbsinphi signal.He adhgaesprefared fosm of these

l.evel s ot her an th redet erm n | gV o
eoptod St o e Renibrg o B BhaS e S Bl plpaEly M or
zeBS cdBEinRAB) GptioadiperRniethod bheepectiedetarih asdednd\peédetermined

processing the signal for use by the output device, .
leved, the s¢agndl pepdsieymined deviehbeing theesdmumdatengty leyelin ghe bandwidth.

predeterm ned | evel; and, rescaling the signal data in

| evel s other than the predeterm ned | evel to nove data

backprefekably, Be protéssingsdtiid signal invabes iassy eensmissidreof the signal

aogp. b TeIeT fofe e Sng ALkl rel Eniel S
cdrr]tgtl)rgﬁﬁm lﬁé‘eéi%xﬁl 98! 1 IB4is ﬁﬁ’lﬁifefr breffddrdatdin 388 ?f@%@&lgt dfahe

seint put signal. data does shift because

sigrfal irhve ek dpsay imagecesiiresgiont frea parttisularlyipegiensecdoiosi thieyocessing
%gat. it .oqlg %phé'ts to a.nearby level in the
ol sigheldpcludss OGP Yat a at a particular level is
of greater inportance relative to nost of the other
l evel s, the invention allows this data to be preserve
at i ©ptienally; thainnuésignalip rascaled Yy qyaniipiag the imags dajagato a lesser
t 0. NOI-SE. i ] ' . S ; :
o R B ¥ BREEH 16, el et indleliain MR At filctermined

leSHli fih aBretuvaad fofinithe Bfidgealataie rescaledat fimtiag ipoint ealueharsithen

or both sides of the inmportant |evel which quarantines
roppdedigithe plaseshpisthe éV%‘FSIW?%’ S he rest of the signal
data. Any noise induced in the data fromthe inportant
level is (highly likely to be) confined to the empty )
buf f Brg paticulsmy pefiertee fors, thg methoddurtleat comprises-onperting the image
all. data in the buffer back.to the |nportant veleqg. . -
afthgomhis Bolipsese ot Fenny o mee SRS Rsrpi s the inpu
il s DR fHRRIA SHRERARBAE Withahd Biftor IPRGE caRtrsiady dh this form, the
the initial rescaling of the input signal can be . )
sqooné caleispace is the printer color space. Optionally, the step of rescaling the image
data back into the or each buffer section after JPEG compression is performed via a dither

matrix by adjusting the threshold values in the dither matrix.

Preferably, the image includes text characters. Preferably, the image includes line
art. Preferably the image has a white background. Optionally, the color intensity values
are 8-bit values and the bandwidth of the input signal is 256 levels. Optionally the
predetermined level is ‘0°. Optionally, the second predetermined level is “255°.
Optionally, the buffer section corresponding to level 0 is levels 1 to 16. Optionally, the
buffer section corresponding to level 255 is levels 240 to 254.
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to distribute signal data across the full
bandwi dth. Optionally, the input signal is inmge data
wo o00s@6438$ or pl ane of an i nmage and the out put PEV/AT006801788
a printer. In these enbodi mrent®, the signal data is
BRIEF DESCRIPTYONOFRTHE DRAWINGS pl ane quanti zed
into a nunber of discrete intensity |levels, such that
t he Mheaieentidn Willedvs be dedchibedby dhaly @F bxaifiplt balyl Witlireference to the
Si %al. In a further preferred form of these
Bht H}M@Wnelh@eap%ﬂeﬁwm avIgRan Whiclkihe i ntensity
| evelrigRl | R5RORALOthat & paitiuii :
i nt enfsglﬁ?y).' @?ggnaal %pa%ﬁg‘ieﬁl té{gge %%P?g%éﬁ%’he dat a
i n aFieohth the bidtigeammassodiated waikh the lwpageatifigure 1;
predet erm ned Level ing.th Lmumintensity |evel |,
Pt Rl et g D FShieRuhRoitd on Fofing’ around
tieilardéddesvol ves | ossy transm ssion of the signal data.
In a further preferred form the processing of the
si gnHigurgd sl the bistagean assegiated yithethsiioagosf Kieresi gnal
dat ay: . St f r..nraf fr -he .
pr ocEigtfe Siht pistoetl ASpoRIS (AULA b gt 11 1 with the butter
sextiogy &3 ai levels L 16anpan0i2syj arly preferred form the
processi ng of the, signal .includes JPEG conpression,
Opt i BIEAFY ,Shwég? HpReC iFgear 3ivath Bsagisedn By leand nighdy tfer
sdciBnd ﬁﬁ?@edﬁéﬁéfelsrﬁ&dazslsﬁ%r%ﬁwer of the discrete

I ntensi evel s except i mege data in the or each
pr edBigura sexskiethelf thd endpopiekef pdistégram t he | mage

data_is rescal.ed.tq _floatin oi.nt val ues a t hen

r ountEYg lstaﬁgé‘egpé’g thee pof'%’ Sioﬁ%ﬁ%?%wgﬁ&e qealt? oved out of
thedffeEstcibhy preferred form the nethod further

conprises converting the imuge data froma first color .
spacBiguee Qisgetksish of &demswﬁ grediistogtam aftes JBEGrigcaipression;
t he j ' .S r [ ousl it

the SR SRAR-ARLEu IRk eRA T T PIER R fa b e
buffdreectipace is the printer color space. Optionally,

t he lg,tep of rescaling the imge data back into the or )
eachFigrs bl showes thessscling of topapytampeedaln gncrpafe the buffer sections;
rformed via a dither matrix by adjusting the

tAreshol d values in the dither matrix. Preferably, the

i magBigurec] Asbewstapxitemhivactaliag tdhefqae abthe, inpit émhgadeta.
includes line art. Preferably the inage has a white
background. Optionally, the color intensity values are

8-bit values and the bandwi dth of the input signal is
DEAILER! BESCGRIFTION OF IPFREFERRED'EMEBOBNVENTS O -
Optionally, the second predetermned level 1s "255".
Optionally, the buffer section corresponding to | evel

Ois levels 1 to 16. Optionally, the
As discussed in the Background to Invéntion, Figure 1 shows an image 10 on a

white background 12. The edge of the shape 10 is referred to as a ‘hard edge’ because the
color intensity values drop from maximum intensity to zero (white) instantly. As there are
no transition colors in the image, the histogram shown in Figure 2 only has data in levels 0
and 255 (8 bit color values).

When the image of Figure 1 is JPEG compressed for efficient transmission, and
subsequently decompressed at the output device, the edge of the shape 10 is surrounded

grey pixel noise 14. The noise 14 is sometimes referred to as mosquito noise as it is most
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buffer section corresponding to |level 255 is levels
240 to 254. BRI EF DESCRI PTI ON OF THE DRAW NGS The
WO poosns43shr Wil 1 now be described by way of exapgl/au2006/001788
only, with reference to the dibodi nents shown in the
vigibtoasasiyndief dirladote 9a thd lightkide bf a hardusdge iudhsasamt iorrhgeart The

ticularly prone.to JP ure
10?%01{%@W%%Hm&m&rp&&wpﬁﬁ%@gﬁgﬁr sl agmyefrom their
input FalEH! Thasel shiftiRe | 1ik8Y %o 8é srﬁélgé’d # alco‘ffténté ihBEGwith smoother tone

conpression noise or 'finging' around the hard edges;
grlﬁdlgmsethﬂ npise istdgh frsqempcn mdiswsihla taetie wie. "HoWwevdarnthg goisé can

ur e 'Fi e is the his a ci,at.ed w t,h
ek Fuble abh MGl elels bt ot SRRl SCRCHEBRE Mate ey toves
frbﬁii\&b aﬁo@aelor%@h%%;seﬁugymmﬁl in ey Bistoben SEEIguRf4. Input
gure with the noise in the | ow and hi gh buffer

d@%a}t levs2 e pisedhifts hubisdess visibla gmpagst thaspredamipanty level 255
IEblgu&ﬁls%oks% skﬁ)%ﬁ'lt s tﬁ@@e@%ﬂmpgf %‘ R, of a

I St ogram gure s as e end portions of
the hi stogramvvlth the data noved out of the buffer

sect ure 9 i.s sketch of the .end portigns
t he f@%ﬁséﬁ ssttingsdes HEEQHFILERRBFON f9 t5aegy ty ngosity of the

nﬁgeet@ltah&fry voske SiRQRIA ﬁﬁ?ﬁ?‘r&:‘?ﬂté fhatlh ﬁfsfdgﬁéﬂl tsx%n rescales

back into the buffer sectio Fi gure
thﬁelamaﬁam@yareducm the pwmbtmg@e@anahet eandwédthe In Fﬂgutnﬁ flesrels 1 to

[ 2 sh |
16 B PR PR D B PHE PRD Y AEBARa P tpdsR] 23 Then the
ink¥rpeRa R TN 4% r%@%&%@d&l‘@@' MEdhBasSShdlbrB e lisctReer the extremes.

t he Background to | nvention gure 1 shows an image

Theregyiting Wistageam axvisa ycls 2224141@1%@@@6 eAntiapidbesTiegFeadjayent
levals. 8‘?&{1&&9 t?m@ ifttedde p&fl&dco%%& is &%%ﬁ%gﬁkt%o&e%ﬁﬁsto

i nt'ensi rom maxi numi
ev(pahsmm)but nsthsmahqg theba:paﬂimxeha reerracted mslsoﬁm@mlwlébashown in

R Tt bl gt ines rf?f%nel Pdepbes 5%@%3%6%'116 shispé 10 and
the white background 12, and this could be corrected with a more aggressive histogram
expansion, but in contone images, a harsh reduction in levels leads to visible contouring in
areas of gradual tone variation. Ordinary workers will appreciate that each system will
have an optimum compromise between clipping all the noise and degrading the number of

color levels.

It will also be appreciated that the buffers need not be the same size or
symmetrically positioned in the signal bandwidth. It should also be noted that the buffers
need not be at the extremes of the bandwidth. For example, if the signal is image datain a
YCC-style color space (luminance, chroma red and chroma blue), the important data in the
chroma channels is the neutral level in the middle of the bandwidth (level 128 in 8 bit color

values). The important data in the luminance channel is at the extremes.

The image of Figure 1 only has data in levels 0 and 255, whereas most images have
a much broader distribution of the data — usually across the full bandwidth. Figure 7 is a

schematic representation of the histogram corresponding to a contone image such as a
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When the image of Figure 1 is JPEG conpressed for
efficient transm ssion, and subsequently deconpressed

wa@tooslessstit put devi ce, the edge of the shape 1BCT/aU2006/001788

surrounded grey pixel noise 1B The noise 14 is
photoptapheThe mhaperhasi sére pixelses gllildvelsrudfitise0 &s233 bandwidth. For

ST Sy o8 i Pk Rl TIPS ot BtSmprssed
atiBk dudput devidte Dhpeaditly HidfhaG O oY IPES &??ﬁ@é%i&fjgﬁfeéggeﬁ', 8 lmber of

col or values away fromtheir input values.

pielstin sheguapytilevel syshpuldine rewgtily thessane aa theoswresporidingieput levels.

it e e oradi ent the. noise js,high.. .
Al stroRiTBOF Aipeh S REY B! B ahidl s 1 b eV thistggpens o
hiparfrdgeemyssothsndibeis amperoebtitas. dTRIGRSpidILIoahis APt hedl fged
at level 0" shifts to nearby grey levels from

CHBRIBIAIheimage Pethsas tois anphibebackeiosnd Rolipe b Theeye does tond
tdYepisRD A oe éélhgﬂdfeﬁ iff the! i{'ﬁl@ a}#gatlﬂ?(ﬁﬂg theft %ﬁe;en dof%%ﬁtauf%uiéﬁ edges.

shrfts but 1s less visible ngs he p om nan
| evel 255 pixels. This noise is shown at 18 on the

2 b CPER ARl at e a0 SiBe b ey shpoif e preserved as
16761l (5 Bix el IHRVIpUORAKLRI A obdbr tdhvoidl R Wsibiel rins,?r%@ fﬁg% glevel 255

that a histogram expansion rescal es the input” da
pixglg e thegnpwiémagmiheriddfe kept afl thati lavel e theautiwit itbge dlthough this is

I gur, : J: to 16 are mapped down to level O
ué?r?gyIaZ?/SgI’V%Sm%gh]?%&'254 are mapped up to level 255. Then

the internediate | evels are rescal ed, or wi dened, to
encoppass .t he tgreéﬁgbetween, the extremes. The

r esul' s agplify of hg JERC IeamPreswen iy kasyms apd sothe spgtion andhe
bR BT wWARES a Rt i in BHeDA0 3

I ncreased (;Eﬂ& or&g@g{tfggﬁgl?ésﬁpﬁ%&p?&nﬂf yégtflr%%gtéggsfalso known.
Thiss bofferaseceopisindi22 ditite bamdividth anad®sert dxdeetpaisiand levels 240-

22 e SRS PPl Guinls FHET RGO Lo MRS ISP RE050 he
dRIBPrishYeRRIsI IS Rﬁllga?p@eﬁqn E}Eﬁe Bk Sebffsgr ound 12,

and this could be corrected wmth a nore aggressive
hi st ogr am expansi on, but in contone inmages, a harsh

redugt j hh levels |leads to visiple.cantouring. in

ar eglgl o'?erkgsrhé)&ﬁ are YEigg \a}%ﬂl%‘feido%? Ogh&ibﬁgﬁ/s ?@(gﬁ) and 23 py
resqajiing chesihputidagl 2406/1bvely B2 Minb fidveltaMero a3 9 0 Rlek MY is done using a
.conpr.onm se between clipping all the noise and
sigpplsr AgTHBmsHeh aURgation beliver | evels. It will al so be
appreci ated that the buffers need not be the sane size

or synmetrically positioned in the signal bandw dth.

It should-bl.@g-1g)/{(bL.ed bHhaknt)he buffers neegj.not be
at the extrenmes of the bandw dth. For exanple, if the
signal is inage data in a

Where:
L, is the rescaled level that the pixels in the input level are mapped to;
L; is the threshold of the buffer section at the lower end of the bandwidth;
Ly is the threshold of the buffer section at the upper end of the bandwidth;

L; is the input level being rescaled;
Lmax is the upper extremity of the bandwidth; and,
Lmin is the lower extremity of the bandwidth.
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YCC-styl e col or space (|l um nance, chroma red and
chroma blue), the inportant data in the chrom
wa@basneisssi s the neutral level in the m ddl e oPCT/A®2006/001788
bandwi dth (level 128 in 8 bil3col or values). The
| PG Handx atileshiowntih & duuesi 72 80) A 8y, A6F 6l mid = 0.8k =t Heand Ly = 239.
extrenes. The image of Figure 1 only has data in
So Ba/bpgcamesind 255, whereas nost i nages have a nuch

broqgg;upiggﬁhgytion of the data - usually across the
full "bandw dth. Figure 7 is a schematic representation
of tlheahbstaygdedtodbe nessesd indegey ot Isftasedinabing ppihydue tpmore

as aphot ograph. The inmage.has, so [ .
sy BPER T RGeS Senar g Mo 24 § il pack across the
full bahdidgsi on, the image is typically JPEG conpressed

and t hen deconpressed at the output device. Depending

the quality of JPEG conpression sel ected, the nunber
of pi.xels J t I I
<a rrgﬁglgre% Bk M&eRY tB?Sér}] é‘gs\éﬁlsg 1S THBYL ﬁxg?ﬁp&fﬁﬁﬁ&mﬂof A8 buffer

t'He correspondi [ t Teve y errors
sebtidis 20an@QQU The dutatl 2lank 4D yn pvelsOlmdRiSg ebspectivelia ivwed répgaled.
l.evel and this happens

e\ ] at hi.gh freque so 4,he .nois
THEHS iy GBSk i THESRRESh EPBRE G i B (BRI lF hifer
gggﬁ nents of the imge such as text on a white

SeRac groo%:i}ﬁ?f@br line art. The eye does tend to register

the noise generated in the 8 X 8 pi xel blocks that

span_.or cont ai uch edges. 1n the -1 '

th aFF igiwe sfhg\\;/é Ehegtuf;tﬂ cqrﬁe&qndﬁnlgatéghgﬁrg%% éla ea{ﬁep {68! Been
THH(E 8sthp@esedStrdni@tedQo Bh ¥eipat deviddirdaubgegteritlyatpeopressed. The

order to avoid the visible ringin

. Likew se | evel

data k@had 1intthe bpferections gl 284 34 rnalsg%e RIBR yamﬁﬁ\*ﬁi% 0 P’éﬁ@’f from

in th ; ' i S Qe . iy
s et DY U PP BN e UMt g o e
eyey. Kheréfore, a:mﬂ)p?g thbdats Tﬁc%ﬁfﬁﬁ‘na’lﬁrbatlh'ﬁ) lbad(ﬂ)vﬁndtﬂlﬂnpmgl/ﬂw dita in

the majority of ngjse induced in the.leyel .0 pixels 12 ,.
byt 2 3 1R S STHRLEISEH SO CRT GHOI HhEY S B 0 iy B8 white
b%ggl%%&i topth%rfﬁll cHI9s & he 883 haMelige dorforRAbin! tRY Bhdpe2$@me noise in

. For the purposes of this exanple, the vast

therbjufieistiy frof therastof thel date @4biThessumingls aregilsognapped a0 or 255 and so

d 25 AN in,th buf f ' . Fi .
e i BB i B PG o B 0P oL e s
20 and 22 by rescaling the input data 24 of levels

1-254 into levels 17 to 239. Rescaling is done fu? 3% 3 b
si npPecaihgavisehimeyele ) and 253 hat besh comp@ipdhe festofjthq dita 24 can be

rédgslﬁ'lhbdte&‘ l%cck% the Illgw vlr&gpﬁuf?eq seckiond 80 8nd 22, as shown in Figure 10.

This is done by simply reversing Equation 1. Because the bandwidth was rescaled to a
smaller number of levels, expanding the data back out to the full bandwidth will mean the
loss of some levels due to rounding. This means that the resulting contone image will be
quantized slightly more coarsely. However, sacrificing 32 levels still leaves 224 which is
ample for photographic quality image reproduction by the output device. Indeed, 90 to 100

levels is often deemed sufficient.

Tt should also be noted that the manipulation of the image data can be achieved ina
computationally efficient way by incorporating it into existing data processing steps. The

rescaling of the signal to move data out of the buffer sections can be done when the image
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Lr is the rescaled Ievel that the pixels in the input
| evel are mapped to; Llis the threshold of the buffer
wgeemsioessat the | ower end of the bandwi dt h; LhP@€EAUL®G/001788
threshold of the buffer sectildn at the upper end of
datarie clanshace tdnvetied ﬁ"otrhKGBrtp WM EKp| Furtiengoregtheat-dibtribution of

Bt B MO aRioG S6h Y aihesbn e s S P used n

thS et nd abi-Fieriid lﬁonl@g TH@AEﬁhe%ﬁ@s cé—g 878%<USBN]@(I§’OUIUS)

Lh = 239. So .| becones Lr can be
ingogpaaied hersin bﬁereﬁ@am@siesmhee bew the hisioprany ganebg ¢xpandaddor

BB B9 SUPERAEH LY DU G 3Rl i
tha(wta) ssorklmF n’(ﬁjdﬂé levela riﬁi ‘theﬁ:talﬂdwiﬁt@ wIelaﬁvslbcbi\Mtef Iyteﬁﬂhle ganfg}‘tﬂ@mage

t t
BT R O T RN
sec?o?lﬁaﬁy%ﬁﬁﬁ%&é’@étéﬁmﬁéiﬁk% EGegighed. This is the data

that i s being quarantlned fromthe rest of the data
24 Bienthbi bUtd.Em -sed2Fons 20 Bipd 22. Figure 9 shows
the hi stogram corresponding to the inmage data after it
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- 18 in the buffer sections 20 and 22 nust "be noise from
| evdlos isthe threshofdoyalpe rfhe pemeesdither mafréx.i nage data 24,
but as explalned above, this noise is generally
invisible to the eye). Therefore, mapping the data in
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Some noise in the buffers is fromthe rest of the
willdbe ‘Sipasded) by thesadinsteddither mapped to 0 or 255 and so

end up slightly nore erroneous in the output inmage,
but the eye will not be able to see this. Once the
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of the data 24 can be redistributed back into the now

visjlile then themgiss ingbe fulbepdoramenglang the edge.sRaigis pavticyleply wue if the
ouglet device is a printer. In light of this, only the data in level 0 can be preserved for a
significant reduction in noise. This reduces the rescaling of the remaining signal so that
when it is expanded back to the full bandwidth, less leveis are lost and the contone image

is not as coarse.

In other embodiments, the input signal is rescaled in a manner different to that the
technique set out in Equation 1. Figure 11 shows the hard edged rescaling used in the
above example. All the data in the buffer sections is shifted to the levels between 16 and
240. However, the output image may be improved by rescaling the image with a non-
linear function as shown in Figure 12 where most of the data is removed from the buffer
sections but not all. Of course, Equations 1 and 2 would not apply to this method of

rescaling.



This is done by sinply reversing Equation 1. Because
the bandwi dth was rescaled to a snall er nunber of
wo enslos43sexpandi ng t he data back out to the fuPCT/AU2006/001788
bandwi dth wi || mean the | ossl®f sone |evels due to
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out put device. Indeed, 90 to 100 levels is often

deened sufficient. It should also be noted that the
mani pul ati on of the i mage data can be achieved in a
conputationally efficient way by incorporating it into
exi sting data processing steps. The rescaling of the
signal to nove data out of the buffer sections can be
done when the imagedata is col or space converted from
RGB to CW(K). Furthernore, the re-distribution of
data back across the foil bandw dth can be done by

adj usting the threshold values used in the dither
matri x during hal ftoning. The Applicant's co-pendi ng
USSN ( KI POO US) incorporated herein by reference
descri bes how t he hi stogram can be expanded (or
contracted) using the dither matrix. In light of this,
the conputational cost for preserving the data at one
or nore levels in the bandwidth is relatively little,
yet the tangible image quality inprovenent is
significant. The threshold values in the conpressed
range in the secondary matrix are determ ned using
Equation 2 : Tnew = L1+ TOld-(Lh - LO 256 Eg. 2 where:
Tnew i s the conpressed threshold values in the
secondary dither matrix; and, TOJd is the threshold
value in the primary dither matrix. The adjusted
dither matrix will not affect data at the extrene

| evel s of the bandwidth as level O will still be bel ow
the | owest threshold value and level 255 will still be
above the highest threshold level. Only data in the

| evel s between the buffer sections will be 'expanded
by the adjusted dither matrix. As discussed above, the
noi se in the white background of a hard edge is nore
visible than the noise in the full color area al ong
the edge. This is particularly true if the output
device is a printer. In light of this, only the data
in level 0 can be preserved for a
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significant reduction in noise. This reduces the

rescaling of the remaining signal so that when it is
wezpandsds back to the full bandw dth, |ess | evRECHAER@®6/001788

| ost and the contone inmage islhot as coarse. |n other

enbodi nents, the input signal is rescaled in a manner
CLAWMSt to that the technique set out in Equation 1.

Figure 11 shows the hard edged rescaling used in the

above exanple. AUthe data in the buffer sections is

shifted to the | evels between 16 and 240. However, the
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section of the bandw dth adjacent to the predeterm ned
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devi ce; re-assigning any data in the buffer section to
plepgotsndpage prd the @uinsy deviceisd, prinésrcal i ng t he si gnal

data in levels other than the predeterm ned |l evel to

nove data back into the buffer section. 2. A nethod
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the col or plane quanti z I'nto a nunber of discrete
intensity levels, such that the nunber of levels is

the pandwidth of the input signal. 4. A nethod . ) i
4. acc o$ &?ﬁ%@od? C‘I&W%H}grﬁo $l Wé’h?{e’?“ﬁge predfetmaings fygl is dhgintensity
leVe cbf€spondiBB®d #efo color intensity.

5. A method according to claim 4 wherein the data in a second predetermined level is

also preserved, the second predetermined level being the maximum intensity level in the
bandwidth.

6. A method according to claim 1 wherein the processing of the signal involves lossy

compression of the signal data.

7. A method according to claim 1 wherein the signal data is image data and the

processing of the signal involves lossy compression of the image data.
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| evel corresponding to zero color intensity. 5. A
nmet hod according to claim4 wherein the data in a
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col or space conversion. 11. A nethod according to

claim 10 wherein the second col or space is the printer

"1tol oA mpthod acchpdingitonddaiio 0 wbersimitha gedond chlmic mpak is the printer color

Swlggrei n the step of rescaling the i nage data back into
RH& buffer section after JPEG deconpression is
perfornmed via a dither matrix by adjusting the

threshold values in the dither matrix. 13. A nethod

12¢ coAdigigod accordingfordaiph Y whereimbe sten g6 raspalingdhe inagetdata back
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adjustorgthe threshokd vailwes 2n theelithermbtfie. | mage data i s one of

the channels in a YCC-style color space. 16. A nethod
according to claim 15 wherein the image data is the

13.Um RaRERoE hadRfhe B'Gaihl'R2 RhGLRIRE I HIBY&! ted :

t he Ioweroextrerri%y 0?1 t he Bangltvmtﬁdtfpﬁfpgae%% %gslmesﬂt(%g oters
according to claim 16 wherein a second predeterm ned

. 1Jl.ev elA r'ng’thc% act:clg?ding to claim 13 wherein the image has a white background.

15. A method according to claim 2 wherein the image data is one of the channels in a

Y CC-style color space.

16. A method according to claim 15 wherein the image data is the luminance channel

and the predetermined level is at the lower extremity of the bandwidth.

17. A method according to claim 16 wherein a second predetermined level is at the

upper extremity of the bandwidth.

18. A method according to claim 15 wherein the image data is one of the chroma

channels and the predetermined level is between the extremities of the bandwidth.
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BB HPCBR (h rSDeH Gg e 48 Ao DGR R sl gflr inensity
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15 intensity data, the image output device having a processor configured to re-assign any data
in the buffer section to the predetermined level, and perform the inverse of the rescaling of

the input image data to move data back into the buffer section.



