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Vaiaionik21810(SYSTEM AND METHOD FOR CONTROLLING  pr/us2005/019097
METAMERISM] Cross Reference to Related Applications This application
is a continuation-In-part of U.S. Application Serial No. 09/931,678, filed
August 16, 2001, entitled System and Method for Managing Electronic
Transmission of Color Data, of which the entire disclosure is incorporated
herein by reference. Background of Invention Q C-579 PATENT
APPLICATION- 1 -The present invention relates to a system and method
fﬁ?ﬂwoxmg coordinating and disseminating formula
data i oted materials between a plurality of parties.
BACKGROUND OF THE INVENTION Electronic color production
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independently perform tasks associated with production of color-related
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associated with it that functions as a signature of the color. Once a spectral curve is
determined, the visible spectrum and coefficients are then processed to predict a
color formula for reproducing the color. The color formula can then be analyzed, for
example, to create a color ink formula for creating a colored object. [0001]0ther
common color representations exist, for example RGB represents the degree of red,
green and blue in a color. CMYK represents the degree of cyan, magenta, yellow and
black in a given color. Accurate translation between color representations, for
example a transiation from RGB to CMYK for computer monitors and. computer
printers is provided by various software applications. Accurate color reproduction is
achieved, in part, by retrieving data for a plurality of input and output devices, e.g.,
printers, monitors, and color measuring devices, and modifying the color translation
formulas to account for the specific devices receiving the data. Computer software
design packages, such as ADOBE ILLUSTRATOR and PAGEMAKER, provide such
conversion functionality.Another known system provides a method and apparatus for
accurately matching colors. For example, spectral data are received from a color
measuring device and the corresponding color is matched in an electronic color



reported. By searching in an electronic library, the traditional standard
CcolpH SWRIe9eok used for locating a desired color is replaced. TRiSt/s2005/019097
electronic color library is vulnerable, however, to problems associated
with reproducing samples from multiple devices. Another method involves
receiving a communication of the designer"s computer image and
converting the RGB setting to CIELAB,values. Computer software design
packages such as ADOBE PHOTOSHOP provide such conversion
functionality.Methods exist for defining color ink formulas for making ink
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with an objectionable color mismatch.




standard may not exhibit the optimum match to each other, leaving the
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PCT/US2005/019097 3 Summary of Invention [] The foregoing illustrates
the need for a system and method that provides a solution to problems
associated with metamerism. In a preferred embodiment, a designer or
specifier of materials uses an electronjc color library to select a color
which can be applied to a range of material types. In a preferred
embodiment, two or more material types are identified by the designer or
sifstitarmaryreb havettissiected color applied thereto, typically with
respect to a single manufacturing application. For example, a paper label
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For the purpose of illustrating the invention, there is shown in the drawings a form
which is presently preferred, it being understood, however, that the invention is not
limited to the precise arrangements and instrumentalities shown. The features and
advantages of the present invention will become apparent from the following
description of the invention that refers to the accompanying drawings, in which:Fig.
© 1is a diagram of an example hardware arrangement for a hybrid color shade library
system constructed in accordance with the present invention;Fig. 2 is a block
diagram of the functional elements of site processors and user terminals;Fig. 3
illustrates the relationships between database tables used in an embodiment of the
present invention;Fig. 4 depicts the relationships between the pertinent parties; Fig.



system constructed in accordance with the present invention;Fig. 2 is a
blagly Mirgranyef the functional elements of site processors and Usghs2005/019097
termin.als;Fig. 3 illustrates the relationships between database tables
used in an embodiment of the present invention;Fig. 4 depicts the
relationships between the pertinent parties; Fig. WO 2005/119190
PCT/US2005/019097 4 5 shows a flow chart identifying a control of the
processes involved in providing formulas to produce a single color on a
plurality of color products; Fig. 6 depicts a flow chart steps associated
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s&’é’é‘ﬁeéaﬁ*li"e rg‘grgag&nlgbject can mclude sound and/or motion video. Selection
is typically made by "clicking” on the link using an input device such as a mouse,

track ball and the like. Of course, one of ordinary skill in the art will appreciate that
any method by which an object presented on the screen can be selected is
sufficient.in accordance with the present invention, colorant formulas are developed
for at least two colored materials, one of which is may be an ink and the other of
which may be a non-ink material, such as a structural or decorative plastic, an
opaque paint coating or a fabric, The colors of these different materials match if a
comparison of the visual appearance is acceptably similar. The level of acceptability
is, typically, a commercial contractual agreement between the designer and the
producer. In accordance with the present invention, a colored material producer will
optimize (i.e., adjust the colorant type and amount) the formulas until the color of



sufficient.in accordance with the present invention, colorant formulas are
dewa)oes {91oat least two colored materials, one of which is may pera00s/019097
ink and the other of which may be a non-ink material, such as a structural
or decorative plastic, an opaque paint coating or a fabric. The colors of
these different materials match if a comparison of the visual appearance
is acceptably similar, The level of acceptability is, typically, a commercial
contractual agreement between the designer and the producer. In
accordance with the present invention, a colored material producer will
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disk drives, tape drives, CD~ROM or DVD drives, databases and application code and
one or more input device(s), for example keyboard, mouse, track ball and the
like.Also as used herein, a conditional match is referred to, generally, as a case in
which "an invariant match cannot be made [requiring] the colorist to be content with
making a close match under a limited sets of illuminating and viewing
conditions"(see Principles of Color Technology, Fred W. Billmeyer, jr. and Max
Saltzman, Second Edition, pp. 144-145, John Wiley & Sons, 1981).As noted in the
above publication, "[wlhenever it is agreed that a conditional match must be made, it
is important to know under what conditions (e.g. , preferred light source or sources)




like.Also as used herein and for purposes of convenience, the term
"warsSaispngeiers to a user terminal 6, and, as appropriate in cong@4tus005/019097
further refers to a person operating user terminal 6. Also as used herein,
the terms "workstation characteristics"and "user terminal characteristics"
refer to the functional elements of each workstation, including, but not
limited to, central processing units, R@QM, RAM, display devices, printing
devices, network interfaces, disk drives, floppy disk drives, tape drives,
CD-ROM or DVD drives, databases and application code and one or
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tapatlpe CRD-RO M ar BN drivedpbe of a smaller capacity than CPU 10 as
present in site processor 4, Similarly, it is likely that site processor 4 will include
storage devices 18 of & much higher capacity than storage devices 18 present in user
terminal 6. Of course, one of ordinary skill in the art will understand that the
capacities of the functional elements can be adjusted as needed.The nature of the
present invention is such that one skilled in the art of writing computer executed
code (software) can implement the described functions using one or more of a
combination of a popular computer programming language including but not limited
to "C++", Visual Basic, Java, ActiveX, XML, HTML, and other web application
development environments, for example ALLAIRE"S COLD FUSION®and MICROSOFT"S



storing program code, databases and application code, one or more input
dewierisys 2R siich as a keyboard, mouse, track ball and the like, 819511%82005/019097
display 22.The various components of site processor 4 need not be
physically contained within the same chassis or even located in a single
location. For example, as explained above with respect to databases
which can reside on storage device 18, storage device 18 may be located
at a site which is remote from the remaining elements of site processors
4, and may even be connected to CPU 10 across communication network
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CapeERMEURIAR YR ARE}s, designers, separators, printers, converters and the
like preferably interact with each other, and with System 2 itself, via one or more
hardware and/or software user interface(s). The user interfaces comprise display
screen controls such as text input areas, drop down lists, buttons and screen menus
providing users with tools for adding, viewing, and editing data. In one embodiment,
user terminal 6 receives data from a color measuring device, for example, a
spectrocolorimeter. A data stream is transmitted from the device which may be
initially formatted in a variety of device~related ("native") configurations. For
example, sequences of data values originating from some measuring devices
correspond to an interval in which spectral reflectance curves are read. One




further send, receive and display data to and from site processor 4 using
any, " eH eesmunication and display method, for example, Using & s2005/019097
non-Internet viewer coupled with a local area network protocol such as
the Internetwork Packet Exchange (IPX), Any suitable operating system
can be used on user terminal 6, for example, WINDOWS 3.x, WINDOWS
95, WINDOWS 98, WINDOWS CE, WJNDOWS NT, WINDOWS XP,
LINUX, Apple OS/9 or OS/X and any suitable PDA or PALM computer
operating system.In a preferred embodiment, System 2 provides a
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aiplugatityreffermatsmBXatar @i present invention. The tables are used by System
2 to store and manipulate data regarding development of color materials, including
colored ink. Users of System 2 are preferably given access to the database tables
and to the data therein. in a preferred embodiment, users are supplied with a
pointer to the specific database table and/or data rather than receiving the complete
database tables or data at the user terminal 6.As shown in Fig. 3, color library table
24 preferably contains records regarding colors. For example, spectral data
regarding a specific color are stored in color library table 24. Other types of
information stored in color library table are color material formulas that can recreate
colors or various materials. In addition to spectral data and color material formulas,



preferably transmitted directly to the receiving devices. Alternatively, the
forgngtesk, dat@care transmitted to site processor 4 and thereafter pcr/us2005/019097
forwarded to the respective receiving hardware and software
applications.In another embodiment, user terminal 6 interfaces with a
color measuring device and receives spectral data, but does not perform
any data processing functions. User tgrminal 6 transmits the spectral data
to site processor 4 at substantially the same time when the data are being
received from the measuring device. Programmed data formatting
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forantas i calarjibranitalle briorhetrmeresanther edietiasialle 26 water,
iINcHuA@s datA aikali, temperature, humidity, abrasion, crocking, bending, light and
ultraviolet radiation. By relating records in a plurality of tables to one or more
records in the color library table 24, System 2 provides a robust system and method
for providing selections directed to color product design and development. Further,
System 2 provides a plurality of selectable choices for users to retrieve a plurality of
color ink and material formulas to transmit to one or more color ink specialists, for
example, ink manufacturers and to one or more materials compounds.A detailed
description of the parties to System 2 and their respective functions is now discussed
with reference to Fig. 4.In accordance with the principles of the present invention,



regarding elements that can impact a color. Other criteria table 26
CoWginysiefo¥ample, data regarding a color”s ability to resist VaiRUsysz00s/019097
elements, such as water, solvent, acid, alkali, temperature, humidity,
abrasion, crocking, bending, light and ultraviolet radiation. Additional
examples of information stored in other criteria table 26 include
freeze-thaw cycles and lamination bopd strength. Moreover, these criteria
may be in the form of an ISO standard performance indices, such as ISO
105(A05 Gray Scale index of color change. There are also ISO indices of
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MeNie SRRk SPeEASe i ssible sequence of events. Of course, one skilled in
the art will recognize that many possible steps and combinations of procedural steps
are possible in order to provide a plurality of coler formulas to produce a color for a
plurality of color products.As shown in Fig. 5, a color selection is received from a
user operating an embodiment of the present invention (step S100). Preferably, a
color selection may be received by a user selecting a value in a graphic control, such
as a drop~down list, in a display screen. Of course, one skilled in the art will
recognize that many methods for providing data, with or without graphic controls



example, ink manufacturers and to one or more materials compounds.A
deyadedosiesqoption of the parties to System 2 and their respectivecr/1s2005/019097
functions is now discussed with reference to Fig. 4.In accordance with the
principles of the present invention, WO 2005/119190 :
PCT/US2005/019097 10 System 2 preferably receives color product data
from a plurality of sources, including g@lor measuring devices and user
terminals 6. As noted above, System 2 preferably stores a plurality of
color materials formulas tin a database and provides a color material
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forempdatios Aditosrapprovakafupiexammtenanufacturer 44 who is producing an
aluminum color product substrate receives the aptimized formula for producing the
selected color, teal, on aluminum. The same or different ink manufacturer 44 who is
producing a colored paper product receives the optimized formula for producing teal
on paper. Preferably, the optimized formulas are transmitted electronically, for
example by e~mail, file transfer protocol ("FTP"), or facsimile. Any known method of
transmitting the optimized formulas are envisioned herein.After the optimized
formulas are transmitted to the respective recipients, then, in step $S122, the process
ends. The example flow chart in Fig. 5 illustrates one way that System 2 can receive
a single color selection and a plurality of criteria selections in order to provide



of providing a plurality of color materials formulas to produce a color for a
Plui)ibgo9t fAly materials is now described with reference to the . 1r92005/019097
flowchart shown in Fig. 5. This example represents one possible
sequence of events, Of course, one skilled in the art will recognize that
many possible steps and combinations of procedural steps are possible

in order to provide a plurality of color fgrmulas to produce a color for a
plurality of color products.As shown in Fig. 5, a color selection is received
from a user operating an embodiment of the present invention (step
Spo0nireferablys foravlotsale clionomaip bt eeesivetlbyraaiserketecting a
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setdctiprdnadednvbtaptbd 6@dgsnattbrad ithathei @fitalia sedetionifria
Wihenetheeprocaks! ietcinsitastepos 106, Sfetaht 2RgaiR Barkes heolor and
datpiumingtiorrwdrethee ragiditmal crieripodede jere st Wisah the peeaess
centiesdersiep id fok@ulf 0Ok box 108. The number of text boxes 108 that are
presented to the user depends upon the number of criteria that are selected via
criteria drop-down list 104. Preferably, the formulas are calculated after a graphic
control, such as calculate formulas button 710, is selected. The formulas presented
in formula text boxes 108 are not optimized, and do not provide for reducing or
eliminating undesirable effects caused by metamerism. Accordingly, optimize
formulas button 112 is available to enable a user to invoke step S118 (Fig. 5 and Fig.
6) and provide optimized formulas. The optimized formulas are preferably provided
to the user, for example in optimized formula text boxes 114. Moreover, the
adjustments made to the formulas are provided in text boxes 116. In the example -



the process continues to step 5118.After all of the criteria selections have

begm sqisgIRM to the selected color, and color formulas have be?eT/U 2005/019097
provided and stored, the process continues to step 5118 and the ormu

are optimized in order to control undesirable effects, for example, caused

by metamerism. The steps involved in the optimization process are

further described with reference to a corresponding flow chart, shown in

Fig. 6.After the formulas are optimized in step 5118, then the process

continues to step 5120, and the optimized formulas are transmitted to

respective recipients. For example, an ink manufacturer 44 who is
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degref-otigianericeiiach 0r hesdiviaselesionrdsiersafbhadier the
determination is made, the formula is optimized to reduce or eliminate the

metameric effect on the color and criteria (step S208). The optimized
formulais, thereafter, stored in a database table, for example,
optimization table 35 (step 5210). In step 5212, the value of X is
incremented by 1, and in step 5214, a determination is made whether
another formula is provided for optimization. If another formula is
available, then the process loops to step 5202. If no other formula is
available, then the process terminates at step S21 6.Thus, using the steps



described above with respect to Fig. 6, a plurality of formulas are

optimized (step 5118, Fig. 5) in order to provide a single color on a

plurality of color products in which the effects caused by metamerism are

reduced or eliminated. Fig. 7 shows an example display screen'99 that LLOYD WISE
illustrates a GUI for enabling users of Sygtem 2 to make color and criteria

selections in order to avail themselves of the benefit of the present

invention. Of course, one skilled in tigy_angll recognize that the example

shown in Fig, 7 is only one of many possible ways that information

directed providing data can be presented,in the example display screen
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Is selected. The formulas presented in formula text boxes 108 are not
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effects ; i i timize . formulas button , .
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and préleg&ropigaliygeteiningas. SHeonpintetd felettian renpribtectibria
E’ﬁ%Yci:%‘%‘f’ to the user, for example in optimized formula text boxes 114.

Moreover, the adjustments made to the formulas are provided in text
boxes gEGtianiee bxaraptbingchEOOs/arsEeotiea Bubeotivst aiteTials:lection
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way the color appears. Theréfore, the user can preview the color in order
wlséftmn@n%nf@wﬂ hepResanhfaTeukestepizitic atiodude dheovelortfas a
seesa ferded sontitiens aRepd e B nhaplagions ade in
display screen 99 in order to ensure'the color Is correct. For example
differeflectnicali eptsniziogrie fysldorsay lenant dHersegiaiscctotmala to
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B e B e R B A e v
mRéPiRbpriate receiving parties. Thus, the present invention
advantageously provides a comprehensive network-based facility that
allows a variety of participants in the color product production chain to

%ommJﬁ@at@ﬂ&ér%fr@aimohmmﬁﬁmmmﬁmdﬁCMniegm regwiviigra third
SRR \Se dBHRIAG M THBRIFWRD QreWaEdREHER R AR SRIDAS, HRE'SF the first

receive the same o
criteria selection and the second criteria selection with the third criteria selection.

3. The method of claim 1, wherein the color choices and the criteria choices

are presented in a display.



communications firsthand and substantially instantaneously. Additionally,

a virtually unlimited number of users can log in and enter, monitor or

resolve the types of color-related issues discussed herein limited only byLLOYD WISE
the capacities of communication network 8 and site processor 4.Users of

the system can enter their own requestgsindependently and data

communications are triggered automatically without the need for

dystemirevitkthpe rsbola@rhirttevdesriénm tHderipveninsiudnsseforeRidne of a

factuters, designers and printers to operate at peak efficiency,
S T e o G o BNl B i method.
falotesttnl mettirodoand yeEgtmantt selldctigh the present invention has been
described in relation to particular embodiments thereof, many other
variations and modifications and other uses will become apparent to
those skiledietiiod aft claimptefenerin e toierithaicdbe s erenibilitgritioa color

o] ific disclosure herein. LLOYD W|SE 14 CLAIMS
L P e RO TR, ) & Ky o
amighidys aibaaiicior packiog dendilng fogbit tembttivavibitsr endibtims of
colored materials, the method comprising: electronically providing color
choices, the color choices selectable to represent the color; electronically
Brovidit§e metacshefainhé, omMbeteainlibi stepsl eftptiwitinge peesivingt

Inari D arerlasisenldns ahisaal ua dient ass elgplgrec

materialsS; electronically’receiving a color selection rrom color choices;
electronically receiving a first criteria selection from the criteria choices;

?!e(?troﬂ?é'#%éﬁﬁ_fdvéi?%iﬁ?%?%%ﬁj&?ﬁi%%e&ﬁa?ﬂﬂ{hﬂ%%g@r‘? ﬁéilﬁfé?ti is. the
choices; electronically matching the color selection and the first Criteria
dr@@in and providing a first formula suitable to produce the color
represented by the color selection for a first of the at least two different

%pes of colored materials; electronically matching the color selection and

e secOiRIBeibes ebriaimn anheieividieystescebagtionzio ischadse odifying
HOYS: they rAlen el Ebglsﬁ{é)eg_lgﬁ M rbleast two different types of
ect

colored materials; and ronically optimizing the first formula and the
second formula to control metamerism between the first colored material

and th?Tﬁ@%@ﬁ\%'?ﬁe‘gamﬁ‘ﬁ‘?_rf'é},'ﬂ?ermﬁﬁﬁﬁg?ﬁ# ﬁfoﬁ ﬁgﬁﬂe UBIEENoices and

!
comprising electronically receiving a third "criterfa selection from the
hediiesripricasiransiaptien kbltaste of the first criteria selection
and the second criteria selection with the third criteria selection. 3. The

method of claim 1, wherein the color choices and the criteria choices
10. A system for controlling metamerism by electronically providing a

plurality of formulas that are suitable to produce a color for at least two different
types of colored materials, the system comprising:

a memory that electronically stores a color choice, the color choice is
selectable to represent the color;

a color selection module that includes a color selection interface to
enable an electronic color selection from a plurality of color choices, wherein the
color choices and color selection are stored in the memory:; a criteria selection
module that includes a criteria selection interface to enable an electronic
selection of a first criteria selection and a second criteria selection from a
plurality of criteria choices, the first and second criteria selections and criteria

choices stored in memory;



are presented in a display. LLOYD WISE 15 4. The method of claim 1,
wherein the criteria includes at least one of a substrate, financial cost,
availability, resin, polymer, varnish, printing method, fabrication method L
and pigment selection. 5. The method of claim 1, wherein the criteria LOYD wisE
includes the ability for a color to resist gigleast one of sunlight, water,
solvent, acid, alkali, temperature, humidity, abrasion, cracking, bending,
light and pitreipigtrratiatiotd. dibetoribwt oh staiasl thehesrin $egestRitand

f providing, receiying, matching and optimizing occur over a ,
DRI EH0R RelGidiy 7210 R RBUF RN MR SRR P (R sefection and the
cerwndniciding selsodicnis the Internet. 8. The method of claim 1, wherein
the step of optimizing, incliudes modjfying .the color represented by the
color e EbR A SRR A B e R R e the
collor éboésshod tilecat lkash tohm oals iacamateatitznianidwyvitiesA second

stem for contralling metamerism by electronically providing a_pjurality. of

R R e R e Y oL e ehfront
types off collored matenials, thedsystem comprising: a memory that
electron] | oige .color.choice s, selectable t .
reprosc phuandh ga, 6 SRR SRSt ontimizes
shéietitkirfonteviacent thaablzoad ésotudaito asotret eetiaménsmabetwality the first

ALFRG ThtERSH YhG R é'%‘%e%ﬁ@%m‘ggiﬁégﬂa‘i?'” selection are stored

in the memory; a criteria selection Includes a criteria
selection interface to enable an electronic selection of a first criteria

%ﬁ'?c“‘}ﬂw%’}ﬂ.&r%&??%ﬁﬁ?% SRIRSHIA Iﬁ%”&ﬁte?%‘ @é‘féc%ﬂ'ﬁ‘?{é ace enables
choices, the first and second criteria selections and critéria” choices s oreg

iat ne@sioaythindeiastwrsEcreaansaiestignmodule that electronically

matches the color selection and the first criteria selection, and

electronically matches the color selection and the second criteria

é@ectio?h@mﬂagtécpﬁ@@m ﬂq‘atfprﬁmwmﬁr&immgm@mmr@dule that
RS RRIQt 8?{ rﬁ{eoﬁFgﬁfg&é%S& W@%ﬁ%#géc‘jrg? ’frﬂu%tesré%énérl%itgpa

provides a second formula suit to produce t or for a secon
sriegtieasvithdhertbieheriigiis sglestined materials; and an optimization
module, the optimization module electronically optimizes the first formula

and the second formula to control metamerism between the first
13.  The method of claim 10, further comprising a display that presents the

color choices and the criteria choices.

14. The method of claim 10, wherein the criteria includes at least one of a

substrate, financial cost, availability and pigment selection.

15.  The method of claim 10, wherein the criteria includes the ability for a
color to resist at least one of sunlight, water, solvent, acid, alkali, temperature,
humidity, abrasion, cracking, bending, light and ultraviolet radiation.

16.  The method of claim 10, further comprising a communication network.

17. The method of claim 16, wherein the communication network is the

Internet.



colored material and the second colored material. 11. The method of claim
10, wherein the criteria selection interface enables at least a third
electronic criteria selection. 12. The method of claim 11, further
comprising a combining module that combines at least one of the first LLOYD WISE
criteria selection and the second criterig 7selection with the third criteria ’
selection. 13. The method of claim 10, further comprising a display that
presents the color choices and the criteria choices. 14. The method of
im wherein the. criteri es at least on of a substra
el 8 B il iOHHET EcBeach PR PSRk ol the
tolarnepeasdmactitarithenchidestibeability for a color to resist at least one
of sunlight, water, solvent, acid, alkali, temperature, humidity, abrasion,
cracking, bending, light and ultraviolet radiation. 16. The method of claim
10, furthbe corthosiog eiaianﬂﬁufﬂmﬂrt'&rmna’tvv@singb?h Eleeimetiooibedglaumerein
e Q C nel Work ds the Inte et. LLOYD WISE 17
ﬁe @gwﬁé%gg ﬁ]lmglgr wHereln op?mlzﬁg module modifies
the color represented by the color ch0|ce 19 The method of claim 10,
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criteria choices are store er compr|S|
ma%ﬁlm@ﬂitwwmtgreﬂ@lé@lﬂﬁ@aﬂfgmmaﬂdn horse iarttheleleetronic library.
information stored in the electronic library.



