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printing systems which are known as subtractive color
systems. Color correction systems have been developed
to correct fér errors in the reader or scanner of the
original material, signal transmission or limitations
of the display or printing process. In the printing
process, the correction can be directed to ink
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
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; 6,053,609; 6,057,931 and
6,097,501. |

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
cameras would have a button or command that triggers
various 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

a bright day.
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directed to the concept of accentuating the ultinmate color inmge to be
nmore vivid, color diverse, interesting to2the eye and having hi gher col or
contrast. The present invention 5 would be conpatible with al nost any video
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col or space or process, as the percentage of the | owest percentage third
col or Cyan, Magenta, Yellow, and Black. These colors are
10 related to the primary colors, red, yellow and blue,
with black being considered by this invention as the
absence of color. TV’s and video use the RGB (Red,
Green, and Blue) color space. The color accentuation
system described herein can be converted into any
15 known or new color space or system, whether additive
(light) or subtractive (ink , paint, etc.)
The primary colors are red, yellow, and blue, and
combinations thereof. Rainbow colors are generally
considered the vivid, bright colors and are either a
20 primary color or two primary colors mixed at some
ratio/percentage in a subtractive color sgpace. 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 gpaces through color space conversion.
An area in an image is a set of adjacent pixels
in the image that have gubstantially the same color,
30 in other words, substantially the same color
component magnitudes. A practitioner of ordinary
skill will recognize that the benefit of the invention

can be attained by determining the accentuation
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differences. One "Or nore o e-magni es IS adjuste ange t
each pixel in the area). The overall accentuation of
10 the total image in this system is not color linear

over the image. _

The system determines the relative magnitude of
each color component. It selects and adjusts the
magnitude of one or more of the colors as a function

15 of the determined relative magnitudes of each color
component. The type and amount of the adjustment is
a function of the relative magnitude differences. One
or more of the magnitudes is adjusted to change the
relative magnitudes. Typically, the difference in the
20 gsubtractive color gpace is Dbetween the lowest and
middle magnitude color. Also, typically, the lowest
primary color component is reduced. In CMY (K) , no
adjustment is made if only two colors are present in
the area or pixel being investigated. Black (K) is not
25 considered a color in the initial accentuation step.

Other objects, advantages and novel features of
the present invention will become apparent from the
following detailed description of the invention when
considered in conjunction with the accompanying

30 drawings.
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Figure 5 1is a conversion table showing the
10 relationship of the color system of Figure 4 to a
second color system.

Figure 6 is a conceptual view of the color pipe.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The core of this invention is developed from and
for subtractive primary colors. However, the system
functions in both additive and subtractive color
spaces through mathematical color-space transforms.

20 The present invention can be used in two modes.
In a first mode, an image that is encoded using any
color space since the component coloxrs can be
converted to a primary color space and the
accentuation function applied in the primary color

25 space. The resulting image can be converted back to
the original color space. Alternatively in a second
mode, the accentuation function can be determined in
a primary color space and then the accentuation
function is transformed to any other color space so

30 that an image need not be converted--the transformed
function is applied to the image in the color space

of the image.
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primary col or 25 space. The resulting i nage can be converted back to the
original color space. Alternatively in a séeond node, the accentuation
function can be determined in a primary color space and then the
accentuation functiomy s$hircansfaorsned tooaarnl witdrerr cof orrd&peey sskBD1t hat
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CW(K) used to explain an inplenentation of the invention. The present
system | ooks at th@irellatitie uHdd erennes dstawespddie, cdhorssandt mekes t he
color black in some color space schemes requires
gspecial attention
10 RYB is the ideal color space and will be used to
explain the concept of the invention with, CMY (K) used
to explain an implementation of the invention.
The present system looks at the relative
differences Dbetween the colors and makes the
15 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 CMYK to RGB conversion is accurate. When all
three colors CMY(K) are substantially equal in color,
20 they are “dirty” in color. As the differences in
percentage between the colors becomes larger, the
higher percentage primary colors become more dominant.
The lowest magnitude value color of the three colors
creates, in the combination the other two colors, a
25 pastel dirtiness, grayness, brown-ness or a perceived
lack of contrast, vividness or perceived sharpness.
The present invention creates a higher color contrast,
sharper, clearer picture or color and reduces the
effect of the lower of the three colors, pixel by

30 pixel or area by area. Note that the accentuation
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col or space. However, because the magenta in the col or, 10 space has a
bl ue conponent, oaﬂé(fa}'t)?%%%s%nl 9Enfa CAMVLY t%e%ggPEr??Eﬂv%nGO%Pﬁe) ,
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10 space has a blue component, operations on magenta
affect two colors (red and blue), not one (red). The
preferred color space for this system would be a new
primary color space consisting of the primaries CRY (K)
or a color space RYB(K). Since these are not

15 presently available in subtractive system, the
invention will be explained also with respect to CMYK
and RGB. The RGB and CMYK color spaces have known
direct mathematical relationships to each other.

A pixel containing the collection of values for

20 individual color components can be analyzed in
percentage magnitudes for C, M, Y, and K. Normally,
this is done in RBG. The value of the minimum-value
color component in a subtractive color space based on
one of the following equations:

25

(a) $MINg, = [100% - (SMID - SMIN)] * SMIN
where:

MIN is the color component in a pixel or area
that has the minimum percentage wvalue;

30 MID is the color component in a pixel or area



primary col or space consisting of the primaries CRY (K) or a color space
RYB(K). Since these are not 15 presently available in subtractive system
the invemoowm2ed || be explained also with respect to CWRCT/ARU/REB. The
RGB and CWK col or spaces have known direct mathematical relationships to
each other. A pixel containing the collection of values for 20 individual
col or conponents can be anal yzed in perceitage nagnitudes for CC M Y, and
K. Normally, this is done in RBG The value of the mninmmvalue color
conponent in a subtartaclﬂlaisv§heorﬂéddésaeérb@stédgénvaéﬁé,of the fol | owi ng
equations: 25 (a) YM NNeW= [:LOO ' - - g 1? N where: MN
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value; 30 MDis | o 0 ea, 02/ 17229
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conponent in a pixel eigarea thiatchantiaecopxiumupepeeatagageal ue, and
MN.,,,, is the accentuated m ni mum percentage 5 val ue col or conponent; or

(b) %M NNew = [ 100%ue VoD covoNent;f (CC) |* --MN where f(CC) is a
nodi fying or scaling function. The nodifying or scaling function f(CC) may
be 10 zero if tK& difference between MD and MN is very

(b)  %MINg, = [100% - (%MID - $MIN) * £(CC)1* $MIN
where £(CC) is a modifying or scaling function.
The modifying or scaling function £(CC) may be
10 zero if the difference between MID and MIN is very
small. The modifying function £ (CC) may also
increase, decrease or change the adjustment
signified by the difference as a function of any of
the color components present or the specific
15 percentage relationship of the color components.
Instead of decreasing the minimum color
component MIN, the maximum color component MAX may
be increased. Also, both MIN may be decreased and
MAX increasged. The middle color component MID may
20 also be adjusted. All adjustments are a function of
the difference MID - MIN as reflected by the

following formulas:

(d) sMBx,, = MAX * £, (MID-MIN)
25 (e) sMID,, = MID * f.;4 (MID-MIN)
(£) $MIN,,, = MIN * £, (MID-MIN)

The function or equivalents modifies one or
more of the component color values based on the
difference between the two lowest percentage color

30 component values. This can be converted to any other



small. The nodifying function f(CC) may al so increase, decrease or change
the adjustnment signified by the difference as a function of any of the
col or comwponyN2g9 present or the specific 15 percentage reparisnsdssi of the
col or conponents. Instead of decreasing the m ninmumcolor conmponent MN

t he maxi mum col or conponent MAX may be increased. Al so, both MN may be
decreased and MAX increased. The m ddl e e8Fkor conponent M D nay 20 al so be
adjusted. Al adjustnments are a function of the difference MD - MN as
refl ected by thecdflod eweng eimy asnviedsiWkXnew = MAX * fmax (M D-M N)

25 (e) ¥MDnew = MD * fmid (MDMN) (f) %9MNRe, = MN* fmin (MDMN)
The function or equi vdPeREsChodf M NERd 0P IFBEESSE CHOSECoipokESt col or
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brightness close to the pre-processed inage, an additional adjustnent to
all  col or sconponért drtihenlt akesnpl adgusdependehhtuperurst.healni ti al amount
adj ustment that occurs. Al conponents can be nodified once the function
has been cal cul &oewangngsdennt ensiogiidilect pacer itgien&ncgiioghtaéss or
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brightness or modify brightness.

In general, scaling functions of any type,

10 including non-linear functions, may apply based on
any combination of the color component values. Some
circumstances may require that more or less sgcaling
occur, for example, as discussed with respect to
equation (b). This applies also to equations (d)-

15 (f).

Accentuation may be equivalently performed
based on lookup tables. The new color component
values are determined by matching the original color
component values to those in the table and reading

20 the new color component values out of the table for
that color 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

25 accentuation can be changed through scaling
functions to, for example, to maintain a particular
colors’ dullness and make some chosen colors
brighter or more intense or to literally change some
colors by increasing or decreasing one primary color

30 more than another. As was discussed with respect to
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e
processing system 20 generally includes a lens 22

providing input signals of the image 12 to a color
separator 24. The color separator 24 provides a
minimum of three color and in this example, four
color signals to the signal processor 26. The
signal processor 26 then provides appropriate drive
signals to projectors or printers 28, depending upon
whether it is a printer or a light projector.

Four projectors/printers are shown but other
projector or printers may be used depending upon the
number of colors being processed. For example, it
could be a three color additive system, a four color
separation system, or a six color system.

The color processing system 20 can be thought
of as a combination of components to process the
color signél. For example, The lens 22 would
introduce a color image to a color encoding system
24 that color separates a pixel into color
components for a given color space. The encoded
image information is presented to a signal processor
26 that applies scaling functions that affect the
color accentuation and also applies color space

transformations. Upon completion of the signal

on

a



processi ng system 20 generally includes a lens 22 providing input signals
of the image 12 to a color 10 separator 24. The col or separator 24 provides
a mni mwoot/12kree color and in this exanple, four col oPCEUgNESES4H O t he
signal processor 26. The signal processor 26 then provides appropriate
drive signals to projectors or printers 28, depending upon 15 whether it
is aprinter or a light projector. Four prljectors/printers are shown but
other projector or printers may be used dependi ng upon the nunber of

col ors bein proq?mmaa$si@@n exanpimegs tinfoomed iba ast hreaséerardadai ti ve
system a four color 20 separation system or a six color system The color
processi ng syst ef®0 PERA S5& IHEFGHE S0P Bad Oa TS ﬁEFiSHIS?yconponents to

process the color_signal.. Ear l.e, I 2 ld. introduce a
color imge to a ¢ Rﬁi%W%%éﬁﬁﬁ) 2?%%¥§%h%Z1?%§F ?gl %Cgéﬁgvaﬁgs a pixe
into color Ponp%@{t%ﬁgorsy%tgérdﬁe%xc@t%rersQ@Q:%mbﬂﬂ@n%n&@@@@d icsRgerm
information is presented to a signal processor 26 that applies scaling
functions tshat afdftectprddeesseal dmegecar®t.uati on and al so applies col or space
30 transformations. Upon conpletion of the signal WO 02/17229
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5 the processed kﬂ?gﬁmé%miginal camera or scanner and/or may be in
the signal processor 26 for the projector or
10 printer. The signal processor 26 may include well-
known signal correction software modified to
incorporate the present invention.
The present method will be described with
respect to a four-color separation system, for
15 example, CMYK with the principles applicable to
other color separations including the color formats

LCH, HLS, YUV, HSV, HLS and CIE-LUV. Some of these

systems deal with different forms of hue (H) ,

gsaturation (8), luminance or lightness (L, Y), and
20 chrominance © or the difference of a three-component
color system (U, V). Saturation is the degree of

color intensity. Hue is also known as the name of
the color and luminance is the degree of light/dark
of the color.

25 In Figure 2, note that any color on the outside
of the wheel is wvivid and/or pure. Any color on the
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

30 the outside of the wheel, the color starts becoming



The col or accentuation of the present nethod would be in the signal
processor 26 and may be part of the original canmera or scanner and/or may
be in twostgnad processor 26 for the projector or 10 prPaT/@®s01/3Fk¥ Si gna
processor 26 may include well- known signal correction software nodified to
i ncorporate the present invention. The presenat nmethod will be descri bed
wWth respect to a four-color separation system for 15 exanple, CWK with
the principles appltepbl eets vorher sl onosepatatd ofise i netadiag dhe col or
formats LCH, HLS, YUV, HSV, HLS and CIE-LUV. Sonme of these systens deal
with different fobhRg vhetle (M, itsappreadtloes (8)e ¢emierancet opedomgs ness

(L, Y), and 20 chrom nance (c) or the difference of a three-conponent
col or system (U, %ﬁ?téagﬁ?ﬁt?%nb¥gw?hegﬂ%§?éﬁn%f°“cb?%rc?ﬂ?%ﬁ%?Ey. Hue is

al so known as the of I ' ' gree of
light/dark of it %‘%‘Qﬁ‘?%&%gmig%‘wn%'l%@?ﬁ%@ﬂé c%llq%r on the
outside ofsthe wheetehBadbyiBeadfé O afy Cand\ye£P| oD, thge Qiside of
the wheel is either one primary color or conbinations of two prinmary
colors, as in a rbh¢énpboes diftangrayownticihfia tie rdepréemesy ot orhésl added
to 30 the outside of thg wheel , the col or starts beconmi ng WO 02/17229

PCT/ US01/ 25654 -11 di F£§, F+84se v Wieehnts novesl § ¢t csthee i lesydh af the

e el he b PProBENge b6y CaPL fhact ! (RESPUE D1 HITY RS L RIS,
which contains the three primary colors Red, Yellow,

10 Blue, equally spaced along the circumference. The
slice of the color cylinder ranges in intensity from
0% at one end of the cylinder to 100% at the other
end. Figure 6 shows a conceptual view of the color
pipe.

15 The percentage shown on the color pipe
signifies the maximum value of any of the three
primary colors. Thug, if Red is the maximum color
at 80%, the color wheel would be the 80% wheel of
the color pipe.

20 The representations of the pipe and the wheel
are to illustrate the principles 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 percentage, but the

25 third color must be at 0%. Any multi-component
color which contains more than two of the primaries
Red, Yellow, Blue must be inside the “color pipe”,
and not on the surface. The colors within the

circle appear dirty, having tones of brown and gray



colors. Eventually, as the col or conponent 5 percentages becone | arge and
near equal, the color becones dirty gray which is the center of the wheel.
The Fi guveo82/whze®el is the 100% slice through a solid col orCTYRI$ess (" col or
pi pe"), the surface of which contains the three primary col ors Red,
Yellow, 10 Blue, equally spaced al ong thejgircunference. The slice of the
color cylinder ranges in intensity from 0% at one end of the cylinder to

100% at the other endn Ebguifg6rghowsoa SONGERINERIN titei0fi dde LRl Or
pi pe. 15 The percentage shown on the color pipe signifies the maxi num

val ue of any of thetwhermethprantygrcehdrsheThusside Edths wheelraxi num
color at 80% the color wheel would be the 80% wheel of the color pipe.
20 The represent atPéfsIBRCERENpiperaAdinEeyYwhedrCcesr BheocPnitspriatient he

princi pl es fundanept to.this jhvention. To be 0 e_qutside of the
col or wheel, one° o?%? Wﬁ?lﬂﬁmak 16§gg?§?raa§o§3§§|§§ér fcﬁ#%ﬁr%et%, a
second col o5 may be,atrapy PRECENEAYEe BEtrhAeyRacihird calogsmust be at
0% Any nulti-conponent color which contains nore than two of the
primaries Red, YethbwhgBFuectush béjussiméatkhe,, ol andpispedre &b not on
the surface. The colors within the circle appear dirty, having tones of

brown and gray WERowR7228hprTiUSDSERE684that2theseabil agdf GneectbonsS, is

shown whi ch i ncreases betmeﬁn thf center agd thg.outsige of the.wheel .
varies as the color moves from dirty, for example,

toward pure. S, shows adjustment for an original

10 color close to a pure color. S, and S, show
additional smaller adjustments.

The arrows show adjusting the value of any
color component using a scaling function that
modifies the total color component values so that

15 the total color moves towards the outside vivid
portion of the circle. The scaling function is based
on differences between color component values. The
length of the arrow represents the relative
adjustment for one example scaling function. The

20 amount of accentuation relates directly to the arrow
length for that pixel accentuation. The closer a
color ig to the ocutside of the wheel, the more it is
accentuated towards a vivid pure color on the
outside of the wheel.

25 S, S,, 8; and S, are shown as radii since the
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

30 function Sy shows a curved adjustment favoring one of



This function increasingly reduces the contribution of the mninumthird
color as that third color gets 5 closer to the outside of the wheel. A set
of scal iwgot/un2ed i on adjustnents S21 S3 and S4 are al so BODWR01/ZEhi&y
illustrate that the scaling function varies as the color noves fromdirty,
for exanple, toward pure. S2 shows adjustnment for an original 10 col or
close to a pure color. S3 and S4 show addi3ional smaller adjustnents. The
arrows show adj usting the value of any col or conponent using a scaling
function that mbdief Pesmely cotlgirscol dhecowpdnast fvactésnseanhghanget he

total color noves towargj} t he .out si de_vi vi g&rpor,ti on_of the circle. The
scal i ng functi onlPs 35s SdMGF P A& &RCe SBEWEER ScoPofEdnP8nent val ues.

The Iength of t?%n%rtri%\{){ ;‘]%ﬁ/rggggt $et Ne el AL IKE noddisust ment for one
u e

exanpl e scal i ng nction. amount of accentuation relates directly to

the arrow | engtkifeuiniRatepixall yaceenictaioer. thee celiesebrahueql or is to
the outside of the wheel, the nore it is accentuated towards a vivid pure

color on the oufiige wofulitherastvde] by25h8hgiB?, t9® arid t84 &haeshown as radii
since the adjustnent is of onl){L one col or conponent. if chan%es are made
to nore than oneSEGE -coNPENERLOT PHES 85d thRgy RIEDEYSr &IPS s hown

Ik e L L e TR T T
dimension adds amounts of white or 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 cne 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 1is not used to
determine the adjustment 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 percentage otf
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, Y=10, the
difference between M and Y is zero and therefore

there is zero percent adjustment to the lowest



the primary colors. The scaling function can change in any dinmension in
the color pipe. A scaling function may al so be used whi ch noves

ci rcunf evead/aizky and changes the color or hue. 5 This worCTOUS@E®RIb34 by
changing two of the three <colors. The color pipe and wheel also have a
fourth dinension of white/black (not shown). The fourth dinmension adds
amounts of white or black to lighten or d&ken/dull any color on the

pi pe/ wheel by 10 degrees of colorless gray (black into white). The

pi pe/ wheel di nensodps .ar @ltedpayeiedw, blinee apth M ask. Y| Airh¥ Exanpl e

illustrated in Figure 4 for the CMK color sgstenl t he orgginal value is
shown in 15 one &BFGnH 8893 YpBPYeREtag& b SatiiFatPfi FBPUBAch of the

component. col ors. Bl agk, 011 has ot hsen-shaunc tber Fake of_gharihy since

it is not used to determne thé adjustnent nor 1s it adjusted. During the

next phase in Fi gurecten@ vexa@ehem the 20iaceentuated/ adjiust edlbunbers
are shown in the third colum and the |ast colum shows the percentage of

accentuati en. | nt Hiss redarelde byt hediffrber é8ceo peénween Folre tiieddbé oznd
| onest color magnitude is taken and this difference is the accentuyation 25
per cent age fact 0030Bar CoednmpMe20ui 1788 Sierpre ¢ofal Mg 4 uncffon T¥6r col or

0001 having, =90, A0, Y210, (peg 8 LEer 8153 B uReh Meand ) przgse and
PCT/ US01/ 25654 ;4 5 30% reduction in the lowest percentage color M.
For the color 0065, the percentages are C=90, M=70,
10 v=27. The difference between M, the middle color,
and Y, the lowest color, ié 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

15 known conversions ag shown in Figure 5.

In the present system, no specific color 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

20 do not change or change little. When the color is
gray-brown, for example, 70% for cyan, magenta and
yellow, there is no accentuation because there are
not differences between the minimum color
percentages.

25 Although the example is shown as reducing the
percentage of the lowest color, the other color
components may also be adjusted. For example, the
highest may be increased by itself or in combination

with lowering the lowest. Also, the middle color



-14 color. Alternatively, since both Mand Y dirty C, both Mand Y may be
reduced the sanme anount. For the col or 0002 having C=90, M=20, Y=10, the

di fferenoeobri2een Mand Y is 10 so the third color 5 Y peTusamsesd by 10%
from10 to nine. For the col or 0306, C=50, M=20, Y=80 beconme C=50, M=14,
Y=80. The difference between C and Mis 30 and therefore there is a 30%
reduction in the | owest percentage color M>- For the col or 0065, the
percentages are C=90, M=70, 10 Y=27. The difference between M the mddle
color, and Y, tken &fedricsicor, Ald 4 tdese mewusecGiss effectTions, the

"dirtiness" of this calor ,has r ced. hy . approximately half using this
function. This sf&]&rﬁlbﬁﬁj‘r‘%ﬂc’. a%%e%@d%%|‘£g&qwﬁ%f er col or system by
15 known conver si ons ag ?%%%ﬁ%f %n"ti%ne'd‘, t-he Rr %gt%ntceg_,)é%ti%m no

specific color is adjus he lowest of three colors is the one

that is adjusteddawivand dnk RBGRIH Wdel dThirs eySide otWyek S Hathgidch a way
that grays, browns and pastels 20 do not change or change little. Wen the
color is dray- bfown exfeom lexarmlleor 20%.f =66y amd Yedéntdd fded byeldrdw, t here
i's no accentuation because there_are not differences between the m ni nrum
col or percent ages VORI TUgh Theé SLAmHl 9% % Rk 28$MEduci ng t he

percont s of {NSURPIRH: SO A SUIRL 0h0% SRS B 350 Do
conbi nation Wty ewer imed hedwestusiNS@hd R RS e aohRf, this
color could remain in its present state by changing
10 the scaling function.

Also, depending upon the order of the
percentage of the color or other color component
information, the scaling function may be a
modification of the numerical difference of the

15 middle and lowest percentage of color components, as
discussed with respect to equations (b)-(f). The
primary colors hasg different degrees of dirtiness.
Blue contributes more dirtiness than red which
contributes more than yellow for example. Thus if

20 blue is the lowest percentage color component it
will be reduced more that if red or yellow was the
lowest percentage color component.

Figure 5 shows the translation of the color
accentuation of the CMYK color system of Figure 4 to

25 the RGB color system. This translation was
performed using Adobe Photoshop, although any know
translation can be used. A review of Figure 5 shows
an increage in the relative magnitude between the
highest and lowest magnitude color in both color

30 systems. Although a conversion of the corrected



WO 02/ 17229 PCT/ US01/ 25654 -15 can be raised. Al of these reduce the
effect or contribution of the third or | owest color. As previously

ment i onedyOovhienes are certain conbi nati ons whi ch coul d orPChubal/23634 be
changed. 5 For exanple, color 250, Y=60 and M=55 differ by only five
percent. This color would not becone subsijgntially nore intense or vivid
by lowering 55 by the five percent using the nethods. Thus, this color

could remain in idspresenis statiel MsGhantl Nt hd GAdie s aldiigd Wktion.
Al so, dependi ng upon the order of the percentage of the color or other

col or conponent henfumarhtoron;hd REH catd tregn fumicta ohi e acornmedidiigeat i on
of the nunerical difference of the 15 mddle and | owest percentage of col or
components, as dIWUSSEE RE FBEPECING &gy doHs )y fHunctien pri mary

colors has different degrees. of dirtiness. lue contributes nore dirtiness
than red which ¢ rz?sd%%@“:‘rﬂﬁ: & %a‘??r}feq I%Qﬁf%rc%ljé? RﬁsﬁJs iTT%eZO bl ue
is the | owest pers%t{’galg? AL LOMANEN - d oy W] e reduced nore that if

red or yell ow was the owest percentage color conponent. Figure 5 shows

the translation of therigolmesaocantdadn ot HoldIMK LAosyst em of
Figure 4 to 25 the RG color system This translation was perfornmed using
Adobe Phot oshop, aaidugft amy Krevem t reislatdolre artheeaisiet shratern,ew of

Figure 5 shows an i,ncrease in the rel agi e ma%n,itude bet ween t he
although 1t is expected that this process can become

a new kind of color correction. Color correction
10 implies that the to be printed or displayed color is
corrected to be identical to the original image.

The present method or system has used the
amplitude of the color components as the parameter
to be measured and adjusted. Other parameters of the

15 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.

Although the present invention has been

20 described and illustrated in detail, it is to be
clearly understood that the same is by way of
illustration and example only, and is not to be
taken by way of limitation. The spirit and scope of
the present invention are to be limited only by the

25 terms of the appended.



hi ghest and | owest magni tude color in both color 30 systens. Although a
conversion of the corrected WD 02/17229 PCT/ US01/ 25654 --16 CMYK to RGB is
i |l ustratveap2/112e9 present nethod could be used on the RCBPEDES@MSHSE Ng

di fferent conversion functions or converting the accentuation function
and performng the color nodification in RGB. The 5 sane is true for other
col or spaces. The present systemis consi défed a color accentuation
system not a color correction system although it is expected that this
process can becomgAd hewkATdEDf col or correction. Color correction 10
inplies that the to be printed or displayed color is corrected to be
identical to the origihal iMEERENTROHrERErE FEEFV VI YYsterf HRLUsed t he
anplitude of the col or conponents as the. garamater to be neasured and

S

adj usted. Qther paranereats o?y?%%ml%orfsl%rsjt emay be used for the relative
measures and adj ust megty o FREY: QU Kk | AC] A1dBy @MY S RO o f NitEah
saturation, |lum nance, chrom nance, focus or any ~other video control.

Al t hough the presgnimanhyesdion daspheett 20f descsldedsamulrdtiarsi rated in
detail, it is to be clearly understood that the sane is by way of

'

illustration and exanpietenhjnimmdthe dbiferenpes ehkere Hlegritwie of

l[imtation. The spiri nd scope of . the present, inventjon are to be
linmited only by t eml(%%f?eﬁ’m;m Yt 2l A periR Mo %/17%?@%6@%7325654

color component; and

selecting and adjusting the magnitude of one or
more of the color components as a function of the
determined difference of the middle primary color

component to the lowest primary color component.

2. A method according to claim 1, wherein the
adjustment is proportional to 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 the
color of the lowesgt primary color component is used

for the selecting and adjusting.

5. A method according to claim 1, wherein the
magnitude is adjusted to increase the relative
magnitude between the highest and lowest magnitude

color component.



-17- WHAT IS CLAIMED: 1. A nmethod of color accentuation in a color

processi ng system conprising: determning the relative nmagnitude of each
primary owborirenponent of a col or separation; determ ni PQTAURE/$634f er ence
of the magnitude of a mddle primary color conponent to a | owest primary
col or conponent; and sel ecting and adjustifg._ the nmagnitude of one or nore
of the color conponents as a function of the determ ned difference of the

mddle primary color gonpanet:iisy %Q%dr@iggat Y I8y, GOl Qi GIpoReRt . 2. A

met hod according to claim1, wherein the justment 1s proportional to the
relative magnitudeldf ddedidder ence.c BinA i@ oaceorfding ledai m 1,
wherein the magnitude of the col or conponent is adjusted only if the
magni t ude di f f er e sindlsovee x igradetarlidmetbacalbgfo theret hod accordi ng

to claim1, wherejn the color of the | owest primry color conponent is
used For the seldcii iy Hte AR G S 208 Lo e Gt T 10 TEitai m 1,
wherein the magni i ] to_] t r i i tude
bet ween t he hi ghe@s%l%(ﬁqsdo%s#%ﬁgrﬁet L?&rel%agg/ls(;ecr(ﬂ%%nﬁ?ﬁglet \é%q%% 229
PCT/ US01/ 25654 -ak8jfist greithgd according to claim 1, wherein the

7. A method according to claim 1, including
transforming the determining steps and the selecting
step from the primary color space to a first color
space; and performing the adjusting step in the

first color space.

8. A method according to claim 1, wherein the

process is performed on a pixel basis.

9. A method according to claim 1, wherein the

process is preferred on an area basis.

10. A method according to claim 1, the process

- 1s performed on a signal processor.

11. A color processing system for receiving
inputrsignal for an image to be displayed in color,
the system including a signal processor and wherein
the signal processor:

receives or derives color separation from the
input signals;

determines the relative magnitude of each color

of the color separation;



col or conponents are translated froma first color space into a primary
col or space before the determning steps and translated back to the first
col or spaxeot/tne@the primary col or space after the adjusPCngsSe®mps4 7. A
met hod according to claiml1, including transform ng the determ ning steps
and the selecting step fromthe primary color space to a first color
space; and performing the adjusting step i¥Pthe first color space. 8. A
met hod according to claim1l, wherein the process is perfornmed on a pixel
basis. 9. A nethod acdetdimgnes chai miffewkacei pft hbe presdssdes Opr éf erred
on an area basis. 10. A nethod accordin%@to claiml1, _the grocess IS

performed on a sMgR&ISpPEEESSHr CO1PT KO PEENSr 5Ce8sitRYCETs ParT RSy

receiving input sh%pabokp%n%%tt to be displayed in color, the system

including a sign§P processor and erein the signal processor: receives or

derives color separatign Jdremstlie aghiRtil $henagnideter vifneset be rel ative
magni t ude of each color of the color separation; WO 02/ 17229

PCT/ US01/ 25654 wib%edetfe tmien es lidhe cdinfobacence asf at Henoadont ode téle a middl e

primary col or conponent to a | owest primar¥1 col or conponent; %nd sel ects
and adj usts the Wefsrmidedoidigiersnce of the middle primary color

component to the lowest primary color component.

12. A sgystem according to claim 11, wherein
the adjustment is proportional to the relative

magnitude difference.

13. A system according 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
the color of the lowest primary color component is

used for the selecting and adjusting.

15. A system according to claim 11, wherein
the magnitude is adjusted to increase the relative
magnitude between the highest and lowest magnitude
color.

16. A system according to claim 11, wherein
the processor translates the color components from a
first color space into a primary color space before
the determining and translated back to the first
color space from the primary color space after the

adjustment.



nore of the color conponents as a function of the determ ned difference of
the mddle primary color conponent to the | owest prinmary color conponent.
12. A sysvenvareording to claim1l, wherein the adjust neRCTWUSO@RS6eHHOr t i onal
to the relative magnitude difference. 13. A systemaccording to claim 11,
wherein the magnitude of the colors is adilGsted only if the magnitude
difference is above a predeterm ned value. 14. A system according to claim
11, wherein the col orldf thesyowestaprondiyg cod orladnpohentndsudirsed for
the selecting and adjusting. 15. A _system according to_claim1l1l, wherein
the magnitude is %%?W%Wl%%@%%@%@ at s %rﬁlﬁ%oﬁ‘eﬁww t he

hi ghest and | owest agn i tud colo system accordin aim 11,
wherein the proc%tes%r ]tﬁ?%nt(saﬁl%t%rlr%léyc%?@?rc%%%%?s filrlorgﬁ c%l(?rst col or
space into a priMggAcool fia SPArfolielef dnd nerflelerds niag, and dans! al ed
back to the first "~ color space fromthe prinmdary color space after the

adj ust nent. WO 02f 722 9«FCI* USHd¢25654 -20 17. A system according to claim
11, including transformng the determ ning steps and the selecting step
fromthe primary color space to a first color space and perform ng the

i i in th ir | or m r.din | ai m
ig] u\i}];pgi rS]t €p the g S]E; Cosig)ems c?c(::c?ldlng to é/ tlem ]?lccowlgereglrgo ca

the processor operates on a pixel basis.

19. 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.

21. A system according to claim 11, wherein
the color processing system is one of an image

display, a video display and a printer.

22. A method of color accentuation of a color
image made up of areas, encoded in a color space,
the method comprising:

detecting in each area the magnitude of each
color component of the color space; and

changing the magnitude of color components in
each area in accordance with a pre-determined
scaling function, based on the relative differences

of the color components in a primary color



t he processor operates on a pixel basis. 19. A systemaccording to claim
11, wherein the processor operates on an area basis. 20. A system
accordi ngvooz/cizad m 11, wherein the col or processing systprarisoi@sesdsof a
canmera, video recorder, optical scanner and printer. 21. A system
according to claim 11, wherein the color processing systemis one of an

i mage display, a video display and a primder. 22. A nethod of col or
accentuation of a color imge nmade up of areas, encoded in a col or space,
t he met hod conprisilrigracstectdneyd ereash @nad itdte bradgdiet gedesttegach col or
conponent of the cal or space; and changing the nagnitude of col or
components in e&N A SLTRPIRYGTdance with a pre-determined scaling
function, based on the relative differences of the color conmponents in a
primary col or WO 02/17229 PCT/ USO1/ 25654 -21 subtractive col or space,
applied to the detected color conponents.



