;-e3euwur rs, uxuPwewTw_ni14 JAN 2005 WO 02/ 17229 PCT/ US01/ 23654 MEFHODAPM00
COLOR ACCENTUATI ON BACKGROUND AND SUMMARY OF THE | NVENTI ON The present

i nventi onyw@gdA{Bs generally to color 5 processing systens (&%EE 54
specifically to a color accentuation systemand a conponent of a '
processi ng system Color processing fatlts into two general categorles,

nanelmw“mmuMmmumwﬁctions or dipgRirs ol rENRerT@$ additive col or

syste t or printing systens which are known as subtractive

col or sysy . Col or Cor{REkER Qegg q%ﬁe& @nCorrect for
errors in t e reader or StannEQg%#‘%ﬁgfvﬁﬁggﬁar-narerra&&nggng

transm ssion or |imtarhenprésent theedtsphayedbatpsi genegaflgcesscollbrt he
printing process, the correction can be_directed tq ink_m gration and

‘physi cal coPor dlgﬁﬁﬁﬁﬁﬁﬁpﬂysﬂ%¥%ﬂ§|%%%ém%Fe speFedigrddivayo cal splor
correction can beaéeénﬁﬁégﬁéﬂ' ”s?@%e{ﬁr OCRaSi B9 8¥f: F‘éﬂéﬁﬂd( gE far EQ?Q?I ng

20 the quality or color ture to neet certain criteria an
‘tastes. Exanpl es propessnngrsysysmens i nclude US Patents 4, 674, 963;

5, 883, 984; 6, 053, 609; g 857 931 and 6, 097, 3%%5&25 I.n videp and teIeV|ilon,
there are continuous dsP&PEPNERTICBFSHRM f %, TEDred¥n cgrBRTa

accentuation syst @awt;bhegl pna:ﬁanyvplc_sfmglﬁﬁj SRR BS ,orT‘d,lsysu%% wARenHDTV
picture quality in both large and smalT formats. Digital still|l cameras and

digital video 30 atmekEPWRoLRY REELAVBUIADPDOrSESRABA aﬂ%tpltg‘m%}'g'er oxr
various |evels of égﬁgﬁhgaéyggeing%h%ﬂ'g {E'TEESWE EQesnglisgs\ﬁlg dalLt ¥, For
]P ake F ay. en tﬁe

exanpl e,, one m gh cture on overcast

accent uation buttspstampres&ﬁﬁortdmrréunkbnméysdamﬁ<Hawkebbbnmdévéabpédon 35
a bright day. 4 JAN ZOOEEVV02/1722 -2 PCT/1TS01/ 25654 The present

i nvention is dlreE?eGOFBeFﬁe SnEEPPTEf 1BcEBRL HERARY PheSGREPREL BLCBPSEY
i mage to be nore 8&YP§na§0ﬁ95e9h¥§rSgzl.ghgﬁ.eﬁfﬁﬁbfﬁgsggohhgrei§m§‘g?tQ@ﬁbng

hi gher col or contrast. The present invéention 5 would be conpatible wth
al nost anyl¥i deo of phendigpdey. OEhips-ipdticeig RknnﬂsmtlohntthaspanatlmglI to

Lhe MM color SPRRSBlL ks | 8 BUaLeNLCHRLal LY aaseaabad et hukle
colors are migration and physical color discontinuity. In an
image or a video display, color correction can be for
errors in the processing system and/or for changing
20 the quality or color of the picture to meet certain
criteria and/or tastes.
Examples of prior art systems include US Patents
4,674,963; 5,883,984; 6,053,699; 6,057,931 and

6,097,501.
25 In video and television, there are continuous
developments of new formats. The present color

accentuation system will help improve digital cameras,
TV, video, and HDTV picture quality in both large and
small formats. Digital still cameras and digital video
30 cameras would have a button or command that triggers
varibus levels of accentuation that would improve the
picture quality. For example, one might take a picture
on a dull, overcast day. When the accentuation button

is pressed, the image will look like it was taken on

(N

*G00002*

35 a bright day.



10 related to the primary colors, red, yellow and blue; w th bl agk, b hn@%
considered by this invention as the absence of color. TV s and vi deo S
the RGB ( 02¥#78RN, and Bl ue) col or space. The col or accent;éatl on_system
descri bed herei'n can be converted into any 15 known or new BGY e or
system whether additive (light) or subtractive (ink , paint, etc. ) The
primary colors are red, yellow,. and bl ue, and_conbi nations thereof.‘ Rai nbow
colors are generally considered the vivid, bright colors and are either a
20 primary color or twogpLi X i/ percentage |n a
subtractive col or space. nggééﬁégr g%?fa\% gﬁ. r§9%§ﬁé?5 gg gﬁﬁrcﬁ?gﬁgés,

as the percentage of thechtwestingerutentaeinltedcolbber igRRRORNIbHE NEHLASES,
the overall col or beco s moye 25 dirty and everitually becones shades _of
grays and/ or brown bs TRIFEL 19 RAIR es PG SEESLLNGe BRI dihr 6¥EsseBdand

spaces through CO'H&V%HQCﬁJ.%RQY:erC%J.% d%ﬁ'gﬁrﬁct: gl'f"‘ﬁb ﬁ?@geﬁt? e gﬁtféﬂ

adj acent pixels in the irmagé that have subst sane co
other words;5substwatildl be tdemsantblel edtboriomssit angnivtidées.or pr:.nt

ractitioner of ordinar LT wi r ni,ze .that the_benefit_of the
anenltl Ion can be a?"FaFﬁgd“s-gésdB%“EFHanﬁa Fhétéeeeﬁraaﬁisﬁes ‘I"’elJO- £g thg jaN

2005 function' oncecfigx acbldhe 4pa&ds Wi 81rseatl?1%06§§§te¥nhe§éﬁ9k§£f{}t

pi xel s have substantially the .sane.” col or conponent nagnit
Ther ef or e, the i nveRsPohatad with Hpplpwihting industage EMY&-spends Hyr

pi xel basi s . t f unct calcul at ed -and
applied to each p?ﬂgg%ﬁl’ ngﬁ\feg’gcgal ;?éifgw %%ﬂa?%%a%kc/. allrg%sebasq]soﬁ%%}"% t he
function isleal cul aeddtédr toathar grisfaryheditage, arstit hpeShoR dndcbles,

applied to each pixel B the area) . The overall,. accentuatjon of 10" the
total image in thi €iEhsPeAFisPRINT CoTEHAaTRch®\iis HRTY RGN THe &)t em

determ nes the ,reLBkbM8e MG 43S Of Ty7r gaGhg CPl 80 CARRORERY - R@e&?&‘”

conmponents are the. set of colors that are, the axes. 1n a glven
space. In Red, B u@reﬁ’el,l end RB\de()t mlqgrrlmqe c‘Hh@rccs?pareézccent%tBoand Y

. the color . Th t ts ~ th
ragni Lude. of * oneoySOP S LT o eEG =30 T 1 GHRTEBhed ol s

determi ned 1®l ati vnnaﬁgnb&u@lm: oAt R0k OFPONE] - whdbiet YRRAZOi9ad
anount of they adj ust nent is .a function of .the relative magnitude

di fferences. One ofl FYSPE oPTt FEPLrAg§Aveuddak o Qéjl%t:eéttco)change t he
relative rragm t “des %gécﬁ'lri&{argh@ofb{*é eéﬁé‘e%f%mgzeail% %‘Eit ggﬁe%ﬂ&

space, (e;. ; et ween (t
magni t ude coI or. Ad:smblnypnoalsl yeheteof om@sﬁnﬁa@mrcobopsnaﬁe geneedlited in

two col or o ar e pr ocSBRE FREEfe “RFcd o i RA S ol SRLTTH dLnd et ecsL te R (1
is not conspgered greph@y idblor or two primary colors mixed at some
ratio/percentage in a subtractive color space. In a
subtractive primary color space‘or process, as the
percentage of the lowest percentage third color
component increases, the overall color becomes more
25 dirty and eventually becomes shades of grays and/or
browns. This directly relates to additive color
processes and spaces through color space conversion.
An area in an image is a set of adjacent pixels
in the image that have substantially the same color,
30 in other words, substantially the same color
component magnitudes. A practitioner of oxdinary
skill will recognize that the benefit of the invention

can be attained by determining the accentuation



- 30 the Ldniti aI accent uat| on step ' Qther objects, advantages ‘and novel

. f'eatuwe s of the present .invention will becone apparent-fromthe ftdi |Jmum
.detailed description of the invention when Aneénded Sheet: considered in
¢onjunction with the acconpanying draw ngs BRI-EF DESCRI PTI ON OF THE -

- DRAWNGS 5 Figure 1' is .a color processing systemin which the. present

i nvention can be incorporated .,~ Figure 2 is a subtractive space. col or

wheel : ~~ Figure 3 is a single. slide, coTdiwheel for RYB from col or pi pe
10 figure 4 is a ,look up table in

of Figure 5 with Funct i
OWK ‘correl ating . E&%lt ggor? %a?otoatl%e ta'tﬁzemlssﬂtsedlnolamr &@Jr BeSaiiSe a

conceptual view .chet taeijtacdewt pielslyh e A HEDR | ON OF THE
- PREFERRED EMBQCDI MENTS The cor e, of . thIaSVI nv‘é%tl on&ﬁ?ER |- IR FPHPF t he
primary -col ors (ﬁ@ﬁpo%FFoW%ﬂlh'e‘)‘de%meTk@rEﬁdm syheedni-dAei bAnNg 4N both

addi tive and subbeac&pp@lé‘cpl eb a&pacl%gtehr8‘gghus§g’t‘$ﬁ%cﬁéa}§gol%;g?fgt :

20 , transforns. gresent i nvention’Can
node, an i nage, f'ﬁ Frei sthenecgeatuasing afiyndtiict - g@l OBa$PAESralS 4

converted into t&ppppé@rtgcgg&p f a_second col or space and
has 25 the accentuation functio appnq'glgiwl% OEO‘P%ra%p%ﬂt‘,%a'llb}e o

resul ting. inmagertsh. Séséénvfé\rl’tee@ bl tfun'cbeoﬂr ll@' Nad 104 0dg SRAGE o

~Alternatively |rhlae§eggnq: e acceptuation function can be detélrm ned
inafirst color space an maé’%Ihe NSt cERE uSEMSn FuRriicm applsed - to

transforned to &RFL dhegl cmothepaceaso t ek @R g
“converted. the tn st pg g cti on, i ppI i ed toetrhgﬁl %é’ggﬁ?ﬁg?%é}hcé’?
E% g%@? 3 SYRETS, 1 podct ¢olanelinkar

.space of the inmage.
ordi nary skil | widvexn- ed:l@gnmagethat eit her node is theoretically.equival ent,

but the latter is praf%rrsed so that data' .loss by transformng the inmage
in and out of a' pri mary5 g ﬁﬁ@?“(-ﬁﬁ% the metatical magmtiudge agd t he,

li ke)is ,avoi degachAlddlonghcbmphsdQF Mt i HOS %i?f %‘55%% ﬁg{ggt ri_}lc}gelaor]fl%s‘ﬁaces
In 0 ntRake

-they are. not al S rfect, andsome |oss of
pl-ace V\/nenconverg?lxngg éfﬁﬁsfr%tc&% Spacemces  fht hougfivehhecoror -

10! |nvent |1(5n .capabe eqmwa&@“ﬂlﬁéedi{'eﬁ!l%y ﬁleor(the prlmary color
space) R, B and Y are the color components '-"The
1nventlon selects ‘and adjusts the magn:l.tude of ‘oneor

- more of the colors. as a function of the determ:.ned
| relative magnltudes of each color component The type |

?O‘ and amount of the adjustment 1s a functJ.on ©of . the
relative magn:.tude dlfferences . One or more of the
magn:.t_udes is. adjusted to change  the relatlve

.magnitud,es‘ Typlcally, the difference J.n a subtractive

: color space. (e.q., . CMY (K) ) 1s.between the lowest and
25 middle ‘magnitude color. Also, typlcally, the lowest
.color component is reduced in the subtractlve color
space. In CMY(K )," no adjustment is made ‘if only two
color‘s are present in the aréa Oor pixel pelng
investigated. Black (K) is not considered a color in

30 the initial accentuation step. :

Other objects, advantages and novel features of
the present invention will become apparent from the

following detalled descrlpt.t.on of the invention when

AMENDED SHEET



pace the use of the coI or bI ack in sone coI or space scherres;rleqMNrgg%

speC| al, attent| on. ... ~.~. RYB, the. primary color ,Space, Is. t he i deal
col orspace and will ~be used to explain , the 'concept of
;thel5invention. v . "Since RYBis not present|ly avail abI e'in a

t'ypi'c'al system the invention will be expl ai ned al so with.respect to. CW
and RGB (RGB being used in video' applications and which i s~ also an’
addi tive col or20space). €©W(K) (a subtractivé-color space) is used asthe
color ~ space for. an~ enbodiment of this systenbecause it. is a commonly
used subtractive coPRFideR®. Hoeveaoniveckdos, twimagenea, ddtdiBnying
CWYK' col or spaceha&rgw 1 bl ue. corrponeht operations on magent azg
,~affect two colors (red and blue), not one (rsd)y. TheRGB and, , CWY (Ky
col or spaces have known directmat hematical relationships~to~ ~each. ot her. The -
present system |l ooks a.t -th a of ences bet-ween the' colors and
makes ' the. 3~0correction bRLﬂ bb 8 ' &? P IONARAWINGS: hebl ack, is
not adjusted if the initiqlrd unctison e part f t he
ol EgioPC%V5c§Ebkhg sé% n gcﬁhls

col or per cent age ot hat the gonversion of Kto rCOl O ,
-~ %f qeqent invention can be incorporatedAN 2005 -.6 5 10~

15 20 accurate.. Wen il dder ee gogogﬁb@/g ant.-al |l ual ~~ .
"col or, they are " di rty~~q in color . . c@ dﬁs#’fe%ence ‘%eﬁgrcent age
“bet ween the col ors ', be F¢6HES I%tr@%ra tﬁ?@%aghellmgqowrlewhpeu.ceﬁdiedRYB
primary .col ors bECfQ% eBierdg fan ni.t.ude _val ue col or
conponent of the three col grsm():reat er %l&the corltlon%% i-Bf tfHBC oPREr | two
colors, a path(eI di rti Héesiregrlayiress, lbobvmpne:abaeorlra wme&agﬂei%éﬁ

" contrast, vividnes I resent invention
creates a.higher. ?ce)l S?E gﬁ%ﬁ%&é?&%ha’%&é& egalcgﬁ %I cture or color and
“reduces the effect of Fhauwel 5wes aafcd;rtrmpthraﬂe @O £C RFROBBNLS, p E’%ée| by
pi xel .or ‘area by area. Note that .the accentuati on adj ustment nmay be to one
or nore of the three colors.. A pixel containing. the collection of. values
for. individdd |, Em‘zorLED DESORTIFTIORt SFCTHREDEROMBRYES devpdi RAMEENt age
magni t udes of those coJgl onents In the CI-TY(K) ,Space, tie mew. .
val ue ‘of the mini mumv lp.%eco | 8- §Bhﬁoﬁ§ﬁ?nﬁéoéall§uIdawedobadetfrom @me of
thefollovvlng eq R4S, ( 00% - D-"%~IIN % * %N
where: M N is. thgﬁo%l or c)c():r%%%grﬁ/l( excl uaélJl P8l af é%) 25, B94RVETi x&Reor
- area that has thesytstmmmrﬁtmsltdon'sagenvabueh M&aisidde L or sUBRIReRE DL
(excluding Bl ack, in a pixel or, area that has the m ddl e percentage
“value, ~ ~ "' ~I SNESPaCES- ' '_chroug}i_ . mathematical  color-space

20 transforms

The present lnventlon can be used 1n two nmdes
.In a first mode, an lmage, that is encoded using any
'first color space, is converted into the color
| component magnltudes of a sgecond color space ahd has
25 the accentuation functlon applled in that color space.
The resultlng lmage can be converted back to the
original. color space. Alternatlvely in a second mode,
the accentuation function can be determined in a first
color space and then the accentuation functioh‘ is
30 transformed to any other color space so that an image
need not . be converted--the  transformed function is

- applied to the image in the color space of the image.



7 K, Black) ..in a
A 1:4 JAN 2~5 NAX Is the coI or corrponent (excl udi ng
plxel gr area that has t he maxi mum percentage val ue, and M NNew 1t‘ﬂ%92m5

Iudlng Bl ack;
Ecentuat ed . mi ni num percentage val ue 5 col or conponent (exc

ﬁ) or (b) 9 NNew = ~l 00~% - f (YMD - %N .] ~ %EN where f(MD - I\/IN)
is a modi fying or scaling function. .,. - The nodifying or scaling functlog
f(MD- MN) 10 result ‘nay be set to zero if the difference between MD an

I YM D -
[ mal | . The scaling function f be a constant tines (
. e '?'he nodi f |ng function f(MD - MN) may, also.

' in equation

;mn\/lcrl\l)ea’se?sdegregse or §£{ rFéE'St Hﬁe%\‘&ﬁus nﬂ?@%llﬁﬁpﬂﬁé‘dotfy ¢zt'®1;@5:gggllt$xljince
function of apy1ofrbheqE0LOr ip gonpopgnLs present or e

nggen'gage rel ati onshi prof ?he col oraconponen% ? NSt ead. 5#‘ SRRt kel Hy~t he

' | or conp@@évalent M Mitt ledemthd raap cpéopr@@éw@&ntso arandaQ-_
Immr:u“rar;;nego 20 A g? i be decreased and MAX mcreag/y%gx

m ddl e col or corrpg%%%?bm ‘bf%gggﬁwes behed} Mg e dl n Adrd mmmﬁmtmm&}a

' [ e N C. b thefollovvlngforrrulas:
DUEL ) Chmoimens L0k pSp8ey. RaMEN P SEILERASH! Bhubifyd Dbl hhaigie)
frid (%MD - 9N @vbiyed Nn@WthOU%M htfaﬁﬁé‘rrﬁatserg AL bert%eeln
function or its nﬂ:és' val eEt nodi fi.es one yr nore of the conponent col O

val ues based on tTR"%30°9; ?Feﬁé’ﬁ@@sbet‘%‘s@h fhe ek | alwesys ppeméétagea@lgl or

ai anvert ed ~:
o Srie | eSie o 51688 A RUEE R R aRhal iR Gt ok Bl dRs nghen

wel .- known mat hermthmgnvecsuHE f!erOl’&@Io;EOslﬁl Agai n Mtl.l'gﬁg'}l%%hc' ose

d i an additional adjustnment .to all
Vto the prepry SeS%%venn%%n can be equivalently’ used in any color space,

~ the use of the color black in some color space schemes
'requlres special attentlon '

RYB, the primary color space, is the 1deal colorvl
space and w1ll be used to explaln ‘the concept of the
15 <1nventlon , _ o ‘ .
Slnce RYB is not presently avallable in a typlcal
system, the 1nventlon w1ll be explained also w1th4‘
respect ' to cMY ,and RGB (RGB being used - in video
'applications and which is also an addltlve color |
o ) 20 space) . CMY(K) (a subtractlve color space) is used as
| the color space for - an- embodiment of this ‘8ystem
because it is a commonly used Subtractive ‘color space.
However, because the magenta in the CMYK color space
has a small blue. component 'operat;ons on magenta .
25 ~ affect two colors (red and blue), not one (fed).b The
RGB and CMY(K) color spaces have known - direct
mathematical telationships'to'each.otheri -
| The present sYStem' locks. at +the relative
" differences between' the 'colors and makes the
30 correction based on a function. In CMYK, X, the
black, is not adjusted in the initial function. But
' black still must be ‘part of the color percentage, so

that the convers:.on of CMYK to another color space is

AMF SRR L ot o



. ..imge 1.0, as imge 12., on a-

. val ues out

intensity coI 0k 18R Ul dbripin&. %‘ﬁ”ﬂﬁg

~of the- i mage |3 &® by cakea . sepastad 0fh2d . + 1B E a¢RlRl at.ar,
~mini'mum of . t hr.gf s( E%l Q_?s and in this exa tI e, a%ugtg%%gr%s%gﬁﬂgﬁg gﬂtt he

5 conponents then takes place, dependent ‘up'on the initi aI armunt 3dj y ﬁ%d%t
. thatoccurs. Al conponents of pixels or areas can be nodified once the

function has been cal cul ated for such pixels or areas in order to maintain
the original brightness or to nodify the 10~ brightness of the image. w. In
general, scaling functions of any type, 'including non-linear functions for

.exanpl e .a quadratic, | ogarl thmc or expongnti al function or a conbination

of the three, may be applied to equations®15 (a) - (f) based on any:
conbi nati on of £l 01 onent val ue s. Sorre ci rcunstances may require
that nmore or | e"’gs‘;ts}’Rl Scali néﬂbr%t %'n"' f%‘t‘e&ﬁ?&loé”s ﬁdelagaJMtwntham?pect to
equation (b). HYwlapji eslakso tt geqa@él @agrg ) - lr{ c% 20 Accent uation
may be equi val eﬂtflf)égperformed based on | ookup fabl es. hew ‘ol Bl
conponent val ues aré -y SGet ¥t nPREASRAFAL éﬁlih'getlr itdeor ¢gll sued set&aes
conponent val udsrgert hase imdhe-t e new col or_ conponent
f % tabl e for. ét'hat Iﬁ% gg c%rrp{:)%%ﬁ sBfiM¥hefoteres and
functions c S5PPes UBPEE hadomi neye ton’élse aribwetthe magdeudeduyd, o | ow
H}% goallfor color ~. accentuation
can be changed thfough scal ing functions 30 to -CFdr CERaRPPe, imnitHain a
particul ar col 6PEP1geFLpRsshanetieke tworm:odhmsen &qb@épelbrag{nttﬁ{ gy rore

intense or to brhgratdy sb enépgtseogol ors b\ésL an si'ng or. decreay] ng one

primary col or more t t han anot &°EE a9 Ke‘sp@tfttltaﬁtAl\/ENh:

i v vivide €SS ~+OFAN FROG®ived’ &rﬂa}pté@[uatloq-ge(b&)res o
F| gure 1 iglof usiﬁ\a&e@ C roces ikn system 20 for reproducing a coI or
i CRrha 138 192k sCop§raspri rﬁthampeprr,ocess
then nedia 14 ¢]seem (ﬂ)}centre)mmkucm}brt fwldprﬁéaidc@; |t§160eerfff% rgeg_F §;18|t S a
h

display like & Vi Si : hen medi a 14|sad|spla ol or.
processing syst%‘%zgodf;e%g? gflf‘lf/e‘? IfeCoqPonent® piseildbyg pimplt osi gnal s

rovi des a

&S| Sﬁaf“"’p’?o%%s"s%? tiEr e erplmvi des -appr opriate

si gnal processo

' drlve SI gfhél s to, p%]pﬁt@lScﬁﬁt&ihiﬁgrghe COllectlon of. Values for

o individual- color components':can be analyzed -in

percentage magnltudes of - those color components

| In
the CMY(K)

space, the new value of the mlnlmum-value
_«color component is calculated based on one’ of the
20 »follow1ng equatlons

(2)  $MINgew = [190% - ($MID - MIN)%] * SMIN
where: ‘ o ' ' | |

. MIN is the color component (excludlng Black K)
25. in a pixel or area that has the mlnlmum percentage
- value; ' '

- MID is the color component (excludlng Black ‘K) -

in a pixel or area that has the middle percentage
value, ‘ ' : :



28 dependrng upon whether it ,is a prrnter or a light projector. Four
prolectoxs/prrrrters are shomn but other proj~ectox or printers héyJﬁezmﬁed
dependrng upon t he nunber of colors being processed. For exanple, ,it could
be a three color additive system a four color 20 separation systen1 or a
six col or. system The -col or processing system 20 can be thought of as a
combi nati on of conmponents to process the color_ signal.. For exanple, The
| ens 22 woul d introduce a color imge to a color encodi ng system 24 that
color 2'S separates a pixel into col or conponents for a given col or space.
The encoded image i nf or md¥¥oisi §hpr ssdaredomporest ghatclptioress0B126xh hat
applies scaling fun n h t affect t.he col or accentuation and al so
applres col or. spaceq%rg g%%r%a T onss? Uaﬁﬁ:gﬁi éP#&ﬁm@fPeﬁeenggel qMVE~
a., ,., . ,vatue,)and - - ~~ 1 ~ JAN . Z005 -10 processing, the
|nage |nfornat|on IS transferred to the prorector/prrnter 28 to reconbi ne
col or conponents throughMeNkhetsathegmmcenmnanﬁd(anumMm @@m@bhagggysgggb or

ot her reconbi na to formth processed ima 12. The col or

accent uati on ofqihggégggeﬁ? ?@R?ﬁﬁif%ﬁﬁﬁq§ﬁﬁ5| Blacke gﬂgnal processor - 26.
The signal processopr26 maybe part of the original canmera or scanner and/or
‘may be in the signal processor 26 for 10" .the projector or printer. The

si gnal processor 26 may KB) p. &MINgi & (eMdte tthEMIw t-hemim)ays shagk

prerecorded video ne ia o ocesses video signals received by the device.
The si gnal processoV o6° néggﬁ%dfﬁﬁes Wl B- RREMAYINgnar eerlied i Hmamiidmar e

modi fied 15 to |ncorpora§§et$63fff¥ﬁ§: 7 @%%ﬂ&h%ggunzgsggtgzﬁgﬁopﬁ%ﬂgﬁprglI

be descrrbed with respect to a four- or sepa ron

CWK Wi th the BOi ncreswekt appt ibealsle¢ to etber i£othe SEPREAsAMNDdRldidi N
the color formats ~and. pol ar, 20 col or spaces, LCH, HLS, YUV, HSV, HLS
and ClE-, LUV. -Sone tHES Isg/sfel’ﬁ?réfeél“af\ith 'Hfl?fw@h;ngoﬁumtofomtfemelyf)

saturation (S?, | UNBaANCR L ahi-ORE B §s Y) d chrom nance or the
di fference of a thr eecorrponer?t col org Qéf%?n U%M@\)?) ' St Lfrréﬁ%’r"f‘tilg”% Halzs

degree of col or |nfkhﬁnqulfﬁuagr§uabsmoknﬁmm1Bs—tMEN) may. also increase,
' decrease or change the adjustment smgnlfled by the
15 dlfference as a function of any of the color
components present or the specific percentage»
relationship. of the color cOmponehﬁs
Instead of decreas1ng the minimum color component
' }-'1 o MIN the maximum color component MAX may be lncreased
20 Also, both MIN may be decreased and MAX lncreased.
The middle color compqhent MID.may.also be adjusted.
All adjustments are a funetion of Ehe difference MID -

MIN as reflected by the following formulas:

25 (d)  ¥MAXney = SMAX * fuu (SMID - $MIN)
(e) %MIDpey = ¥MID * Fpyg ($MID - $MIN)
(f) %MINnew'

YMIN * fo, (SMID - SMIN)
The function or its equivalent modifies one or
more of the component color values based on the
3Q difference between the two lowest percentage color

component values. Thls can be algebraically converted

A F’..‘:ND‘EﬁSHEE'r



nare of the col or and Ium nance is the degree of |'i ght/dark of the color.
In Figure.2, note that any color on the outside of the .wheel is W yighy 2005
and/ or pure.. Any color on the 30 outside of the wheel is either one

pri mary col or or conbi nations of two primary, colors, as in a rainbow |If
any anount of a third primary color is added to the outside of the wheel,
the color starts becomng . ~ ~~~1ENDED SNc~ i ~ 14 JAN 2005 -11 dirty,
less vivid, and moves into the interior o~ the Wieel.' As it appr oaches

.the center, it becoggsdir a brown, dependl n on its component
colors. .' Eventually, agklth g%l%?f%%n?ﬁﬁtceen sdé‘ﬁcé'ﬁtlggeeowecmehenamm

and near equal, the cohoerbgenges dirty gray which is the center of the
wheel . The Figure 3 wheel is the 100% slice through a .; solid color :
cylinder ("color pipe")’ Iﬂhéréﬁrfe@en@inmmtbmcgﬁtab@% Emeséhggetﬂéllg%y

colors Red, Yellow Ap gggg ced.alon e circunferencs
slice of the color cyl cl)nder&d ang | i | 8 ﬁgllpgagrSH?B%m%t&fe akhdadfort he

cylinder to 100%at €¢rePoRéRES crithn Fﬁaglersepia&bowﬁepeﬁﬁéﬁ@p&ﬁ@l{ Miew of . the

color pipe. . 15 They t haq on t he col.or pipe signifies the
maxi mum val ue of any Igjfeéf'ﬁf tq‘ﬁ"ﬁ‘é‘} IHEFFERE| BRet %%‘érsi f Aedd dampidrent s

maxi mum col or at 80%¢f tiexelod arr whreals wanl Hebgod hei &9%niba8l. (E‘LFH}% (r:g![ gr

pi pe. The represent i d the wheel are 20 to.
the principles fundggréeér)lthzt e‘}{ catI1 ug @ﬁéeEPFoﬁudToP“Eﬁel%rPJt Heremst sinderdirt he
col or wheel, one coltutr meelnteE natht00%i §ohad bLAYASId & cﬂ{ dd 91% ‘?Lf% tg.ﬁ 0" %

second col or ‘may 4 be erc nt age but the third
Any -wl ti -conponent gg} 25 EohFaF®s nore than two of the primaries

Red, “Yel | ow, Bl ue rrust berrd @matlhescgghgé Bi.REE 1or?é‘dof‘°%tn oq: t he surface.

The colors within the cil rcl e appear Htg havi-ng tones SWT ‘and gray.
- MENDED SH-~: 2 udg ng ngm—brnear ynctions for example a

quadratlc, logarithmic or exponential functlon or a

comblnatlon of the three, may be applied to equatlons
15 (a) - (f) based on any comblnatlon of the color
component values. Some clrcumstances may require that
more or less. scaling occur,'for'example, as discussed
with respect to equation (b). This applies also to
equations (d)- (f).
20 ‘Accentuation may be equlvalently performed based
on lookup tables. The new color component values are
H.determlned by matchlng -tHe original color component
f values to those in the table and reading the new color
component values out of the table for that.color
25 component set.

Other rules and functions can apply such that
some tones and. other muddy, dull or low intensity
colors would not be changed. The goal for color
accentuatlon can be changed through scaling functlons

30 to, for example malntaln a particular colors’
cullness and make some chosen colors brighter or more
intense or to literaily change some colors by
increasing or decreasing one primary color more than

another. As was discussed with respect to

AMEN 5 <
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A scaling function.Sl is shown which increases between the center and the
outsi'de of the wheel: This Function increasingly reduces the cont n-il,bg;\,'q%a
of the mnimumthird color as that third color géets closer to 5 the outside
of the wheel. A set of scaling function adjustnents 52,, S3 and S4 are al so
shown. They illustrate that the scaling function varies as the col or noves
fromdirty, for exanple, toward pure. S2 shows adjustnent for an original
color close to a pure 10 color. S3 and S4 show-=additional snmaller
adjustnents,., The arrows show the adjustnent of the value of the color
conmponents using a SEEAGREuARLT6A) that nodifies the total col or conponent

val ues so that the total . h ut side vivid portion, of
15 the circle. The scali rfg%i‘ug%c??\égi}%eﬁg%g% %ng%f?l? HEFESS 1h8t RKERSROPEY

conponent val ues.. Te kepgbluoinghe edYow ingRfee 3Nt st heab8 851 VE, 5

adj ust ment “for one exam;l e scaling function. The ampunt of “accentuation .
relates directly to"FHé%artow Henlghhs fit PEuingting pebcassenthat imedia The
- closer a color iss tguthe grouiside of the wheel, the nore it is_accentuated
towards a vivid pure col or %né éej(idatouc{%i e‘lc\g\'ﬁ‘,{]e"‘?’ﬁep\fﬁé‘éﬁlgsf-? Epriagethd S4
are shown as radii 3Ente’ she o WSt it21@k180bLY Bgecﬁf"' ary SGPTRONent .
| f changes _ are' made,to nore than one col or conponent, the’ résultmay Thot
be a radii as shownlBy %52 HeiRIfN ng B¢ CdokupTorensiidi syseanmde scal i ng
function SS shows gﬂéygp]" Fg j 1 favaori one of .. n ~t ~ . ~~—r'-~
S~~~ X ~U~~ Wp r s i 4 aﬁdT ggég %~a0§/eﬁ228 RERY 950/ Dyt 15 igrs ishe.
primary col ors. TheoScihe nigndgenqld e @ar@oqagnggpgga@gy £ _rrenlsdeo%oil%rt he
col or; pipe. A scaling function may al so be used which noves ™

circtnferenti atly aPtPTFRLRfeR4 REOYVédes er mhnémud Fhi shyesl eblicesulainddy n
changing two of the.threg coliars.. The color pipe and wheel al so have a
fourth di mensjon ofiltl i tel ‘é%k fﬁgf gﬁgﬁﬁ)?93ﬁ%1?oﬁﬁt¢P?ﬁﬁﬁ§¥ﬁlon adds
anounts of white orpid@Emdedz0 Jdei.ghtreie =9ndar kesddid b ay ol or on .the

pi pe/ wheel by 10 degrees of col orless g?ay (%I ac%'él nt o whi %é’) .Ejr%’éde,s

pi pe/ wheel di nensi FARPTARE18ES, dydVRoRighilie, tarprdy eanded xt beigxamsl e

[ in Figue: Ad CMYK col t ~th i ginal I [
i1lustrated in Fouyg 4dabaile QUK GRLER.2YR! 0 e o0l nal val ue i's

15 projector.‘

| Four projectors/printers are'shown but other
projector or printers may be used depending upoh‘the
number of col.o:;s being procéséed. For example, it
‘{) : - could be a three color additive system, a four color
20 separationusystem, or a six color system.
' The color processing system 20 Cah'be thought of
as a combination of components to process the color
signal. Fo; example, The lens 22 would introduce a
color image to a color Encoding SYStem 24 that color
25 separates-a pixel iﬁto color ¢5mp0nents £6r a given |
color space. The encoded image information ié -
presentéd to a signal processor 26 that applies
scaling functions that affect the color accentuatibn

and also applies color space transformétions. Upon

30 completion of the signal

PN -
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15, one. col st as a percentage of saturation for each of the conponent
colors. Black or K has not been shown for sake of clarity .since it 4 9a0%%5
used 'to deternine the adj ustment nor is it adjusted. During the next phase
in Figure 4, for exanple, the 20 accentuated/ adj-usted nunbers are shown in
the thi rd‘col um, - and the | ast colum shows the percentage of accentuation.
In this exanple, the difference between the m_ ddl_e and | owest. col or
magnitude is taken and this difference is the accentuation 2.5 percentage

factor. For exanple, np lin functlon for colar 0001 having
C=90, M:1Q V=10, théW d.ffs%rghéetggt\%@% rf’sm’zésotéﬁéllstfﬁer’féﬁote ,

there is zero percentth@d]plm‘onsnorz’priﬂn'eei'mstio récombine color compo en s

i 't ~+ JAN Z00%y rl:g\ QE @I t%n%?ﬁ)vel ‘since both M and % arv
'C, both.Mand Y maybe Fedaced Y 485 Ghe 181 rinbdrghavi ng
C=90, M:=20, Y=10, theysitker oncethet weerods AnthtY retnbd-$Q EBgmtgﬁéd color ¥
5 is reduced by % 0, ni ne._For. the col or 0306, C=5 0, Y=80

Q
beconme C=50, M=l E%BCE?HS diFRES etee bet ween Cand.Mis 30 and therefore

there is a 30%reduction Thet BelboVESEe REILETN RS Ct@ie%r'é_lge é
col or. 0065, the per cent gge$ are G-90, M=70, 1.0 Y=27. "The Eﬁ fFe eﬁ
between M the ni ddl-&°8 ¢ 1nfhe signae HreResSSoE0R6r, ThedSigsal Y now

‘becomes 14. Thus; thgrd de:’éédzfleﬁss deics r&0ler has b, "
appr oxi mat el y half usi &%hl s f ncét%f on. p-l%hl S systemorgrggﬁﬁggc %m%%a nvert ed

to any~other col or sySTERTHYAAE WndWry ESniar shensighalt hropeesent26Eiem
no specific col oo i stré] st t olors is the one
that is adjusted dommr%ﬁéﬁ&n%&unhltgﬁlhqr%?s s’i\f—l Qiﬁoar‘ﬁsfwcﬁ ibieand azw
that grays, browns aPR BREE &5 ad@lervxze thet etnahge playshsage dddt | e. Wen
the color is gray br 0%.f a and yel | ow;
o AR s A0 B8 alee PERTL & Bibien ¢ he

there is no accentuation because theré are
mi ni mum col or per cerfeRRisVedAyhsbgh defiécexanPhe & SgBdDVIE A JRFUGINGatNe 25

e oo ey o P Wi KRR DR ER) S ETRE S L8 20 R
conbi nati on wi t 3| oW iimgarperhbreshe present hinvdmitian col or can be rai sed.
All - of these reduce the QﬁL@%ﬁes%nt method will be described with respect
to a four-color separation system, for example, CMYK :
w1th the principles appllcable to other color
separations lncludlng the color formats RGB and pOler
.20 color spaces LCH, HLS, YUV, HSV, HLS and CIE- iUV
Some of these systems deal with different forms of hue'
(H) , saturation (S), lumlnance or lightness (L, Y),
- "and chrom;nance (C) or the difference of a three-
component color system (U, V).“ Saturation is the
25 degree ef color intensity‘ Hue is also known as the
name of the color and luminance is the degree of |
llght/dark of the color.
In Figure 2, note that'any color on the outside
of the wheel is vivid-end/or pure.‘ Any color on the -
30 outside of the wheel is either one primary color or
combinations of two primary colors, as in a rainbow.
If any amount of a third‘primary color is added to the

outside of the wheel, the color starts becoming

PMENDED i



30 contrlbutlon of the thlrd or lowest color. ' A ~ ";i~,;, ;C~ C~a~~l ~
- J1L. . . . S -15 5 10 15 4 JAN 2005 As preV|ou51y'JAN2mE
nentloned there are certain combinations which could or could not be
changed. For exanple, for color C=250, Y=60.and. M55, the Y and. M
conponents differ by only five percent. This color would not. becomne
substantially nore intense.or vivid by lowering 55 by the five percent
~using these methods. Thus, this color coulderfmin in its present state by
setting the scaling function result to zero. Al so, dependi ng uponyt he

order, of the percé?ﬁ‘a"@e ess Wévééi'oﬁnérmeYﬁ%rlre‘moﬁfh%olrxpmmmr of the

infornation,. t he g&? ng fa i dj flcatlo the n rica
difference of the m dﬁ}le an%nﬁtgmggf)%éfggﬁt%gée) é?n%%lf ort %ﬁf Lséne

di scussed with resnﬁﬁiytdr(bﬁ¢@hlOa&péhﬁlﬁé)enTIEbFﬂddﬁﬁﬁédﬁﬂdafér@ave ;

di fferent degrees of dirtiness. Blue contributes nore dirtiness. than red

whi ch contri butes rﬁﬁQFQHﬁﬁiyyeEﬁoﬁhﬁoﬁoeﬁén@¢mponéﬂﬂnPeﬁcdnuﬁgaasbehembomest
' yell ow

per cent age coIo ent 4 t wi |l bhe,reduce than if_red or .

was the | owest percent ggkboPS?rc8ﬁ38ﬁen€h 3Rinﬁeﬁ%$ﬁﬂ9q UrFdr SEGY¥d in the.
-art that equations whiddesel kbengefigbeubat Sy HdL 1 gi ven col or space nay be
transforned al gebraically into different but functionally -equivalent

cal culations in a differds Figuze Spabeelsingthel10khoviniqmitiematgical 25

transformati ons su he results a e bstantb IIy equi val ent. . For
exanpl e, the pract%@?é@gr ?n t ie é?% 5?% A0S FYT g&ﬁ&tPSn (b)

whi.ch is. defined Mﬁhc%seoh8a§n§uéhéa@ﬁtéEBﬁ%ld&ffﬂﬁ%%%r@eRQd FXO can be
transforned for use in 30 an_additive color space (e.g. V :
for “exanpl e: ANMENLBlue, equally, @paced along the’ c1rcumference  The
' slice of the color cylinder ranges in intensity from
0%_aﬁ'one‘end of the cylinder_to_loo% at the ether
end. Figure S5 shows a conceptual view of the coler
pipe. L | -
15 The percentage shown an the‘eolor pipe signifies
the maximum value of any of the three primary colors.
Thus, if Red is the maximum color at 80%, the color
wheel ‘would be the 80% ~wheel of the.color pipe.-
: Q}" , - "~ The representatlons of the pipe and the wheel are’
20 to. illustrate the pr1nc1ples fundamental to this
invention. To be on the outside  of the ‘color wheel,
one color may be at 100% for a 100% slice of Figure 3,
a second color may be at any pefcéntage, but the thifdb
color must be at 0%. Any multi-component color which
25 contains more than two of the primaries'RQd, Yellow,
Blue must be inside the “color pipe”, and not on the
surface. The ddlore within the circle appear dirty,

having tones of brown and gray.

AMENDED S5+



2.4 SAN 2005 -16 (g) %AXNew = %MAXoia + f ( %vAXola-%M Doia) % ( 10 0 % -
%VIAX0i a )-'I'n this.exanple, -the algebraic transformation of the equIatJAgnzmq
froma subtractive space to wn additive 5 space converts the conpari son of
fhe two mni num col or ,~ conponent magnitudes to exan ning the nmagnitudes
of the two maxi nmum col or conponents and scaling the color conponent val ues
based on the difference between the maxi num and ni ddl e val ues of the three
color 1O . conponents. In other words, the pr&titioner of ordinary skill
w || recognize that |owering the nagnitude of the m ninumcolor in, CWK is
t he equi val ent of raisind tseelimgniftindbioh She’-'smhbwnnwhbd:lmrincr%§pace.
15 Thus, the equatiQns_ can generalized for the . subtractive col or
space~as: (h) %M NNgWst BNE%F V&f' r-f"f\ﬁ‘ﬂl Ch SUSPARE POFERDI Wo8% Noi ajhis
(M Nol a~ M Doi a~ M’Q‘u@a)ctﬁoﬁ”@nf:?éa&tﬁg%ﬂdrédd@esc@h‘ércéH@Efb@?lor? O (s )
%vAXNew, M:-DNew. M NNew = ‘ ol a~

M Dol a, ‘M Nol a) . nithdmpmesbardsysiemas watsitdrddcalonl get aorkbsdamtton

system not a color correcti stem al t hough |t |s expected that this
process can beco%re 5%?5°HEW§Fn‘a of e drfteor FeSEtoR?t %ﬂ-ﬂ-n%o@%ré%‘%‘r‘ﬁh

|mplfes that the {ogbguBtiBhed 8 sehayed £ o shSsha SCUftky 0 be

identical to the origrnal inage. hé present net ho or syste S used t he
anpl itude of the collduﬁ.uSOaptDaenhsta*shé hecglamaneEect i on 30abbedreas wWied and

adjusted. Qther paraneters of the systemmy be used for the_ relative
measur es. and adj ust fEAPT TRESS cHEPH FHctHrd %n?xéﬂpéﬁio‘%oweh’ﬂ% PUWER ur &ai on,

| umi. nence chr oni naeﬁswsfgayés%e@@yf@} el 0419802808518} - c1ose -t & ENRER ~

lQ _ color 83 and S, show addltlonal smaller adjustments
The arrows show the adjustment of the value of
the color components using a scaling function that
'modlfles the total color component values so that the
total color moves towards.the outside vivid portion of
15 the clrcle ‘The scallng functlon is based on '
differences between color component values. The length
of the arrow represents the relatlve adjustment for
one example scallng funct:l.on The amount of
‘ accentuatlon relates directly to the arrow length for 1
20 that pixel accentuation. 'The closer a color is to the
”'outside of the wheel, the more it is accentuated
towardsva vivid pure color on the outside of the
wheel. |
S;, 8z, 83 and 34 are shown as radii since the
25 adjustment is of only one color component. If changes
are made to more than one color component, the result-
may not be a radii as shown by S;, depending on the
function. This example scaling function Ss shows a

curved adjustment favoring one of

o CMENOED SHEET



t ~,!"N 2005 -16a Although the present invention has been descri bed and
illustrated in detail, it is to be clearly understood that the shreJAN 2805
way of il¢sdafdsdeon and _ exanple only,, and is not to be bakRRoDYse¥RY Of 5
limtation. The.spirit and scope. of the present invention are to be
limted only by the terns of the. appended. - . _ ... ,~ ;E .~rD SHE 14
JAN 2005 -17 WHAT IS CLAIMED: 1. A nethod of3zcol or accentuation in a col or
processing system conprising: determning the relative nmagnitude of each
col or conponent ofna gekRbr§eRINILN Thed ¥R ITHY FHindtAlor? SMbdhasHev e

col or space, the difference of the magnitude of a m ddl e col or conponent to

a | owest col or coipoeept ddménsfion dm the .opldr addgid. Ve szalldmgspace, the

difference of the magnitude of a highest col or conponent to a mddle color
‘conmponent ; and sefBBELAgRaRGYadlEst by U

ged |
col or conponents as a function qf the determ ned.difference of the mddle
“col or, C(r)rprrponent ?6rFH@%F5\fé’3'ﬁa§'&lyan§€ﬁ%’c?ﬁ]§ﬁs 31 190 sty ve col or.
space and as a f ugglioncah ol hediakeiy Redlerapr o Ol hidnest col or
m rt Itive co

ie¥E=f one or nore of the

conponent to the. dl'e col or conporient e ad or space. 2. A

met hod according ¢elekai.m Theweiein dife afidsiHell 1SR b @xdrdto the
rel ati ve magnitude of the difference. 3. A nethod according to claiml,

wher ei n t he nagni ditensfionhe fcethdrteddipokenindts sidjwipt-ed The [Eourtthe
magni tude differegee n21300%ad Htatd U White & black to lighten
“or darken/dull any color on the pipe/wheel by
10 degrees of colorless gray (black into white). The
pipe/wheel dimensions are red, yellow, blue, and
black. |
In the example illustrated in Figure 4 for the
CMYK color system, the original value is shown in
15 one column as a percentage of saturation for each of
the component colors. Black or K has not been shown
for sake of clarity since it is not used to
determine the adjuétment nor is it adjusted. During
the next phase in Figure 4, for example, the
20 accentuated/adjusted numbers are shown in the third
column and the last column shows the percentagé of
accentuation. In this example, the difference
between the middle and lowest color magnitude is
_taken and this difference is the accentuation
25 percentage factor.
For example, with a simple % scaling function
for color 0001 having C=90, M=10, ¥=10, the
difference between M and Y is zero and therefore

there is zero percent adjustment to the lowest



4 A nethod accordlng to cIa|n11 mhereln for the subtrdctive col or space,
conmponent is used for the selecting anal adjust?ﬁgJAN 2005

t he Iomest col or

~~AF~u~=
hi ghest col or . conponent

p SHEET

t 4 JAN 2005 -18 and for the additive col or space, the

the rel ative magni tude between the highest a
conmponent.. 6: A

determ ni ng steps at C’trran
second color space pafttei @ adiet bBOrshEPed Tend

met hod accordlng to claim1l,

is used for the sel ecti-ng ‘and adlustlng . S. A
met hod according to claim 1, wherein the magnitude is adjusted to increase

|l owest magni tude col or
lerein the col or conponent's

: ﬁg econd col or space before the
are transl ated from flrs§‘ a%&gﬁfylnto as

1, including transfornmng the detérmning steps a

perform ng the.

n the first _color

according to cl ai mit

9. A nethod acosr diiagkaycla ggllowhefﬁnlér@om%esw& R ged on an

area basis. 10.

-a signal

si gnal .

f 4 ,JAN 2005 -19

si gnal

A met hod according to

aim1l
processor 0308, A—GOIoM—poocessmrmpdqmﬁeﬂnﬁaM'Mamaelwgug | NpHE

for an i mgqe to be di splayed in col or

processor:

si gnal s;

10

15

20

25

30

o BhRCerhotsh MAMt L eHEEY. Srom't he

RSB g Pana

~adjusting step froma sdsondieolcglcspace2t barifgretocplos2Epaca o Altle

space. . 8. A met hod

d t
et tlngpziegﬁﬁgeﬁPo@e§% 4% Poridrifedhn Bisreploasks.

e procéss’is Pformed on

M-""'n~:." 1 (~i arr-T

hEE §§§P€ﬁ1PﬁEwaﬁvnﬁ %P%.%uﬁﬂ'3§F@@@b§@ﬁraﬁérahghera t he

- 15885 ¥8S BRI 5N Ofn GAUON SRRY YRt IT EQfor ”ﬁ“t

- For the color 0065, the percentageS'are C= 90 - M=70,

¥=27. The difference between M, the mlddle color,.and

' Y, thg lowest color, is 43,

so Y now becomes 14.

Thus, the “dirtiness” of this color has reduced by

approximately half'using this function. This system

method can be converted to any-other color system by

known convers:.ons

'In the present syétem, no specific cblof is

_adjusted{'but the lowest of three colors is the one -

that is adjusted downward in magnitude. This system

works in such a way that grays, browns and pastels do

not change or change little.

When the color is gray-

brown, for example, 76%'for cyan, mégenta and yellow,

there is no accentuation because there are not

‘differences between the minimum color percentages.

- Although the example is shown as reducing the

percentage of the lowest color,

components may also bé adjusted.

the other color

For example, the - -

highest may be increased by itself or in combination

with lowering the lowest.

Also,

the middle. color can

‘be raised. All of these reduce the effect or

contribution of the third or lowest color.

A S d.".C‘ﬁ OLJP
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determ nes, for a subtractive or an. additive color space the relative

- magni tude. of each col or of the color separation; determnes, for frhe JAN 2005
subt.ractive col or space, the difference of the negnitude of a middle color
conponent to a | owest col or conponent and, .for- the additive color space,
the difference of the magnitude of a highest color conponent to a niddle
col or conponent; and sel ects and adjusts the nggni tude of one or nore of
the col or conponents as a function of the determ ned difference of the

m ddl e col or component to,the Iowestl col or_.o on% t for the subtractive
col of space and as a functf oREBY-IHE %é?eé}trﬁoﬁ‘g%'di FEPAER BFLEI hi ghest

col or conponent to t8empikkl o6 1o YRAREBL £6%1 4 Neoadl tdp | or

- space. . 12. A system according to claim1l, wherein tclzle adjduhsat%rcr{e%(r%t' igor :

proportional to the exdmpleae frayridlede GH25Per ¥n6e. add. M4S Sy sitmmvaaaar s Ng

to claim1l, wherein_the magnitude of the col %'r,s‘ is adjusted only if the'
d

magni t ude difference®?® P & e MPR¥dEv%e uReraent A ShsseReaesor di ng
~to claim1l, whegei i : e, t Lqr . ~
(5%l a1, el oo e bbipa el e, IR EOLE

sel ecting and adj ustbhynglewakinpsst vy &thei five petodntspasimg tthedhi ghest
color . conponent.is used for the~selecting and adjusting. 15. A system
according to claimlITe ei TYfe A4S €8 @ri'gc"fa&)‘%l USRRRLT 31 iEFeRsesent

rel ati ve magnitude , I4 : - ]  t + v COlor.
16: A system accor'd?ﬁ%é,ﬁ%gf%?rﬁall%gé\%ﬁgr g?%l%ﬁ%e%%%%%ggs%r&%?%ﬁs@t &5 Phe
col wr. conponents from a fA¥sd, cepeEndipecapont cha sedendofaly peeeathgkore
the determnations and translated back to the first col or space fromfthe
subtractive col of spﬁ%ﬁéﬂﬁ Colorheragfthernentor QOF?P%%tI@&a‘@ééiqnngthg

LT i b2 SRR Lol S ACT A B ety o ane
perform ng the adj ustumentican BHEfkireate" of €lod afiiddlacandl8.owlhssyst em
according to claim1l, wherein the pr ocessor operates on a pixel basis.
percentage of color components, as discussed with
respect to equations (b)-(£). The primary coiors have
15 different degrees of dirtiness. Blue contributes more
dirtiness than red which contributes more than yellow;
for.exampleQ Thus if blue is the lowest ?ercentaée
- color component it will be reduced more thén_if red or
] C yéllow was the léwest percentage colérvcomponent¢
20 . It is well understood in the art that equations
"describing calcula;ioné in a given color space may be
transformed a;gebraically into differént but
functionally equivalent calculations in a different
_color space using well-known mathematical H
25 transformations such that the results are
substantially equiQalenth For example, the
practitioner in the art will recognize that the
equation (b) which is defined for use in a subtractive
color space (e.g. CMYK), can be transformed for use in

30 an additive color space (e.g. RGB) as follows, for

example:
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19. A systemaccording to claim11l, wherein the processor operat es ,on '\?r}
area basis. 20. A systemaccording to claim1l, wherein the col or JAN" 2005
processing system is one of a canera, video recorder, optical scanner and
printer. .. _ |!~MF~,~7ED..SHEET '~'" ~ JAN 2Q05 -21 21. A system
according to claim 11, wherein the w col or er%c_essi ng systemis one of an
i mge display, a video display and a printer.”". 22) A nmethod of col or
accentuation of a color'' inage made up of areas,, encoded _in col or
space, the nethod conpri sf%g: %’.WNW = §¥PEewi hgf{ BMBX e 14/ %e*r'ragni t ude
of each col or conmpopegds of Mg, g9l.or space; and changing the nagnitude of
col or conponents in each area in accordance with a pre-determ ned scaling
function applied to the HetEtieexamde cshgoreaebrasdci Fepntiamagdon of

The sealtng funce: cPPREARLE B S ILELAGLITe ORANY, anl'a8RED: B 2
conponent to th& | cagase cimertsmibee compariaonsobt the tiwe misiounsgateror

on-a difference of | ghest l_or. _cogpo ‘. i dd] r
conponent !, f,ox_,ané%a%}{%\}e‘%ggﬁgftﬁgﬁécggf %rﬁgﬁe‘é}é}gn%%én%n%%ggrgm?ﬁod
according to C ai mthertwk? masiemum wollbe ragpotedesiandidjasmitiey thengodor
scaling function sel ected from.the group of |jinear_.and nonlinear functions
~and havi ng variableﬁ?$9ﬁﬂ?ﬂﬁrﬁ?%ﬁ%§ gﬁffgrgﬂcéhﬁf&fﬁ e$ﬁQﬁﬁ(§%§¥F8P.g§ﬁponent
.to the | owest col aiaxoipongid rfiddlleheasubkr 8€t the tlotew =ylaze and the
difference of the highest color conponent tg the mddl e cal or cogponent. for
the additive cdéPor %@%RRPGH&%V;4FDnREL r_woydg, LRe pyactitigner of — _

t JAN 2005 -22 24. Jheisasst eRiaaceridiingeteghhaemidt vhed€iny the magnitude
is adjusted using a scaling.function selected_fromthe group of |inear: and
non-linear functi oSt iqly ther MABLBY™ ReLodi #g @W@gd‘i’f f&€ence of the,

i ddl e col or conpongfti¢0rdddie dp%atsiﬁg! SheCRABANEREe OF dilte masthibact i ve
col or space and the difference of the highest color conponent to.the mddle

col or conponent force¥Rr aliRGE, &P@S€r space. 25'. The systemof Caimll,
wherein the coh@r . procggss NGy ERM SNt bedgBherdEradladbitgRo medi a
- | subtractive colorﬁspace~as:v' h ‘
(h)  $MINgew, MIDyew, MAXwew = furv, wp, wax ( (¥MIDoyq-
$MINoia) , (MINp1a, MIDora, -MAXo1a)) | |
aﬁd for the additive color space as:
20 (i) %MAXyew, MIDyew, MINwew = fuax, wio, uw( (¥MAXora-
‘%MIDoya) , (MAXoia, MIDora, MINowa)) .

The>present system'is considered a color
accentuation system, not a color correction systém}
although it is expected that*thiS“pfocess can become a

.25 new kind of color correction. Color correction
implies that the to be printed or dispiayed color is
corrected to be.identical to the original image.

The present method or system has used the
amplitudé of the color components.as the parémeter to

30 be measured and adjusted. Other parameters of the
system maY'be used for the relative measures and
adjustment. They could include any of color, hue,
saturation, luminance, chrominance; focus or any other

- video control.
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1 or 22 to inputted video signals. 29. The met

| colors to adjust the brightness. M-~D~D C .
-23 31. The 'nethod BReeFsreRdtthall 4ihe Bame 22 bycwadi of ildaditngttibe and

pl ayback device or a video signal. processing device. '26. , A video nedia
pl ayback device that applies the nethod according to Claim1l or 2R4tgN 2005
inputted video data. 27. A video nedia playback device that applies .the
met hod according to Claiml or 22 to video data read .from nedia. 28. A
vi deo. signal processing device that applies tHe met hod according to Caim
8d according to daim1 or
22, including after the magni tude adjusting, adjusting the w magnitude of
the colors to adjust the BrFgREERsEhE Rresenty dnvensdesr bragoeen defanilbed

including after the ni 1 ug j ity j ustik i of the
5 T aee A TP Beaad) 12t 19 LS BERIE 25 |

adj ustnent froma | OQJéAa‘rEﬁ;iéb&?lY}B?ér}d;]rg% %t g ‘Bgceégérrf towr%gjt %:g(rjn ;écordi ng

including a ' | ookup t e storing adjustnen

to Caiml or 225 whiimivathen addite \spicdtoandpacepésof ethe gresenand bl ue;

34. The system accor gj o Claim.11 erein.the addi.t'ive color space is
red, green and bl ue_f'%@e_gn%%n A hdd gf\ggﬁﬁﬁlhﬁdt LY P Hhgtexms \‘RﬁngFn t he

‘met hod of col or accemppended. i s transforned for use in a polar color space

including LCH, HLS, YWV, HSV, HLS, AND CIE-LW 36. The system according to
Claim 11, wherein the determ nation and the selection and adjustnent are

“transfornmed into the equival ent operations in a polar color space including.

LCH, HLS, YWV, HSV, HLS, AND CIE-LW 37. A nethod according to claim1 or
22, . wherei.n the nmagnitude is adjusted as a function of the order of the

col or conponents. ~MENDED: SH~~r ... ~ _1,, 4 JAN 2005



.2438. A systemaccording to ciaimii, wherein the magnitude is adjusted as

-a furiction of the order of the color conponents. 39. A nethod accpmth92&B

claim| or 22, wherein the magnitude is adjusted by a scaling function

‘Whose value is determ ned by the color of the cal or conponent being

adj usted.. , 40. A systemaccording to claimll, wherein the magnitude is.
adj usted by a scaling .function whose value is determ ned by the col or of

t he col or conponent being adjusted. AVENDED <=i7=~~' '

.ANYI . AS, . A Aa9. AN. A3% A& A" ;|1 % As, L. A. % A

SL. A% A. AyL. AL. Al 2. ABIARY T8 CAATMEDY A&9. AR9. A9. ALL' DEmHswedGLP] ] _hzupkf a\ W

Cal Cal cral) ol cal cadl Cal cal bt o QAR OPE, OF CEP EUR Eupi i i) Spiew] cal oo
] ca] ca] ca] ca] ca] ca] gabeakeiakcisketal gaﬂ\?ﬂgﬁ-lﬁc., aj Aca] ca) ca] ca]calca]caJca]c

al 78WBA####H#H#SS $3$ES$Szupkf al W ca] ca] ca] cd calca]cajca]calcalc aUc a]c
alUc alc aV]c determining the relative magnitude of each color

* al. 3 cal cal ' ' | $6977 UKIRIRE' ' ' ' (( &
oSt o shertesl cdgaphesberlotloal lelatlenl LR e ) LY
ca] ca] ca] ca ca] cal ca] c* aheakealashga ek cal salcal salaalealealgaleal gal /! /v

0s0; ' , ‘ . .
12<243355555555555556688800R00 % Zt he smagh A dec alfc a] @aHaakcatspd£al calcal ca]

ca] ca] ca] ca] ca] ca] C%L%f%‘ cal ca] c*alca] calca] calcal ca]ca]ca] ca]ca]ca]cal Z ::;

L <<<<<) =*=227287: . A :%Séa‘%egccgﬁ}%nicﬂ’fz]o}‘]‘ie—é] eaf cafem)an] c*al ca

Loabeal cal cal cal cal saheel ¢al éaloAl Gl cal ol alheakeaheal 821 £AL SRS GA o2 ©

HHHX T " J$JIRIbJ I L MVIMIVRE/NAINM 9/t [.\IQQ*Jac]n:a;]qnqid]mea]:caU] gahcad] sal&xeal cal calca
] ca] ca] ca] ca] ca] ca] ca|'ca$! cﬂ c*a] ca] ca] ca] ca] ca] ca} ca] ca] ca] ca! NOOBPRRR' SYS
SSSTT} VWWAYYZ'Y R 1% Igb]X]]ca}ca]ca]ca]ca]ca]ca]caU]c<a]c ajc

Z]Lﬂc;a?]cg] ca] ca] ca] ca] ca] ggi‘ecg]c lc%ﬁ caar]‘%aﬁdcjél]scte{]n 8a]t8§] E“%?Eéf%%?c%ﬁ. |9 OT B
bbbbbbbcc5cZe\ ¢’ chouerne | @t-duud, dollidrwdogipbieabl Xa § c4 af wad €84 £ A4 ¢akcal cal] ca

cay| caj calj caj cajcalcalycaljcalcajlca ca)] cal ca] ca]ca] ca] ca]ca cajc,ajcalca
}CaLﬂ I¢ Lﬂ' Jca] éﬂteéﬂlnéd AﬂffékengL o% tLe %idéle] cgloJ,CSLngent] ]

TThY ggo0agknl N 11 | 14dodcidyddd | mmmemncataboll XL e olee) salcalal eal cal cal

cal] ca] c. a] ca] ca] ca] ca] ca] ca] ca] ca] caJca cajc¢ *al] ca] ca
Ve VST st T el SRS 90 8 SR oy o
VVVV+V: V?2VVWO Vv ca] ca]ca]ca] ca] ca] ca] ca] ca] c*al] ca] cal] ca] ca
ca] ca] ca] ca] ca] ca] éﬁj r%‘é‘%cc?a]oéa}%&] Bapharea] ealen] cuipanidnt Wpgyhez 2222272 7{

{ {a{| | W} x} ~I~U~V~| sl cal cal ca ca) cal cal ca] cal ca] ca]
ca] ca] ca] ca] ca] ca] gg]rdggﬁ:;%]sga cg]y’gﬁgimggiﬂcg cat]q%:ea]%?cicfgctd'! \ﬁ(ﬁ@ﬁ‘-’%ﬁl?ac‘l{-
bs| wmhc”Y] c] ca] c*a] cal cal'ca] ca] ca] ca] cal cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]s]L cal ca] cal! euds/ 67\ :
: L 2. method acqqrding to claim’'l, wherein the :
adjustment isvproportibnal Lo the relative magnitude

of the difference;

3. A method according to claim 1, wherein the
magnitude of the color component is adjusted only if

the magnitude difference is above a predetermined

value,

4. A method.according_to claim 1, wherein for
the subtractive color space, the lowest color

component is used for the selecting and adjusting'
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r N ca ca]ca]caLﬂca]ca]ca]ca]ca]ca]ca ca]ca]ca
EZ} \gg]rT;] Z]aﬂ:;ﬂ:;] gifilafglafglgﬂm] La] ca' Dmwva4! Yf)10%@r@r&' ()-$% ]1 4 JAN" 200

WU & ()-$! s>Yf) 10%e& ()-$! 6 |
\ﬁgigwp&' 0 Q$, Yf)lO‘Vg)"Q"&' 0 Q$, aYf) 109 () - $HLZX6! ! . #10%XX& ()-!1 (! 10%<{<§L
()= (! 109%y& ()-D&LO%I& ()-1YF)10%ili & ()-$! #Yf)10%6 6" & () - $Lst uvwuV7!
109 ()- YL0%&' () - &10% ()- 10 10 10! 0. #10%& () - . #10%N& ()-n szw
2X6UV7! | Sy&B10%PE () - 41 Sy&109& () - 4! Sy&L0YAAS 1) - 4! Sy&LOYAAL' () -

41 Sy&109888&' () - 4#10%&' WDEFGM [M7! 1 Sy&109%°P 10YY 10YY
10YY! Sy&10%rY&: ( ikl e tOUPELSPRee 4! Sy IHIMHR'( ) color

To% ()01 - LLi@i‘&?ﬁ&;Qfa&@‘%%%zéfsa & (o) gs%%é"y‘& 04 pijusting .
0z#109&' ()-.)!z#10%&' ()-.!z#109%& () - @8456h}rg\ T)1096|& ()- 10, 10,
| | 5. A method accordlng to claim 1, wherein the'
magnitude ls ad]usted to lncrease the relatlve
_magnltudelbetween the highest and lowest magnltude L

color component.

‘_6;' A method accordlng to claim 1, wherein the
vcolor components are translated from a first: color .
space into a second color space before the determlnlng
steps ‘and translated back to the first color space’

.from the second coLor space after the adjusting step.

7. A merhed according to claim 1, incdluding
‘transforming thevdetermining steps and the selecting
and adjusting step frem a second color space to a
- first color space; and performlng the adjustlng step

in the flrst color space.

8. A method according to claim 1, wherein the

process is performed on a pixel basis.

9. A method accordlng to clalm 1, wherein the

process ls preferred on an area basis.

. 10. A method according to claim 1, the process

is performed on a SLgnal processor.

11l. A color processing system for receiving

input. signal for an image to be displayed in color,:

AMF: NiZo i (e )
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0% & () - A8! pl g! | ItHd X ER Hahr&'tibnA@ 10%] & () - A’7)@10%1| & ()-AQ@ 10% &

0 A 0 A@ 10% & ()-A?) @ 10%| & ()

Sl b e i |

18\;’%%&? (1 ;) %A”@& 16&4%@@%"% e Fﬁﬁ ?‘gﬁﬁ %}d‘é‘)@) 1054| & () - A@ 10

%41 & () - A?) @ 10%4| &dmpohht0%s| & abwéai;#at&#a# m&&w (B AGLLO%8 & ()

- AZ@ 10%4| & () - A?) @ 10%| & () - A&@ 10%] & () - A)@ %4|& 0) - A#######%$I K@ 10%

ST e tianbe (e Kbt im0

le% &0 ()- &(] ((<) \°)<% }‘qﬁ?‘%&ﬁ&iﬁ) ?LB‘}‘B‘)é%no%}s@(‘ﬁ“ﬁ% 1CLP8% & () -

kI (10% & ()- bﬁﬁﬁb& &t() and

“109% & () - ) )f)r))’>* *| [9NA410! f &f 810%@D @& ()-- 10% & ()-0 10%&&’ ()-0
040% & ()- 10% & ()- @ ORLEEE- ﬁnd+wd3ustFZQM4tn@gn1tude of one or more

%' & I&f 1 &f &10% & & S1O0EE! () -~ &f &10% & ()
Qg a1006 &'&(§ S gi}’b?f o%ﬁﬂpﬁ%ﬁ%é%@as&a( Ltnfo“ﬁ? tne1 006 & () -
{] &0100%AJUE () - &aée%‘&yﬁea)dlfﬁl&e@é@&& 48 -oH Wﬁd&l@-go[lo%oég/pl&erﬁ to

WL 109% 9% ()- L' 10%-&& ()- L' 1090#728& (‘% 0 10% & ()
'510% & ()-124333J4EBp[ 1evRasE coloy 0oemMidnt o ti GUb&TE)Rtivé @olor

0%5& (0)- 90 (@ploqu2§é(gng as a function of the determined difference
3 of the highest color component to the middle color

component for the additive color space.

~ 12. A system according to claim 11, wherein the
adjustment is proportional to the relative magnitude

difference.
.13, A system accordihg'to claim 11, wherein the
magnitude of the colors is adjusted only if the

magnitude difference is above a predetermined value.

14. A system according to claim 11, wherein, for

the subtractive color space, the lowest color
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1l6. A system accordlng to claim ;1, wherein the
processor translates the color components from a first
color space into -a second color space before the
determlnatlons and translated: back to the first color

- space from the subtractlve color space after the

adjustment.

17. A system according to claimnli, including
transforming the determinations and the selection and
adjustment from a seeond‘color space to a first'color““
space; and performing the adjustment in the flrst

" color space.

18. A system according to claim 11, wherein the

processor operates on a pixel basis.

1s. A system.according to claim 11, wherein the

. processor operates on an area basis.
20. A system according to claim 11, wherein the

color processing system is one of a camera, video

recorder, optical scanner and printer.
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‘ 22, A method of color accentuation of a ‘color -

image made up of areas,. encoded in a color space, the
method compr1s1ng |

detecting in each area the msgnitude of each
color'coméonent of the'color'space;‘and

'changing the msgnitude of color components in
each area 1n accordance with a pre- determlned scallng |
function applled to the detected color components to
increase the difference between a maximum and a

' minimum color component in each area, the scaling

function being based on_a.diffe;ence-of a middle color
component to the lowest color‘componenEAfor a
sﬁbtractive color space or on a difference of‘the
highest color.component‘to the mlddle color component

for an additive color space for each area.

23. The method accordlng to Clalm 1 or 22,
wherein the magnltude is adjusted uSLng a scallng
functlon selected from the group of llnear and non-
linear functlons and having varlables including the .

~difference of the middle color component to the lowest
color component for the subtractive color space and
the difference of the highest color component to the

middle color component for the additive color ‘space.
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ference of the middle color component to the lowest
. color component for the subtractive color space and
the difference of the highest color component' to the

‘middle color component“for the additive color space.

25. The system of Claim 11, wherein the color .
processing-system is one of a pre-recorded video media

playback device or a video signal _procéssing~devioe.

26. A video media playback dev1ce that appllesv
. the method accordlng to Claim 1 or 22 to lnputted
video data. o ' o ,
'27. A video media playback devicetthat applies
.the method accordlng to Claim 1 or 22 to video data i

b " read from media.

28. A video signal = processing device that
applies the method accordlng to Clalm 1 or 22 to

1nputted video signals.

29. The method according to Claim 1 or 22,
including after the magnitude’adjusting, adjusting the -

magnitude of the colors to -adjust the brightness.
30. & syétem according to claim'll,'including

after the'magnitude adjustment,'adjusting the

magnitude of the colors to adjust the brightness.
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31. The method according to Claim 1 or 22

including reading the adjustmenp from a lookup table.

32. The system according to Claim 11 including a

lookup tabie‘storing'the adjustment.

33. The method according to Claim 1 or 22,
wherein’the additive color space is red; green5and‘

blue;

34. The system accordlng to Claim 11, ‘wherein

the additive color space is red, green and blue

35. - The method according to Claim 1 or 22,
whereln the method of color accentuation 1s
transformed for use in a polar color space 1nclud1ng

LCH, HLS, YUV, HSV, HLS, AND CIE-LUV.

36. The system according to Claim 11, wherein

. the determination and the selection and adjustment
are transformed ‘into the equivalent operations in a
polar color space including LCH, HLS, YUV, HSV, HLS,

AND CIE-LUV.

37. A method according to claim 1 or 22, wherein
the magnitude is adjusted as a function of the order

of the color components.
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39. A method aéCording to claim 1 or 22, wherein
the magnltude is adjusted by a scaling function whose'
value is determlned by the color of the color

component being adjusted. ‘ o .

40. A system according to claim 11, wherein the
magnitude is adjusted by a scaling functionvwhose
-~ value is determined by the color of the color

component being adjusted.
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