AUTOVATED | NK COLOR MATCHI NG OF SOLI DS AND TONES CROSS REFERENCE TO OTHER
APPLI CATI ONS: This application clains the benefit of U S. Provisional

Pat ent AppbDi20skG2em34No. 61/ 092,164 , filed on August 27, PROAB200040D04987 i S
hereby incorporated herein by reference in its entirety. TECHN CAL FI ELD:

The present invention rel ate col ' | re
particularly tﬁUEpMﬁE%P)lNﬁggL&ﬁgﬁﬁﬁrgﬂ'ﬁ% @E%&EWQB@C@F rand col ors,
al so known as SPOT colors, at both the solid color and one or nore

hal ft ones. BACKGROUND OF THE | NVENTI ON: Cﬁn@r&ﬁ al col or-matching software
and the al GROSSREFRRENCE TS OTHER ABELFATQNS: as, for exanple, those
based on the Kubel ka- Munk two-fl ux nodel or, for exanple, newer nodels

based on a multi-flux theory, such as are described in, for exanple, U S
Pat ent NosThig applicaiod claimeam benefit ohl. S)PrpviswoahPatgnt prrlicaHon Hlo- £ or

exanpl e, | ybjgg1pggﬁle'ds&egu%gg7g%%lg\gﬁé¢ s MR rdiRSincaBErdtéPRdrelBBy t 0 Hersch,

2005/ 00942 I'er” an to Lany,” attenpt to solve either

t he probl erefefnsein it emtlirety. mat chi ng usi ng subtractive color mxing | aws, or
docunent how to print ink as a tone scale using additive color mxing | aws.
Bl atantly absent from such conventional solutions are nmethods that allow
for the siTECHANICEAUFIERDPUting of a match for both the additive color and

the subtractive color. This absence i.s due tp t | exi: conmputing a
subt r aéQ i vENSRIGSENt BV rﬁ'at??l%%c Qrelpk p&o&%@%q,[ﬁﬁgﬁﬂgrg %«E%arrﬁ{tg reproduce
a speci fi cplicaf) malchingithe #k dods dfelpeciarbrant @siory, digo krmovpuas B§QIN additive
mat ch to reproduce the hal ftone appearance of the current ink pignent

conbi nat i ofRlorphpbets i saligkerlan A PLAOENYRORES- by oduced when col orants,
dyes or pignments are conbined with a carrier such as a resin or binder and

printed onto a substrate such as a | abel, package board, plastic filmor
foil. ThecBASHKGROUNROF HIEINXENJI®Non of the [ight incident on the

substr%e, in specific

Commercial color-matching software and the algorithms which they make use
of, such as, for example, those based on the Kubelka-Munk two-flux model or,
for example, newer models based on a multi-flux theory, such as are
described in, for example, U.S. Patent Nos. 7,109,903 to Cappelle and US

20 7,280,118 to Senn, or, for example, in U.S. Published Patent Application Nos.
2007/0091138 to Hersch, 2005/0094209 to Hasler and 2004/0145758 to
Lamy, attempt to solve either the problem of solid color matching using
subtractive color mixing laws, or document how to print ink as a tone scale
using additive color mixing laws.

25
Blatantly absent from such conventional solutions are methods that allow for
the simultaneous computing of a match for both the additive color and the
subtractive color. This absence is due to the complexity of computing a
subtractive match to obtain the correct composition of matter to reproduce a

30 specific brand color in an ink followed closely by computing an additive match
to reproduce the halftone appearance of the current ink pigment combination.
This is because subtractive color is produced when colorants, dyes or
pigments are combined with a carrier such as a resin or binder and printed
onto a substrate such as a label, package board, plastic film or foil. The

1-



spectral bands so that the result is the famliar color stimlus. For
exanple, a "red" pignent subtracts "blue" and "green" light fromthe

spect rumweandioonhsssrefl ects red to a viewer. In contrasPCTaSSu9N0MET i ve

col or production, additive color mxing occurs when |ight fromone printed
area is coaagméﬁbb \vgubtrabt'r’gmoéﬁdmmtaemghtghhdemtr@ thesabstrate, iexapepifie, a "red"
area surrounde unpr i nt "white' substrate mixes addifi o0 produce
a light re@pedgl Bgmé %B}?ég'}earﬁéﬂl.t 'sltﬁe??ﬂ:‘ﬁ',ar £olar ?TE? df- gg'ij%)fal\ﬁs&elxbé)nbfnation
i ncl udes maRY" siPRRNESUKFACRSlud Rd “Gresin” gsteigelthd spdctrdimgndioniyt he physi cal
transfer of the ink dot to the substrate where the size of the dot on a
printing fgfectsrregitapeiewss. pr oduce a | arger dot than intended, known as
_physica% dot gain, or (ii) the dot may appear to be larger than it actually
is due to |ateral propagation of Iight through the substrate that passes up
t hr ough t hén ¢orkragbto, subtreaiiveseolenppriodHttione Adgitye ColPHEBANGAGCUS Whear ef fect s
can produc ! b Syitl i he normal ink
dot col or g%rg fﬁ%ﬁ%‘%ébb%@gg&sﬁg&tﬁbﬁ g’grg‘w%ﬁﬁ%ﬁr@??}?gﬁ ef fects have
been syst efat éxarhplyg, atred! aacusiounded Yy anpritied jwhite” sgbstvalednix@gl ot her s,

such as, for .ex I I n |l Qwi.: ol I d wJ.

Ni el sen, " ?ﬂ@ﬁ@ﬂg‘% S@PFS%%gﬁgh{%Eh?%'ﬁ?’o a%é%cghcﬁlfat%st’ tEEfagg%mon Hal f t one
seior odulgtr:1 i egai]gvé?cmbinmlmnc}wbs rdanypgpechi effécts 1198 hyst Maeled, apper, J. A. C.
ule, "The, ect o tiple Ipternal. Reflgectian I.tie f

Hal f - t one IﬂCILWﬂ@Q @rﬁ‘?’%bé?'cg t?@ﬁfﬁﬁaﬂfﬂlﬁ'n[ﬁeﬁgt %&hﬂé&?S%&R’VQ} §Q§¥§%\%¢ariscg, Vol .

43, t{\b- 7, ogﬁheb&%.@{\.@?@ﬁntiﬁé‘?&m or ;6$atef mlﬁlsbgecrduce"a@atgemalbt tﬂ’tgh intended,| at er al

scattering Probabilities" Journal. i ng_Sci ynol ,

32 341 34900085 PhyFER dot BanrBgE e Aol TaRaaAr Jobe TP Ul e model of
hal ftone r gEd 8 BRRR to I4t8FP prdpaganses bf Kghembigmiiesubsifate thabpagses402- 407
(2000). The conventi onal assumr::t ion is that additive col gé{g%te%g is a

pur el y 1§ i neBthrgral iesink otuNewn@seRlisRIA0t §pIn hE'SsFiaNd LR i formy and
'( | hear 't gnfe)ﬁmgﬁ{agugggyghs&imw tRbEis (RGrhenste Bedwaen e Noratal hiked ar ea
dot color and the unprinted substrate color.
These and related effects have been systematically studied over the years by
J. A. C. Yule and others, such as, for example, in the following papers: J.A.C.
20 Yule and W.J. Nielsen, “The Penetration of Light into Paper and Its Effect on
Halftone Reproduction”, Proc. TAGA, vol. 4, pp. 66-75 (1951); F.R. Clapper,
J.A.C. Yule, “The Effect of Multiple Internal Reflections on the Densities of
Half-tone Prints on Paper”, Journal of the Optical Society of America, Vol. 43,
No. 7, pp. 600-603, (1953); G.L. Rogers, “Optical dot gain: lateral scattering
25 Probabilities” Journal of Imaging Science and Technology, 42:341-345
(1998); and G. L. Rogers, “A generalized Clapper-Yule model of halftone

reflectance”, Color Research & Application, Vol. 25, pp 402-407 (2000).

The conventional assumption is that additive color mixing is a purely linear
30 process in which the color of the print changes uniformly and linearly from an
unprinted substrate (0% tone) to a fully printed area (100% tone). This forms
the basis for traditional four-color process printing. Process printing inks D
contain one colorant or occasionally a first major colorant and a second minor
colorant. Due to their linear nature at the various halftone steps (i.e. from
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the basis for traditional four-color process printing. Process printing

I nks contwonofR46Q! orant or occasionally a first maj or pe@h@Xp@dloopsd a
second mnor colorant. Due to their linear nature at the various hal ftone

steps (i.e. from00%tone strength all the way down to 0%, nono-pignmented

acur ot o y TR A Y o T o e e Pand

accurately reproduce ver, en applied to brand

col ors, thcalomsalowplor the dradicton bBnkedlor farmeiaETthabeeruratelTeREIMUSEE N ni xt ur es
of multiple coltor%nhs that use subtractive m xing to produce a uni que col or
stimlus. THE $BPHR™Br and col ors” refers to custoner-specific

mul ti-pignented colors that are often associated with a specific product or

brand nane, such as, for e | e,, the precise hi f T yel | ow used by
Kodak ih i HOWEYRi% PH@PQH%J E’E%P?icg%sggh' %ég‘r"ﬂpfr’:"(ga’l %,”S'br%gan@‘g)él ors are

sonet i mes spbAT A ihks esntaipaRiLREs 6DMatiple’ coliranBrthatousal subtriaktices al | ow f or
reliable prediction of forpulae for produci ng mylti-pignmented ot colors
-"brand COW@QW-P’PHH‘%“? éé‘ﬁ"’éﬂécﬁﬁ’l’%{tsé'wkf%?@}? tg"?t érl*?@gr g%{tc‘ r 8%?/0% one
strength {{yRomerOhddicCRLRILPigmERRNV®Iors Whtrard Bften asgoigteeditateed fornul a for
the brand color 1s printed at various hal ftone values, it often no |onger

mat ches t hepanifierRIogettelr bsanshripe, $HES asefarIeXarBlR. e RECiSS UG 6P

mul €1 - p§ OB G B8 GPKBES HNRRIbGHE dndladvarishigs Atbofdinglg, val ues. Thus,
a need in the'art exists for a systemthat can accurately predict a color

f or mul a t hatandidolorsrate$oraetimesn tefeded o as Hpgaialiclershot h 100% t one strength
as well as at any of the halftone steps up to the 100%tone value (e.g. 5%
10% 15% hal ftones, etc.). Notw thstanding this need, conventional systens
and net hod€ohweargionat mathiodaptiew ferorehiable predicionalf derenutae fos MECHICEs of SPOT

colors. This,s because ol one Agtchhe col or of
the solid, npﬁlé}plggﬁg?qfispg# g&ﬁgs Sg{r?rga 8@8}% hgth?%(?]% \%‘gﬁﬁglgﬁ/ncr ease of the
printing psaheardia 100stonkIstrehgthhii e., dalicicalor). Houwevat ovhrent tBisysamg ch t he
color of the tone step,. ope would need hay, revi R lNied the ink,
using a pr Br@pfcgef fﬂ/@f’%rﬁ%\p\ehbrﬁ"? 88!” rm}dﬁe_d QV¥arlu§ HalttbrieWalds' k

often no longer matches the brand color standard due to the non-linear nature

of multi-pigmented brand colors when printed at various halftone values.

Thus, a need in the art exists for a system that can accurately predict a color

20 formula that will match a brand color standard at both 100% tone strength as
well as at any of the halftone steps up to the 100% tone value (e.g. 5%, 10%,

15% halftones, etc.).

Notwithstanding this need, conventional systems and methods have not

25  attempted to match the colors of tone steps of SPOT colors. This is because
the color of a tone step depends on the color of the solid, the density of the
solid and the tone value increase of the printing plate. To know all of this data
and thus accurately match the color of the tone step, one would need to have
previously printed the ink, using a proofing system with a tone wedge.

30
Electronic color production hardware and software systems currently exist
which read the visible spectrum of a color sample and generate data directed
to measured amounts of light absorbed or reflected at particular points in the

spectrum. Any given color has a spectral curve associated with it that
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El ectroni c col or production hardware and software systens currently exi st
whi ch read the visible spectrumof a color sanple and generate data

di rect ed wo 20meeu4ed anmounts of |ight absorbed or refl eeceasatoopet9s? cul ar
points in the spectrum Any given color has a spectral curve associ at ed
with it thatfunctions as a signature of that col or C tral curve
is determ rfmqptioms]esaiségrmtwegﬁgzqtmmramcec?e%%%%?ﬂ%e ‘get?rﬁ‘@ﬁe‘gr ocessed to

predict a ol \(R%Ib 22 Juk fé}{d E&é‘?ﬁﬁé'r%'awtr{e*heprs@@éd td biedicreAsdisi ng t echni que
iS nobre accura an, exa he colorinetric approach to col or

r epresent atformmldaimr:aemedud'mg thel ml@r ﬁﬁ&s rpeagiregiteshsinyeis Wﬁé’éﬁcufaﬁ% sanme in
any |1 G| e, o0uiL RIENY . T8 46Ol AATRLAGELo RS FEERSER0n bR

met hod ( Cl represents the |ightness
to dar ksesﬂweoéolarsomépbepé&lcteepmrmmeasthdﬂam%@rﬁm@lgthbn@\e@élﬁmﬁ%%ntof a col or
and "B" represents the yellowness to blueness of a color. Using this
system simlarity values between colors can be determ ned by cal cul ating
the sum of ﬂwb%oﬁﬁ.wt@@reﬁregématmnfmrmm lethadd G IELAB) ofdepriedentind, A and B

val ues. However, as noted, this net not, as 2hensi ve as

det er ni ni ng CHREcWhare L Fereeses the | %?%?5338 SRI0ES? ﬁ’ggggf are applicable
for only ongybight tHOredRBsE id greenhdsf @rd mOdargiﬂB"mgpreeentsttln@ns can product
di fferent shades of color, and then a new set IE@@B val ues. O her

conmon 180! yellewassde hueneshef @ ﬁ@\%d@s'“ﬂdp'sé\/%‘?ﬁ] &mi Y#IFE® represents the
degree of redyedi &idtsaf ! déi‘eﬂn'ﬂnéd Bglcarculaaﬁgl tHeMYIfn oMiecdyuaees esent s the

degree of cyan, magenta, yellow and in_a Pl ven col or. Accurate
transl at i othedifferspnes betveandpe individualiloAsandsB ¥alUgs, Hoyrevel Asgiated.

transl ati Oﬁ}%ﬂ%’ﬁ\% o a5 E’)%fer&ﬂ}@pég%tefﬂﬂinb%béc@ﬂ%uﬂés%?és can be

provi ded. urate c or rep ction is achieved, in part, by retrieving
data for acploubatadsye tbé valuestareagplnabfsufior gelvmeélghténggconqmmt ers, nonitors,

70" accdant hes erBRUAE Kpdilongoh, AR OARS U cOBR AR T Ol e

to acc es recei ving One known system
provi des anﬁwtshabdf@lﬂma)palua&us for accurately matching

Other common color representations include, for example, RGB which
represents the degree of red, green and blue in a color, and CMYK, which

20 represents the degree of cyan, magenta, yellow and black in a given color.
Accurate translation between color representations, such as, for example, a
translation from RGB to CMYK for computer monitors and printers can be
provided. Accurate color reproduction is achieved, in part, by retrieving data
for a plurality of input and output devices, e.g., printers, monitors, and color

25  measuring devices, and modifying the color translation formulas to account for

- the specific devices receiving the data.

One known system provides a method and apparatus for accurately matching
colors. For example, spectral data are received from a color measuring

30 device and the corresponding color is matched in an electronic color library.
The desired color is compared to colors stored in the electronic color library
and the color or colors in the library that are within a specified color range are
reported. By searching within such an electronic library, the traditional
standard color swatch book used for locating a desired color is replaced.
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colors. For exanple, spectral data are received froma col or neasuring
devi ce and the corresponding color is matched in an el ectronic col or

l'i brary. wbeoterigsed col or is conpared to col ors st or edPCH/ush@9she31 r oni c
color library and the color or colors in the library that are within a
specified color range are reported. B searchin%bmﬁthin such an, el ectronic

library, tIOWeVaHiSUFDARCleRtrAFLACTIBIY isHpeiqb BieroblEmsiasrosaied: ng a
desired colak dréd e&ﬁ&egw&hltipw&é\,iég},_e| ectronic color library is

vul nerabl e to 'proble associated wth producing sanples fromnultiple
devices. G ven the common use of halftone printing, current color

E e it AR YN BE o Wi Re brifl B PLALBIR ASAIATAS TUCh a5 { he

conventi on asis is on matc the solid ink color. As color
printing pteteskgy doesnobmeetimatketplacsy ned¢dsinbsmueh as the eriveptioral t ake

advantage of the both the .solj lQF I a : ane val ues
in order t&MRIGSFEHPR "%ﬁqgmﬁﬁrga@ tﬁ‘gtsgiliq M?r?% reﬂgg{)@?mg ';tgggcg%e(%f or

exanpl e, Vioa dveidktvariety afrsubstrate$ f-ursivo nftem thketduyaniageto the ethdh@it i on

met hodol ogy), ,a net hod of formul afi a_mtch t i.dscol or and one
or nore toﬁ@"'Q/Q‘i"%‘éan? ai‘%eséa?%ﬁ“ E{ﬂdggn%é{ﬂluﬁ? frhéf%fe?r%r%%og%éé}éﬁggt ability to
the col ori ffage BEQA N thEctorgreeeds E@rexalrple, diahalflondteafonidiftysicor mul ae t hat
result in color matches between disparate naterial "T’SUE strab§§eh

col ori 1§/ i PAMiOHErMHYersgreration @ﬁHlQQQ[Qgé(b;ﬂ fi“@ﬁlouddﬁi‘?r UG in the
devel opnengy, B{;th%%lﬂmoﬂ?%d%e%r rhoteStoné Ralues \wf tHe $xen@bblyr ears brind e

conbi nation of pignents that will produce the correct col c1r fg{]. both the

sol i d tonedmaioyed crpapiability te e Wcl%rrr}sewpa?%-%{woaﬂ%ﬁm? POBKHE and the
unpri nt ed %B%ﬁiﬁ&rf&mux{é?{haf t%shﬁ'i’r}fc&@fﬂ%f&hleg Helfeet disparattmatdriaat ed net hod

for finding such”a conbination of colorants without requiring a conplex
suite of sd$ubstrateshlepiringlimagingRreresSESERAEPNAAEEPPIERIGRAWN NGS For t he
purpoaﬁ of illustrating the invention, there is shown in the drawi ngs a
formwlfch is presently preferred, it being understood, however, that the
i nventi on ils general, imthestevetopntent of edstom &Pgar@&femh% thee WihBe elveht al i ti es

single combination of pigments that will produce the correct color for both the
solid tones and for halftones intermediate between the full tone and the
unprinted substrate. What is thus needed in the art is an automated method

20 for finding such a combination of colorants without requiring a complex suite

of software algorithms.

BRIEF DESCRIPTION OF THE DRAWINGS
For the purpose of illustrating the invention, there is shown in the drawings a

25  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:

30 Fig. 1 depicts a chromaticness plot of a number of different exemplary SPOT
color inks, where the 100% tones are nearly co-incident while the halftones
are quite separated;

Figs. 2A depict an exemplary pair of printed labels showing a solid color

match between two ink formulations;



shown. The features and advantages of the present invention will becone
apparent fromthe follow ng description of the invention that refers to the
acconpanywogotdvewinags, in which: Fig. 1 depicts a chroneCirarsee@s/opoet of a
nunber of different exenplary SPOT col or inks, where the 100% tones are

nearly co-incident while the hal ftones ar uite s d, Fi 2A depi ct
an exenpl af{gspaPrdapict ihe ﬁ{‘%’aplla%l%ﬁ"éogﬂ%&?ﬁéa |ss§)lpc?vgr9?{f®r§. %a@ég%lgvet vveeﬁp!t\(/:\o
i nk_fornul %[Bq{gﬁxfidﬂeg%se B thenhkédl deBgnexenpl ary pair of printed | abel s shown
in Figs. 2, but now wth halftones used i,n%%he | abel  design:. Fids. 3A

depi ct an EigsmAfadgpishian SfeMRIARY B KEXINIEhHREY SBOLNBH 8 YRt ch but a
hal ftone Gk DRLNERS miyRatchlbet vl iR RsimcRit@Rs; 3B depict a series of
hal ft ones between 40% and 100% ang a side by side cor&;e\ri son of the

ga| ftones Figs. 8Bctiemét a kerieswof halktones haween A% AngwH (" aBdR sidePYang t he
| ELAB col or, differ t | LBtioAs IREWVE P a
process fl BWGCQ?Q?RN'E@@(;%F | n%gﬁ%hégnhﬁéggén%ﬁfa@% %ﬁgﬁﬁh@n? I(c;fst h‘gwpresent

i nvent i on; Figsy 3AGndethe QIELABsplar differemasf betwean Hie paits @ftogefive for an

exenpl ary SPOT vyiolet color; . Fi 7 | i al
refl ectancé'd 4e %Q'Ctél?rW@geﬁsoﬂow&gaggg%@g]&g\?{ o?%%rﬁélgméébmﬁ%ﬁgyat ch the
SPOT vi ol eqhé:Qﬂe@éntqﬁvé?it@n; 5 at the 100% tone, but m smatch at other tones;

on’ gdfut P doRiet A PrEva e TREck, BT gLy BhemfiBi) SBOR dggl € Pl otted

accordi ng {giegn exenplary enbodi ment of the present invention; Fig. 9
depi cts an exenpl alr% shade library recor ure accordi.ng to an
d t?:vgs

exenpl ary &igso8iansnt depickaxempiary éﬁ?cﬁ’?{\fﬁﬁqqﬁ%?r‘éjecftﬂ:t@r YRy an exenpl ary
shade |ibr atumBeay Giict CoRRIWARRMiateRthd SPAT wuermdion of Rghmdi tent of t he
present invention;
100% tone, but mismatch at other tones;
15 Fig. 8 depicts an exemplary interpolated “NewViolet” halftone scale plotted on
a gamut chart with the two inks of Figs. 6 and 7 as components, according to
an exemplary embodiment of the present invention;
Fig. 9 depicts an exemplary shade library record structure according to an
exemplary embodiment of the present invention;
20
Fig. 10 depicts an exemplary shade library search screen according to an
exemplary embodiment of the present invention;
Fig. 11 depicts an exemplary composition of matter record according to an
exemplary embodiment of the present invention; and
25  Fig. 12 depicts an exemplary screen shot from an exemplary color shade
library depicting a solid color and various halftones according to an exemplary

embodiment of the present invention.

It is noted that the patent or application file contains at least one drawing
30 executed in color. Copies of this patent or patent application publication with
color drawing(s) will be provided by the Office upon request and payment of

the necessary fee.
SUMMARY OF THE INVENTION



Fig. 11 depicts an exenplary conposition of matter record according to an
exenpl ary enbodi nent of the present invention; and Fig. 12 depicts an
exenpl ar yweenmand4sghot from an exenpl ary col or shade | i brarysdepioctssng a
solid color and various halftones according to an exenpl ary enbodi nent of

the present invention snot at the aent o] pllcatlo file
contains aft? Fr@ag?v%%“ﬁrﬂ %ﬁ{ft%r?egpbgroc‘?'w 0k erwli BE R @p09Eat ent or

patent appkéfBihhfith B Blgntetitd ﬂ’fht%ll r&d@lcerthélrca%etgécﬂar fir Idotthehepsalidi ded by
the O fice upon request and pa t he necessary fee SUMVARY OF THE

| NVENTI ONI 1PneR&@ndlefor (08 rRf Okt @ﬁ@@%ﬁﬂ@@pdﬁe&et\w%t & firengiand pbe only a
si ngl e complengdd e %utﬁt&'@rﬁ%o’&é\ }flénl'nlanerrﬁgtﬂﬁﬁ ié Beeé‘emoefar fpalrgr for both

the solid tone one or ftones internedi ate between the full
tone an@l tsechua pﬁmbtr@djoe @ selosands wAhn@tvrenusvpgtaemraﬁlex FEite Of spéWaieesent ed

for Tindinggstifihs® PRI MelAbs GOLAIBNLP a bl Wt khBAH!doldia dison! ex

suite of sortware gorithms I nclu a searc | brary of
known col oprmted nkistopai mpedf%tmbatrapecarﬂ edntedbsssingt epacifledr pintieg usi ng

For oxampl ey REME oL o shER & REERLER T hodpL o picth L P ACPT 2, T

spectral rkmeakt m@rﬁmoamn @ﬁcdldrenisrdndanedmstrhsspe@trel retﬂebtance/édatms (XYZ and

Cl ELAB) of e.solid in ol or 0% t 0%
(unpri 119 ed® gstgﬁért"? a?gf“bﬁliﬁ% L&ﬂllor @ﬁ@’@f}fﬁtd%s"s” e%q??rl ed in
units of %ﬂ)@% téhel AOTY 1 1O%U§teF§mjoﬁ\}rﬁtb 0% (urpxiated eubstmet@l vensasch & bi t
Integers (0 to 255). In exe I nventi on,

ar enbodlme of t pr.esent
such a seaﬁ’@ﬂb?%'&@@%ﬂ?%@a% seeqifird E‘dF’Bﬁsth%;l(o%éEt Z)Ot/ ePUFagrals@qui r enent s

and si mul t gpeQaple, BB%;ﬁ@nté‘ﬁS-%ﬁhr%gér%C{G'téQBBWI% élerfiEry@mbBtiment er medi at e
hal ft one steps. The clai med met hod can .t hus achi eve a printing ink fornula

that produefedbePresansinvention surha saaichiesates Hisr selid 'BlStCIﬁ"QrHBatsrBP?ﬁ col or and
RIS e A R
one or more intermediate hal one steps. The claimed method can thus
achieve a printing ink formula that produces a color match to a customer proof
at both the solid color and at one or more halftones with ink coverages lying
between the unprinted substrate (0% tone) and the fully printed substrate

20 (100% tone) .

DETAILED DESCRIPTION OF THE INVENTION

In exemplary embodiments of the present invention, a color shade library or

palette with both full tones (solids) and halftones can provide the means of
25 finding a unique combination of colorants and ink film weight that can, for

exarhple, provide an optimum match for an entire tone scale, printed using a

specified printing technology onto a specified substrate.

In general, in the development of custom SPOT color inks, there will be only a
30 single combination of pigments that will produce the correct color for both the
solid tones and for halftones intermediate between the full tone and the
unprinted substrate. These multiple colorant combinations produce a unique
spectral signature which leads to the combined behavior of solid color and
halftone color. The failure of prior art reproduction schemes results from the
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(100% tone) . DETAILED DESCRI PTI ON OF THE | NVENTI ON I n exenpl ary

enbodi nents of the present invention, a color shade library or palette with
bot h ful Iwoans#2§siel i ds) and hal ft ones can provi de the mrearzs2@b/0b498Ti ng a
uni que conbi nation of colorants and ink filmweight that can, for exanple,

provi de an_optimum match for an entiye tone scale, printed using a
speci fi ed E?rcl?mthprtpMSICB[ﬁ'”aﬁﬁ'%o'é rlgﬁma}tﬁc&dog E?Y"h{c A3 eral, in
the devel oga@iin tAk figUslsPrbSIETstENgh norilikear hdrivioryd | | be only a single

conbi nati on of pignments that will produce the correct color for both the

solipl tones and for hal ftones i_nterrredi ate betwee_n the full tone and t_he
unprinted gypsidAbe; FT&ﬁ§§e;51k'tUd BB RALSAPIoCH TR BHéreRs SPOTIEBIEr @ uni que

spectral signature whith |eads to the conbined behavior of solid color and
hal ft on® cisker FigTAeexhitiitsithe specisali @tputraf twestitiereat fosmulaeniondstypiedul t s from
thefact th ' | Qi b | & A ich as
can b seet I TG PRt Pl S R Bl By Ohaltbhe Sepr Tt g ERCE% R

exanpl e, Fhneutrdl--diefhedhterseatinn @fdt CHEiléB bphod Oo€CIBELAR atiat ther eentersPiOT col or

inks. Fig.,l exhibits ectr t diffe f e for a
typi cal yemeow a&’ﬁ'g téu (ﬁaﬁé (g&géo@lcrﬂ'&ﬁhg?ﬁ' \r/tgé?toﬁgmhg{a&t %ﬁgksl’t g%ws:ngi ng
from 0% ( gappeariagt atatheaippeneighnt woletscappearinf 4t t6eHoWEr bghttotiF@. G)ELAB a* at

the center of t aph 0, 100% (sqlid colaqr-points furt from gray
neut r alt? y@?’]"&ﬁg %Qg%%gf‘%enéc’tgt OE'Wélgﬁg?)re‘?aQ?‘i %{ﬁf‘e R(‘f? 8P@fss H'&pg}:@?\{vnggn%at t he

| ower ri ghiiort) febgaseh) clo¥Binhdtciaés, 108 Yolotsdo noohiatdroammoaeof the atherh of t he
two colors (i.e., %)(;I | ow and vi ol ?t repé_gsent Clﬂ? ﬁ' matihes the colors do
not match BeIMtARR SRS 3IARY e sPerid! fupie D8 F0aRP S‘PrFé’“ iM% urve. The
shape of thbs TRY BYint td RN Hofrt WHLRHNBEIYIthe Spédiral 8naRIraf te

determ ned by the spectral signature of the particular conbination of

col orants Dadgulppcerpbinatien phedlprarts uspdLoHrequeeitBa Nks further illustrated in
Figs. 2sand 3 . Figs. 2A depict an exenplary pair of printed |abels show ng
a solid color match between two ink fornulations. Figs. 2B depict the
exenpl ary phissitgatiqiy is durderillséptedsindugs. i2and 3. Figs. 2A depict an

exemplary pair of printed labels showing a solid color match between two ink
formulations. Figs. 2B depict the exemplary pair of printed labels shown in
Figs. 2, but now with halftones used in the label design, and one can clearly

20 see the mismatch all through the halftones between the two inks respectively

used.

Similarly, Figs. 3A depict an exemplary pair of printed boxes showing a solid
color match but a halftone mismatch between two ink formulations. Figs. 3B
depict a series of halftones between 40% and 100% and a side by side

25  comparison of the halftones for each of the two ink formulations shown in
Figs. 3A, again showing the detailed mismatches at the halftones between
80% dwon to 40%.

Thus, Fig. 1 is a typical representation of prior art color matching systems,
which, in this scenario, have accurately predicted formulae for 100% tone, or
30 solid, brand colors, but in both the yellow and purple colors represented on
the graph, the predicted formulae do not represent a satisfactory color match
when printed at the vast majority of halftone values. Moreover, such an

unsatisfactory match would not be discovered until the colors were actually
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Figs. 2, but nowwth halftones used in the | abel design, and one can
clearly see the msmatch all through the halftones between the two inks
respect i webypowsea44Si m |l arly, Figs. 3A depict an exenpl acy/uysatom/oefo3pri nt ed
boxes showing a solid color match but a halftone m smatch between two ink
formul ations. Figs. 3B depict. a series of halftones g@h\/\een 40% and 100%
and a si depBQtegl%p’@éﬁﬁ&FrFesYﬁ{'o&P NG ASIYRT WIHATORAS BRAWR Iy i ik

fornul at i opgysShaywThdplaset .n%tloammmwnmrbb@ndw aamgl pmmmy: hes at
t he hal fton€s between 80% dwon to 40% Thus,

r epr esent amappedfouptedirand €olop refosEe aamyt %E%f‘ 8% hamﬂra% g"ﬁdrﬁﬁ?'ﬂn%
scenar | Obupﬂé’%fgﬁ:t?ﬁro% Rl y c{aro?qibFatrf%rf |9fé?%@i%v£|05nd1%%§dm®n o & i d, brand

col ors, | ow and purple colors represented on the graph
t he predi cfcafmuﬂa)bemreagmd@tmbtesﬁepr esent a satisfactory color match when
printed at the vast mgjority of hal ftone values. Mreover, such an

unsati sfactory match woul d not be discovered until the colors were

actual lyprinted on press at the various halftone values. A simlar

or obl em by "TERA B S0peHEiey T dspe arestnt PREMS LT P UERSRR L S of
0- 100% hal fﬁe!)é‘tﬂlsisalnd r&lftmrnlesgortmvsnembbcmlmm benfully captared inlar eolgr f or I at er
el Ay ot Fiomeescie PReshiealois et Pantc ahbr ERuatars ShERa: ur os of
the solidsagn@r Bﬁérﬁb@neﬁaﬁcﬂ LeavBr Vtys,ab be @onpaiterifor beay fnk fomalapt ured in a
color library. The spectral signature allows the trichromatic col or

coor di nat e3S PE0EN A2 IVEP SEREFHEe, CIELAB L* a* b* val ues, to be conmput ed

for any ink fornula as printed on a given substrate. The library of known

formul as and hal ftones can then, for exanple, be searched for the ink that
produces t Abe dbraneef knaywniorpulasiandlitenes$iae taerny fPeXammrle sty hal ft one. When

te;]gt rggor ge%{%hét?\‘ﬁ?‘ihe WQhét{PrBBU@és' A c@ﬂe@tr&ﬁd’((‘dfrt‘lge s8R foRK akafort hen, for
npl e; be di ayed exact orrru ation than can
the 50% halftone When that record is found, the information on producing
the ink can then, for example, be displayed. If the exact formulation than can
produce an acceptable color for both the solid tone and the specified
halftone(s) is not found, it is possible to take two similar, but different ink
20 formulas from the library and apply a simple interpolation to obtain the
spectral signature of the ink formula that lies between them, producing an
exact spectral signature that is required to produce the correct solid color and
halftone color(s). This process is significantly faster and simpler than the
conventional methods described above for attempting to produce the required
25  color by sequential computation of a subtractive match followed by an additive

match.

No single formula exists to give the numerical solution. Some of the cited
prior art attempts to solve the two problems simultaneously or sequentially
30 using a “trial & error” model — i.e., match the solid color, using a subtractive
mixing model algorithm then run an additive mixing model to see if the tones
and solids both meet requirements. If they do not, the subtractive match is
request is requested again using a different combination of colorants and the

tones again computed.



produce an acceptable color for both the solid tone and the specified

hal ftone(s) is not found, it is possible to take two simlar, but different
i nk formwaofowaam4atthe | i brary and apply a sinple interpeCatisermonessshbt ai n
the spectral signature of the ink fornmula that |ies between them producing
an exact spectral signature that is required to produce the correct solid
color and hal ftone color(s). This process is significantly faster and

si mpl er t hameidiRplaR¥RBbdifiEnts S6ddMa@iAg t6lerRcirebat imkenien fdikg §whdn ng to
produce the required color by sequential conputation of a subtractive match

fol | owed byppHmuBHENatGh eamRivide RPrandaWaef gifimprevad Pendegilydnihe
nuneri cal ﬁﬂ)em ga&aggﬁiy&gfmhfahﬁséé h&ftoREs. OF oPéfarApIE A do bop&atuar t he two

probl ens si'nu neo (I) sequentially using a "trial & error” nodel -

i . e., mhtclrateedressi ditle ospecificuspieg rgquimenist Fare ba »armgednaie VaBPYori t hm
then run a [ L1 V. | %[0 I Tynk ey et Saki bot h neet
requi remen'?g.gg%té% h%f“éfélnﬁotv,gﬁ{étﬁée asrg%é:s‘r%g%t ia\r/mg ﬁn‘%gt %ﬁ%?é’é%gﬁ%g?ﬁ%s request ed
agai n usi nincudihd haftemss € cabhbaaiways efrrestly oradehed. and t he tones again

conput ed. I n exenpl ary enbodi nents according to the present invention,
finding such an opti mum match can provide a brand owner with inproved brand
equity in & gxeaplagcEapedidesitg nadcoatingi stes tHealpfesemé sinvértionesadplan a | ogo

or particular trade, dress with SBecif.i col r.equi rtement can .be printed
on var ilBus °BUBLEY TeLInG, Aragepn §aD-wariales P dhe JUEARE PardalEh 4p @

speci fi cat kRage fibraRchush ag forkkamprsS the SarariovlalrithgomnShedel ybamt ched. | n
exenpl ary enbodi nents according.to the present inveption such an optinum
mat chi ng pPERVided Eérﬁ%ﬁh?éﬂ"?aii?mofaﬁ'@”i?ﬁ é?rﬂﬂpiaﬂﬁ' B‘@H’t g?'ﬁ@)ﬁ' MRE® shade
library sugbiresolidf iRk pPn@TBAE tord18calER priFRdoat (driblus Aidbakighttasteplatedr ary
provi ded by Sun Chemi cal Corporation of Parsippany, New gersey, where both

solid i nk PEAwencieen acndtinie of 0d sybskates ase stPi#d-ous fil m weights or plate
frequepgies on a multiple of job substrates are stored. The creation of,

application and comuni cation/transm ssion of col or
The creation of, application and communication/transmission of color

information obtained from, a shade library has been disclosed in earlier
patents under common assignment herewith. For example, U.S. Patent No.
7,034,960 disclosed how to build a library of solid colors, U.S. Patent No.

20 7,202,976 disclosed how to communicate the colors from a shade library
electronically, and U.S. Patent No. 7,268,918 disclosed how to control the
metamerism in creating a unique color in an ink and at least one other
material (plastic, paint, textile, paper) simultaneously using two or more shade
libraries. Similarly, copending U.S. Patent Application No. 11/732,086 (U.S.

25 Patent App. Pub. No. 2007/0263249) discloses the addition of halftone colors
to a shade library. The disclosures of these three U.S. patents and this
copending published patent application are hereby incorporated herein by

reference in their entirety.

30 In exemplary embodiments of the present invention, a computerized shade
library ‘with a multitude of special color formulas can be used to find a formula
which simultaneously matches a product standard for both the solid color and
at one or more tone steps between the full tone (solid) and the unprinted
substrate. This can be accomplished, for example, where such a

-10-



I nformati on obtained from a shade |ibrary has been disclosed in earlier
patents under conmon assignnment herewith. For exanple, U S. Patent No.
7,034, 960woizeoag®ed how to build a library of solid col ®ec3/uskigoosdat ent No.
7,202,976 disclosed how to conmunicate the colors froma shade library

eI ectronically, and U S. Patent No. 7,268,918 %iﬁ] ?sed how to control the
met amer i smcPRPEtasiEed repler shadeulbrasy ¢ sfored in; 02l FrEtUre a84ChHAR Bt her

mat eri al e ] ¢
shade 1o SPPEEEcoff e E bl SR SRt e ey "¢

11/ 732,086tr(&JreSord3mt§\ntda¢@ipﬁse Bt hap] ezcm#%@e@z&g?f ales slsLink” addition
of ‘halfton E%(?Zi)?orabétnag‘%) bcLo%J %rlr;lfhgndj'h§ﬁ+>ﬂ§%rﬁﬁed)fcohtﬂefﬁﬁntahree U.S.

patents an I's” copendr ng atent a | cation are hereby
i ncor pokat edednfm: piimtirtyyproeé e esicg: ai speciieiprodustion supstratn (egdergiatrfiym,

enbodi nents of t sent t wth a
mul ti t ude 8Pa§‘ﬂ>"e@ﬁ%| o i B £ T RAMRAE GhichilaRhaGThe uBERY W (D
si mul t aneousioy at@ichefthesegpainisorill beanoriqde tompbsition ohmatted.i d col or and at

one or nore tone steps between the full tone (solid) and the unprinted
substrate. This can be acconplished, for exanple, where such aconputerized

col or shadg, Luérf@wtalbswtésrcﬁdecdsrd&adadomam rfur:éxmplesmhmamrmumumase by
executing a sinple caonputer search on the | é{%/% he record in

t he datlbasempifation £ wma@aﬁf@c&eswt%? Speerai agq[ AF‘%’J o aE

XYZ) for bghh Ribsfhted c6RF YaluRE! (XtyZaRsY fanE[ABp@f e BéIRMinkdatsr (10098 @
specific printing ‘Process usi n?q)a specific product I on substrate (e.qg.,

clear fil mongpagdelG% Istgpss dwn 108% (Hnppafssh substrate). HASUER AHRIEPARE ch
mat ches the, g@ﬁéé AnChY %:qe@lhetﬁarﬁkhrﬁtg 5195 0ROt 160%),| butdBard Y, G

conposi tion matter. such a database, each record can contain, for
exanpl e, t lexample, begivenaas §-hi¢ integers i@t 885)%f colorants and resin, the
spectr% refl ectance factor of the ink and substrate, color values (XYZ and
Cl ELAB) "of the solid ink color (100%tone) and 10% steps down to 0%

(unpri nt ed PseNisus bR of the peesent mvelatoad ealateti 40 fat shads libaty tateeting ed in

units of %bgg\%sctal% (1;88/50 ’anQUttongagzza?é S8 cL&Bm blended mono-pigmented ink

bases, metamerism control for multiple materials and processes for creating
physical color standards for large brand owners. Given such methods and
20 technologies, it occurred to the present inventors that tone scale
matching/reproduction is also a form of, or subject to, metamerism. That is, it
is possible to develop a series of ink formulas that can be made to match a
target color ink when proofed as a solid, and at a specific film weight, but that
each such formula will show a varying amount of mismatch at different film
25  weights and different halftone steps. Moreover, while adjusting the film weight
or the colorant or base ink mixture is a subtractive color process, changing the
tone step color is an additive color process. Thus, printing such a library
represents a unique set of color values for the solids and tones based on the
unique composition of the SPOT color ink and the additive mixture of the

30 unique color of the substrate and the dots of ink.

In exemplary embodiments of the present invention, an automated search can
be performed for database records with matches at both solid and half tones

of an input color. Additionally, if a precise match cannot be found,

11-



exanple, be given as 8-bit integers (0 to 255). Previous work of the

present inventors related to a shade library that contains both solid

col ors amsotore2swal es of cust om bl ended nono- pi gnent ed PCRRISR@9 084937

met aneri smcontrol for nultiple materials and processes for creating

physi cal col or standards for Iarge br and en, such neth?ds and
I

P ot og! GRSTRIABRCEAT BE RASTIMET AL LB CoP oS (RAPSHE fedtiad i

mat chi ng/ r epAd wed b%eg formlkBioR d9de8cAbed @iors filliyesdllow.o, metanerism  That

is, it is possible to develop a series of ink fornulas that can be nmade to

match a target color ink when proofed as a solid, and at a specific film
wei ght, butg;d hat y&360 ﬁ#%&eﬁﬁﬂéw' Brodbdd RAOYSrasYEH ¥uRtinAte® WtareHingi Smat ch
n

at different™filmwelights a different halftone steps. Moreover, while
adj ust i ig taceofdingmtaveang Bxemplanh endsidiment; ob the) psesanbinygntionr e Figs 4
subtractiv 0 S ' t&erF QbREifite dibradhdti ve
col or prOC§S§§WST%U@M%%§%P?%%§%%WSH {ﬁlﬁ‘abttr:@ﬁg %e%%eseht s”a uni c{ue set of
col or val uestirhatelyt hetrisohg ds &vkd faronudss forapdating thehspesifigdiccatenposiof i on of

the SPOT col or ink and. the addigive_m xt - of _t ' c t he
substrate &aMPife YSFS'IDE ﬁq?' f{)rneéi'gh%l' ;greggl'gg‘n%o |rr§%%(gﬂdgfa tBLe%rk{)a%fésent

i nvention, caredlwreméwdesibiy pbudtafor e spakf foodeteni suchias givdate arexoon ds with
mat ches at both lid and half tones of an d t_co . itionally, if a
pr eci séonat%wscaﬁ—ﬁﬁtéj%égr\‘ H’Hﬂ Y e Eiqf%ri’l'c@ﬁ cﬁiorég&?'g?qrr%& Ot?]) e cl osest
exi sting dahabReE BaEWwadFotsssiinabecamied pudrean tremplaat embpdiaserdedcr i bed
nore fully below. Fig. 4 depicts an exenplary process flow for such

aut omat ed dBRPIaFEALNYRRUIi ng t 0 an exenpl ary enbodi ment of the present

i nvention. Fig. 4 shows a flowhart associated with matching a given
specified color and ultimately retrieving an ink fornula for rin%ing t he
speci fi ed ddlisocan RacUBhYAleUs inplegegiationgayA Q‘?ﬁ'g’l?)(aﬁ?ﬁloébe’d(é{f‘?‘@ﬁ‘ a new box
for a brea t, cer - d}ﬁﬂ\é exi bl f kcdedqtol 4 em such
as pot te;tso ga otronggﬁﬁlﬁsé%llgﬁe eg{)ﬂé)n&\i,\rjﬂlflér %g%/@moehgfeo?raﬁof% SPOT col ors which
need to be databeisedaccsiding 4o paroexemplaay ebagimenteal Hia praserh iNKeBHPM ar y

enmbodi ment oQ/Er a computer network, such as, for example a VPN or the Internet, and can
run searches thereby. Alternatively, a designer (or other relevant party) can

submit specified colors and request that the database be searched, and a

20 customer service agent can, for example, initiate the database search and

communicate the results to the designer or other relevant party.

Thus, with reference to Fig. 4, at 401 a color can, for example, be
electronically specified and measured. At 405 a search can be performed for

25 close color or spectral matches to the solid tone of the specified color. At 410,
for example, a record from the database can be retrieved that is the closest
match to the solid tone of the specified color. Then, at 415, the database can
be searched for records that also match the specified color at various halftone
scales. In general a match can be sought for one or more halftones, and in

30 exemplary embodiments of the present invention this can be between 3-10
halftones. In alternative exemplary embodiments, matching halftones may

be desirable, depending upon the particular design and use of halftones in it.
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the present invention. This can occur in various inplenentations. A

desi gner (or other relevant party to a color choice decision) can, for
exanpl e, Wo2grezmiwd access to a dat abase accordi ng to arCEASa@oOANL37
enbodi mrent of the present invention over a conputer network, such as, for

exanple a VPN or the Interne d can.,r sear che her eb ternatively,
a dgg i gner [ BP "8¢d/s f‘éi’\gvtgﬂ{ h}?g&}eﬁ)tﬁﬁéﬁ%ﬁrﬁcﬁ%@@&hq a%ec\c(f!ﬁdg\‘lf%lggnd e
request thaheh e 48! MBagiesdr® reearts em, bansteporated aisedesteibed telagdat can,

for exanple, initiate the database search and con icate the results to
t he desi gnéabtaip Heneqrrach|igl ey f"§/.42%dfst,heV\PFP‘FF%éP (98}°Lroa’]qe§.s 4, at

401 a col Orr}]a(ﬁ?d?resfé?é BXRHBY SrobssLHGE brQdiensth Y25 pamkfd 8¢ iARdormasur ed. At
405 a search can be perforned for close color or spectral matches to the

sol i d t Gne abtaineeissietrisveredf theteois. nopmateh®f bpl thexspepified sglid el8F 8N4 r om t he
dat abase c i t | S s@l 4&kih one of

t he speci fﬁéﬁ%ﬁ{’@%{ @ﬁgﬁss g@i&@{rﬁ‘?ﬁ%qggt gﬁggé;qﬁg%e%gbig?rp ciﬁ’eéi flor records
that al so rimgah. t hés sptediin ithisl connestiontthatahe sesrohdbop oy ke egpeated @ gener al

tch be. ht f i i .
erbod nent SGe it ipiess Ere MLy 35 B0 Sprdted R0 GBI SRR e es 11
al t er nat i vdoeweadan peasttaidedead showmirchRignd regamirghexmplarybéolétsnd abl e,

dependi ng upgn the particul ar design and use of halftones in it.If no
record 4% f)}éﬂ?l\ﬂ "{lhfeQFmHlték'Brﬁ%s the hal ftone scales for the specified col or,

then at 415 the cl osest records can be interpolated as described belowto

obtain the correct ink fornula. At 420, if. the specified,solid or and
i ts hal ftorféfces suifahie ikdormyla s Elrigyed ats CBE?&?E? oW £oNtifyes o ‘f‘ﬁje i nk

formul a obtigigagfmirfe # e makdds akteptiBledor & fiRgl prass Furnf If lied Matdreissapeci f i ed
solid color and its halftones, process flow returns to re the

. 405, whe
sear ch | oo@®n accegtabie Bedjliv. then spectialidate PR vigwWablg RIREEPRIGAMAASS CBRe search
| oop My bg,d eRealAth& PaHERfe@to PféTB@ssia@al%mm_ faSa bAhte¥cEMRGHerisdd sol i d

color nultiple matching ink fornulas can be obtained, as shown in Fig. 1
regar di ng e¥drfpr @view/ard/et praduchasn. | ow i nk formul ati ons.

If at 430 the match from the electronic color palette is not satisfactory, and
thus not ready for press, then process flow, following the “No” branch at

20 decision 430, continues to 440, where the spectral data for the color, properly
formatted if necessary, can be electronically transmitted to a separator for
filtering and proofing. At 443 the separator can, for example, set filtering and
plate technology to produce a final color. Corrections may be made for
converting processes that may be required, such as, for example, to account

25  for lamination. When the separator achieves a desired match, a digital proof

can be created at 447.

At 449 the digital proof can, for example, be measured and compared to the
original electronic sample received at 401. At decision 450, a determination
30 can be made whether the proof is of an acceptable match. Preferably, the
designer or other interested party, such as personnel at the product
manufacturer, makes this determination. If the proof is not an acceptable
match, at 455 further combinatorial corrections can be made, and process

flow can return to 447 for a repeat of the proofing process.
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Once a suitable ink formula is retrieved at 425, process flow continues to
430, to determne if the match is acceptable for a final press run. If the
mat ch i s wb 2am/|mewept abl e quality, then spectral data amdTaiSesiobs37

el ectronic i nages can be, for exanple, transmtted to pre-press at 460 and
to a printer/converter at 465 for review and/or production. If at 430 the

match fromthe electronic color palette is not satisfactory, and thus not

ready for p(ese, ifthededigiiens ekhmple, bpbinenintgretied paNy, fobeaampleat deci si on
430, continues to 440, where the spectral data for thlﬁ col or B operly
formatted idecidesdratdhe praok submitiaddy the separatss s AseRRIADIEelfep 5t 4 éepar at or

for f11terig caflca BelskRtio phé-phdsh, teIRWRARS I nRINiSSHh td e ghearp! . set

filtering and plate technology to produce a final color. Corrections may be
made fors ccﬂwwmrraj%ﬁo%%%%é?éﬁﬁaﬁboﬁﬁy be required, such as, for exanple,
to account for |am nation. Wen the separator achieves a desired match, a
digital proof can be created at 447. At 449 the digital proof can, for
exanpl e, bdn ezasplaeylesbddicmaniaotihetpreserd imentomahe éravtasoirta®anpl e

received at_ 401.. At Y 5 L. I : et her the
proof is ofSt%\rﬁ%é%éaﬁf(gﬁﬂaa%(’rgﬁ%# @%?@fgﬁgﬁf%aﬁﬁéﬁﬁé@?%'g?n ([)F?ed g?' er

hnt er est ed gdaKsyfor il tdnezsaruichaifiommes atasaribae filpy wdights anerurfigust urer, nakes this
eterm nation. If the_proof is not an acceptabl at 455 further
combi nator iSRMARAtoas of e&eﬂ?db(ge'ﬂ%rlfér,a?eaﬁ’& ar?ﬁ‘g%gosg%&%vvdcan return to 447
for a repeajonfrhunitste MilOEdIbMBriauiac &dth spiecio®rand célbeprdpertigador,a f or exanpl e,
or other interested t hat subm tted by

art for ex e, decid h f
t he separ at®%#Phic oppR 5@‘3@{9@5%‘?&? LE?@G‘ ‘f"}(‘:ﬁ?r g SF Sé’gih aﬁgpré@ﬁthatso
pre-press, foahlRushyd, dsansds, 561 sdaniphe til SupréinsicalcobmartCelouat” 465, as

descri bed above. In exenplary enbodi nents of th&ﬂﬂiresent i ntion, the

fornul as t Halpbar@hageddiany. if can R reproduseddy Furiicating Q\%ﬂ“@% W8nt ai ns
| nf or My ﬁ{hsrﬂg:et%&%tﬂ{n Hmathds. hakingWakhaAfeseA@riialkiih D& aat vari ous

filmweig re unique conbinations of matter, and denonstrate the ability
to sel ect shdde library novel.

Next described is an exemplary interpolation process that occurs at 415 of
Fig. 4, if required. Fig. 5 depicts a spectral reflectance factor curve for an

20 exemplary SPOT violet color, identified as “Ink 60150MB747,” that can be, for
example, specified by a customer, designer or other interested party. The
spectral fingerprints of the inks and halftones allow for the derivation of a new
ink and tone scale intermediate between two known inks in exemplary
embodiments of the present invention. Because an exemplary library

25 according to the present invention contains a large number of inks and their
associated halftones, a search will normally return a color and tone scale that
is desired. However, if the search does not return a suitable tone scale, it
possible to create a “new” ink and tone scale by interpolation between existing
points for records then in the library. Such an interpolation is possible

30 because the differences between the inks on a spectral basis will be smali.
Figs. 6 and 7 depict spectral reflectance factor curves for two exemplary violet
colors which match “Ink 60150MB747" at the 100% tone, but mismatch at
nearly all other tones. The color whose spectral reflectance is depicted in Fig.
6 is identified as 60558MB747 and that whose spectral reflectance depicted in

14-



comuni cate ink color fornulas with specific brand col or properties for a
graphi c or package designer and/or brand owner. Once such a formula has
been est aDi2stvat494das it has, for exanple, in Sun Chem caCTASSa0b4387 our (t
A obal Shade Library, it can only be reproduced by duplicating exactly this

uni que conhi nati Qn of tt ach and eve 4 uch a
shade |i br &% 7n'§\}%?”t'ﬂﬁg%ﬁ 6@3599"@23 g%ﬁ‘%em Iaé'r'9'¥' nt%e?%'l(‘) alf&oa; process
that occur gh@tomi® iRthdparpledtaniily. required. Fig. 5 depicts a spectral

refl ectance factor curve for an exenplary SPOT violet color, identified as

"I nk 60150MB747," that can be, for exanple, specified by a custorrer
desi gner ory |9tn'6ﬁd th# ﬁ%%%@ﬁal%‘fab%s of PRsSEaRY 7adre VeROGHES, FbE titdset he i nks

and hal ft one derivation of a new ink and tone scal e
i nt er nedi atoeldnethEEmopmma&ﬁ@lmS Bhw that theyars) quite diSHAGHRSSRPYNIR t he present

| nventi on. i%‘gﬁ e o Eiblcgt{negi é"s[]t}ﬁe%"?&'ﬁéﬁjd 84d trfan E@pl@fseaﬁ%@ i nvention

contains a | nunber el r assocl at ed ftones, a search
wi | | nor maldogtomedfifiig. & atm showsmat the ettemeaf&ig. 1t Tosrertsiandak Wilbvever , i f

the o3 ¢h 65l Bl Ro B B A TR SELES rdcRaSAIRL e 10 o eate o

"new' ink é"r? y |n erpol a ween exi sting points for
recor ds t hejatabasthend cdmerts.th&data tarabisntbanpe) axt therabiserbapse iciive iecause t he

di fferences bet i nks PO A Spe | .+ Figs. 6 and
7 depi cf sﬁéﬁ?qrﬁenaﬂé‘? p?c‘f ?%QﬁeBBa@ é\égggﬁr VW)M e%?o?é@kl W olet colors
whi ch mat chhe bﬁ&@ﬁﬂ@wzgtheatprbb@t&ﬂﬂ%mter;mlatbdtat eastnrapexhradxpom&arl y all

ot her tones. The col or Wnosesfetra flec ance is depicted %Flg 6 is
i dent i fi ed ASXEDBESNETRY] 'giﬁﬁ‘tstﬁ e\ gygeﬁqrhﬁ NEW3Reo ﬁ?ﬁ{‘ E%i cted

i nFi g. 7 i gahdRnddthingd tas |§5%7@4@|Yéﬁle df|ﬂ1é hil)&ur@tﬂmﬁ)é eolarantsot thal " 6"
denotes that the color is in the purple fam |l I s noted th?’& t he
I

spectral sHi&gpdrK and thegaecopd iHd ‘Ehealpggrgglpggdsqt}ﬁo[b%ncefgfve ¢HEEN DS or s’ col or
coor di nat e cBhQ%ﬁeoSE'M tBh@ﬂeété}%é @E&Sr HHd 18 EBISAEEE codrdisdieyVdam theni 9. 8

(these two violets are plotted as the dianond and trlan Ie | ots at the
bot t om of Fiegrongputed.s bigs BelRRicss jusheudhian exaranlam; QlewsYiolefhalft@ag e an i nk

wth a scale plotted on the gamut chart with the closest two component lnks obtained

from the exemplary database.

20 The New Violet ink halftone series plots intermediate between the two violet
inks located in the database. In exemplary embodiments of the present
invention, the color of the mid-points in a halftone series can be adjusted to
provide exactly the color desired. The solution is completely linear and can
be automated using any number of well known linear optimization or

25  regression algorithms to develop the correct mixture of the first and second
known inks. Because the mixtures are interpolated in absorbance space, the
mixture values can be applied directly to the known composition of matter to
develop the new, unique composition thdt produces the desired halftone scale
of the specified SPOT color.

30
As described above, in exemplary embodiments of the present invention a
shade color database, with multiple records, each containing, inter alia, solid
color and halftone chromaticness information, can be searched. In such a
library, the spectral signatures of the solids and halftones for a variety of

15-



hal ft one val ue i nternmedi ate between these two cl osest natches in the

dat abase, one converts the data to absorbance, as the absorbance curve is
proporti omal2otom2sds@ col orant concentrati on by Beer's | aRCOfUSS@oOI499TCOpY.

| f the absorbance data is then proportionally int erpol ated at each spectral

poi nt, in exenplar odi nents _of the resent ventlon new absor bance
curve can b‘é" Far‘?ﬁ?écfﬂi?mqptv@d J%Fe?&ﬁkf 'tﬁ'gf@t'ﬂ)ﬁe ﬂg’srﬁ) ﬁﬁg%a}ffct he

col orants ofoidrh@ofdinstbs, sieh@rdfdrkaampin TIELAR L* Bhe* values polat ed absor bance
curve can then be converted back to refl ectance f

d
col or i met r i @ntedifos anydntclopmulacas BiNted AP GEEEN W%?rager dé%ln’&qtgéj ust such an
exenpl ary "Jiy W &e%planﬂ%aﬁé%@ |§9§é&|bﬁb%be§ PiteitRog 0B84, 6Bt Wi th the

cl osest two conponent tained fromthe exenplary dat abase. The New
Vi ol et iSnk haoz, ewensérzfiess%ﬂ and copeadingdy- &t Batast APeHCatee Nowo vi ol et i nks

located in \Ef)ﬁgjééé‘ .%?Paté?\t%ﬁ)ﬁnpk@r 0. SIHRIHEBAS), Who%@@s}%fcﬁﬁf&t i nventi on,

the col or poi nt's tone series can be adjusted to prOV|de
exact | y t hehavelbpendesirperdtediheresodyuteferante conpl etely |inear and can be

aut omat ed usi ng any nunber of well known |inear optimzation or regression
al gorithns to develop the correct m xture of the first and second known

i nks. Becaua@xbhmlarymwmnam o‘frtherppeeteau érentiombipdhedihey sthaa®lors he

m xture val yes can be. a irectly to the known c n matter
to devellp Q%H%k%ﬁ%‘taiﬁ‘miﬁg‘ést%@ﬁbg’éxeﬁ ) CQ'HQ"B% SHO¥E LS %el Eﬂels:%’llr)rgd %LH ftone
scale of thg ?rﬁ’fﬁédfdneéi pBR@g aelios usﬁ@ dﬁsmnb&dreﬁmmthddn aeue:apltmr y
enbodi nents of the present | nvention color dat abase mul tiple

h
records, edeh eé@fﬁ?'&r GhAgctarized o, colgr a&&? %’Eﬂ §tePa3 ?IBHé(a ues

chromat i C”E‘s’iéretirlfmoé EBFn'prér Gsbdie. Seaddifigithily | i sutbhar dxiebiptary shiale spectr al
signatures of the solids and halftones for a varletﬁ%ofcol ors can be fully

capt ur ed. Wfdﬁbéﬁﬂlﬂé‘le aplgfialupsecan P atoredPn @t [east BRASYRCELP'GFERREr di nat es,
such asys rﬁﬁ@é §cce§55&eﬁ an e@ctrnic YRtwsiR, inkl0diPg, foP BRENBRE, Babcany i nk
|

f or mul a as p gi ven substrate. As noted, such an exerﬂ)l ary
dat abase |§rde$1@twcu&dLAN) @ widerareametwers, (WADR LT Sipinternet.  In suc

exemplary shade color library, the ink formulas can also be stored on at least
one system processor and accessed via an electronic network, including a
local area network (LAN), a wide area network, (WAN) or the internet, indexed

20 by the color values.

In exemplary embodiments of the present invention, in the library, the inks can
be printed, for example, using a printing system conforming to the rules of
flexography, including the use of a patterned anilox roller containing the
25 screen pattern and a flexible plate containing the halftone patterns.
Additionally, for example, the inks can be printed using a printing system
conforming to the rules of offset lithography, including the use of a patterned,
planographic plate containing both the screen pattern and the halftone
patterns. Such a screen pattern can, for example, be a conventional pattern in
30  which the size of the ink areas increase in area until there is complete overlap
from one image area to another (analog screening) or, for example, the
screen pattern can be a modern, digital pattern of very small dots, whose
frequency of location increases until there is complete overlap from one image

area to another (stochastic screening).

-16-



7,202,976 and 7,268,918, and copending U. S. Patent Application No.
11/732,086 (U.S. Patent App. Pub. No. 2007/0263249), whose di scl osures have
been i ncovpanmtmedosher ei n by reference. I n exenpl ary enbedirrsais/oefI3t he
present invention, in the library, the colors of inks containing custoner

m xes of colorants, known as SPOT colors, can be printed on a printing

devi ce using a halftone screen nethod, and can be, for exanple,

char act eri 2 ERMpIdQ bRIboBImERS bf HHeNSresémin@Mtoh A the lisrary aheimksghared in a
conput er database. Additionally, in such an exenplary shade color library,

a
the col or elsube peiateddorsexanerieousing a RAYINIsyatesy sPRfRIpingcledis UISRd can be
accessed vi : 1 in di, &9, off gr e.etéhddP@l area
net wor k (LAﬁ) ?%ﬁtﬁegéfagp% aﬁﬁi'm{‘fd"?%h? l(;‘gr\é]tok{egl ﬁt‘.gfe&r?rrﬂ%%j eIn such an
exenpl aryy sénmiavecoloylinder beantgininthdothmitheopergasPattainapsd the HekEBE on at
| east one Zalg%im processor and accessed via an el ectronic network,

i ncl udi ng 968 area network (LAN), a wde area network, (WAN) or the
internet, indexed by the color values. In exenplary enbodi nents of the

present invention, in the.library, t ' Il o f anpl e,
using a pr i'Ht‘?"t‘?ﬂ‘%%teé?ﬁ%dérﬁfmsn?fntaetpgg?éhnglﬁ'r?vt?l%ggn (‘i)\fe B f’{é‘%eg’?'é"ﬁr@{mﬁﬂﬁm udi ng
]E|he 'UEF oflfarrﬁgatat ﬁ@mda_r@n'uhiﬁue Emlkr;m‘mat'rmmfaém&magts iecrgsd'.rateihl\/\mahb?ba and aI
exi bl e pl ate_containing the tone patterns, itiona exanpl e,
the i nk¥ ca‘?PsB@fequ ACEVE de§MBPPRYS H%?%@Eq E?r‘hc%ﬂﬂo?qlr‘?rn@nq ﬁ'akﬂﬁgér ul es of
of f set |it horaBhthe ighehUslibigate@siHg ehe tesignatet exrinting npdtaodgraiiing pl at e
containing both the screen pattern and the hal ftone patterns. Such a screen

pattern carBnyfherssompinationsef colrgRient i onal pattern in which the size of
the ink areas increase in area until there is conplete overlap from one
i mage area to another (analog screening) or, for exanple, the screen
pattern carfige %l hﬂ@@lﬁh\{aftﬁugiatsaﬁdﬁz&f?@%3W|%?93W'Pr H¥RY  whose
frequengy O{ccbﬂffrgc_i h)oé’ke' 5@%%&:%%45 S BresEnCiAVENRING FGY.8T Héichs’ Om one
i mge area to an er tochastic screening).ln exenpl ary enbodi ments of
t he presentari exesmlagyrshade libtasy rédsrdstiucturee FihR§ depirts an exemplary

shade library search screen, and Fig. 11 depicts an exemplary composition of

matter record: Fig. 12 depicts an exemplary screen depicting a solid color

and various halftones according to an exemplary embodiment of the present

20 invention.

Finally, an exemplary specification for such a color shade library is provided in

Appendix A hereto.

25  Although 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 skilled in the art. It is preferred, therefore, that
the present invention be limited not by the specific disclosure herein, but only
by the appended claims.

30
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al so be printed, for exanple, using a printing systemconformng to the

rul es of gravure intagliography, including the use of a patterned, etched
or engrawe0 20wlazeder contai ning both the screen patt er npamaseéve/obeBf t one
patterns. In exenplary enbodi nents of the present invention the obtained
ink formula forns a novel and uni que conbi nati on of col orants such that it
w Il not be possible to achieve the simnmultaneous match to both solid col or
and hal ftone color, on the given substrate using the designated printing
met hods, utilizing any other conbination of colorants. Figs. 9-1 1 depict
vari ous aspects of an exenpl arﬁpgﬁa@éx dlor library according to exenplary
enbodi nents of the present invention. Fig. 9 depicts an exenplary shade
library record stru&xemplany Gl@hﬂbﬁdl%dﬁrl-@@iﬂ ary shade library search
screen, and Fig. 11 depicts an exenplary conposition of nmatter record. Fig.
12 dépicts an exenplary screen depicting a solid color and various

hal f t ones acqfyifi00FiR FRcGHtRmb, Nining ChadiniBRtandRAdiRnfIRSENt i nventi on.
Finally, an exenplary specification for such a color shade library is

provi deitdidr FAREeNamd hereto. Al t hough the present invention has been
descri béd T nThefiradchaictérGs paigit thatidattifiesine i@ nliesshaded Mtk — 1ndeliovot her

vari ati ons and, OraskeH 3 REd OnsBland 5atunge — 6.5@senwt 7,IBrbecofeBlagkpmrdent to t hose
ski llged i n tGeyarb). The nea Spig arerasdquehdear sdrial mymieh Jhert the 39r esent i nventi on
be Iimted nefardoyr ink eysepeiderdtifier, tesSed daucer hubsteitaiderttufier, el y by t he appended
cl ai ms. APPENRIg¥viNg spocifiepticarand Ghalyahe shisioke tdok beaker waluba Badreesshddeel d

Descri pti onsprobladrofigt &othy ARCOJIE caaell faptrasingad Bl e sOskmandBetdfini cal Nanme The
first characti®rmigst leokdikgi 70IOMSOFFARCDI3B148s t he hue of the shade (Wite - 1,
Yellow - 2, Oange - 3, Red 4, Blue - 5, Purple - 6, Geen - 7, Brown - 8,
Bl ack arsabstrate

Type Detail Weight Color | Surface | Resulting Description

Board CUK' .018 in/ 450um | white top Board CUK 18 Pt White Top Surface
Board CCNB" .018 in/ 450pum | white | top Board CCNB 18 Pt White Top Surface
Board sBS" .018 in/ 450um | white | top Board SBS 18 Pt White Top Surface
Paper Gloss" 80#/120g/m° | white | top Paper Gloss 80# White Top Surface
Paper Matte” 80#/120g/m* white top Paper Matte 80# White Top Surface
Paper Opagque” | 80#/120g/m” white top Paper Opaque 80# White Top Surface
Film ps™ 7 mil clear reverse | Film PS 7 Mil Clear Reverse Surface
Film PS 7 mil clear reverse | Film PS 7 Mil Clear Reverse Surface
Film PS 7 mil white reverse | Film PS 7 Mil White Reverse Surface
Film PS 7 mil white reverse | Film PS 7 Mil White Reverse Surface
Film PET™ 7 mil white | top Fitm PET 7 Mil White Top Surface

Fitm PET 7 mil white top Film PET 7 Mil White Top Surface

Film PET 7 mil white top Film PET 7 Mil White Top Surface

Film OPP* 7 mil clear reverse | Film OPP 7 Mil Clear Reverse Surface
Film oPP 7 mil clear reverse | Film OPP 7 Mil Clear Reverse Surface
Film OoPP 7 mil white reverse | Film OPP 7 Mil White Reverse Surface
Film OPP 7 mil white reverse | Film OPP 7 Mil White Reverse Surface
Film SHD 7mil pearl top Film pearlised SHD Top Surface

Film WPP 7mil white top Film White Pigmented Poly Top Surface
Film CLR 7mil clear top Film Clear Poly

Film MPP 7mil metal top Film Metalised Primed Poly

Paper Coated 41#/60g/m* white top Paper Coated 41# White Top Surface
Paper Kraft 63# natural | top Paper Kraft 63# Natural Top Surface
Paper Kraft 63# natural | top Paper Kraft 63# Natural Top Surface
Paper Kraft bag | 63# white top Paper Kraft Bag 63# White Top Surface

18-



Gays - 9). The next 5 digits are a sequence or serial nunber, Then the 3-5
character ink systemidentifier, the 3-5 character substrate identifier,

t he engr avongiopewsifi cation and finally the nom nal tonecTasb@owedsse A
green shade proofed offset on the APCO I1/11 coated paper using a 133 |line
screen and a 40% dot, m ght |ook like: 7010150FFAPCOL33-40 Substr at
eCoating Overprint coating for protection or slip properties Agueous
Varnish UV Lam nate Typically applies to filmsubstrate types only, but

can al'so be appl i ad gyer e boar § si.0ck,Backecl Dy ik 8/ Rl rGFsfed | |1

Fi I m Wi gh Pael y o ﬁ et | 684 wtted [ top ™ © _['RapEr Krakt Liner™ F63'# fied TOp SpHace g -
for US and| PR f gra) rpgr,r,§31t e H\P'm@“ tg‘ln o II;-‘a=p=r Krr'qu‘l’_)r? @\# Mg‘fﬂ ﬁjc-r@é\ﬁfq(;? e
for Eur ope]lP#PeAni | Sunthgtit | r@é (hen | myhitey P Ut e

Engr avi ng/ EPERST Wi §AO289 3 een Ruj i H’H’te(l
Screen AnglBarei n_d&grtees)| 189%50am's | AR e '
Wi ght 1 - |P&en/ n} Costeed [t70 verify |WAtes) | PP t oY otsA PFPe(n‘fcpf)

o

Paper Coated ? white | top "ALGRO Coated Paper
Paper Coated ? white top HC20 Coated Paper
Coating
Overprint coating for protection or slip properties
e Aqueous
5 e Varnish
o UV
Laminate
Typically applies to film substrate types only, but can also be applied over some
board stock

10  Backed by White
Applies to film substrates only with clear color

Relationship of print method - engraving - Film Weight
Flexographic
15 e Line Screen/Volume
o Plate Screen Ruling (L/in for US and L/cm for Europe )
o Anilox Screen Ruling (L/in for US and L/cm for Europe)
o Anilox Volume (bcny/in2 for US and cm3/m2 for Europe )

Gravure
20 » Engraving/Film Weight
o Screen Ruling (L/in for US and L/cm for Europe )
o Screen Angle (in degrees)
o Stylus Angle (also in degrees)
o Ink Film Weight 1 — 16 g/m2 (need to verify this)
25 Lithographic (Offset)
e Line Screen
o L/in for US and L/cm for Europe
Other (Lab proofing methods, etc.)
e Free text?
30
Film Weight
No relationships
Numeric field from 1 - 15
Designates which band of the proof — 2 bands in gravure (1-2), 3 bands in flexo
35 (3,6,10)



Line Screen o L/in for US and L/cm for Europe O her (Lab proofing nethods,
etc.) Free text? FilmWight No relationships Nuneric field from1- 15
Desi gnat esowhioaiz4daand of the proof- 2 bands in gravure @CTa)S2008/0b8BTS in
flexo (3,6,10)I nk System Linked to fitness for use paraneters
(l'ightfastness, chem cal resist) Not normally sel ectable by the user
Certain inkiSystemi K f or specific print processes and for specific substrates
Suggest ed naniinked @ditaedsdbi mepaFinaies gliflofasuwes, chetkisdl resishnk syst em

pi gment at i on Néd kB kéle@sble bNdieiisee speci fication in hours Fadoneter
4,8, 24,48, 108:2@Rink9Work kst spSeIfit bprint prdcsesldifd for kifid substritesionet er

resulsts o Nu ugllggsté%ﬁgrrﬁnﬁ%g{)gi g nonths  Shelf lTife of 0.15 - 0.20 times

Fadoneter res e resistance o Alkali yes or no o Al cohol yes or

o e e MR B Rk g BT oo Oont i o7 ade or
Solvent 1165 Polyarhide | Solvent 1165 Polyamide =
Solvent 1190 Polyamide Solvent 1190 Polyamide
Solvent 0310 Nitrocellulose | Solvent 0310 Nitrocellulose
Solvent 7110 Urethane Solvent 7110 Urethane
Solvent Jupiter Nitrocellulose | Solvent JUP Nitrocellulose
Paste Offset Sheetfed Offset
Water PMA1 Acrylic Water PMA1 Acrylic
Water PMA2 Acrylic wiclay | Water PMA2 Extender

Fitness for use
Linked to Ink system pigmentation
10 o Lightfastness
o Numeric specification in hours
» Fadometer 4,8,24,48,100,200,300+ hrs
s Shelf life of 115 — 145 times Fadometer results
o Numeric representation in months
15 = Shelflife of 0.15 — 0.20 times Fadometer results
e Chemical resistance
o Alkali yes or no
o Alcohol yes or no
e Heat resistance
20 o Numeric specification in degrees (Centigrade or Fahrenheit)
Linked to Ink system formulation
e Rub resistance
o Numeric Sutherland rub-test specification (cycles with weight)
¢ Slipperiness
25 o Numeric static coefficient of friction (SCOF)
o Numeric kinetic coefficient of friction (KCOF)
e Chemical resistance
o Grease/oil yes or no
e Moisture resistance
30 o Moisture y€s Or no

Opacity Index
No relationships
Numeric value from 0.0 to 1.0
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0 Nuneric Sutherland rub-test specification (cycles with weight)
Slipperiness o Nuneric static coefficient of friction (SCOF) o Nuneric

ki netic cwefzbiomizeqss of friction (KCOF) Chem cal resistaicaseoc@oeass/ oil
yes or no Misture resistance o Misture yes or no Qpacity Index No

rel ati onships Nuneric value fromO0.0 to 1. OMeasurenent Device No

rel ati onshi ps Text field Suggested nam ng | ogic foll ows Measurenent Data

Li nked to Measurenment System and Tone Scal e Data Spectral reflectance data
0 Nunber of data points 40, 36, 3 1 o Starting wavel ength 360nm 380nm
400nm o En u : “h 700nm 730nm 750nm o Array of data val ues
Tristinulus val NeT2HOASHPSCI E XYZ tristinulus values for D50/1 93 1 Cbserver
o CIE L*a*b* codfHifi4t es for D?(g 193 1 Cbserver o CIE L*a*b* coordi nates
Ijor D50/ 1964 ChSugssdrd mstiee 8@ 4°B5t a Linked to Print Method Tone scal e
ata

Geometry | Manufacturer | Model Aperture | Filter Resulting Description

0:45 X-Rite 939 4mm No filter 0:45 X-Rite 939 4mm No filter

45:0 GretagMacbeth | SpectroEye | 4mm Polarization | 45:0 GM SpectroEye 4mm w/Pol

45:0 GretagMacbeth | SpectroEye | 4mm None 45:0 GM SpectroEye 4mm
wo/Pol

SCI Datacolor SF600 6.6mm UV cutoff Sphere Included Datacolor
SF600 6.6mm wo/UV

SCE Datacolor SF600 6.6mm UV cutoff Sphere Excluded Datacolor
SF600 6.6mm wo/UV

SCl Datacolor Mercury 4mm UV cutoff Sphere Included Datacolor
Mercury 4mm wo/UV

SCE Datacolor Mercury 4mm UV cutoff Sphere Excluded Datacolor
Mercury 4mm wo/UV

Measurement Data
Linked to Measurement System and Tone Scale Data
e Spectral reflectance data
10 o Number of data points 40, 36, 31
o Starting wavelength 360nm, 380nm, 400nm
o Ending wavelength 700nm, 730nm, 750nm
o Array of data values
e Tristimulus value data
15 o CIE XYZ tristimulus values for D50/1931 Observer
o CIE L*a*b* coordinates for D50/1931 Observer
o CIE L*a*b* coordinates for D50/1964 Observer

Tone Scale Data
20 Linked to Print Method
e Tone scale data
o Number of tone values (11 .. 4) {0% tone — unprinted substrate}
o Tone Value Increase at 50% - nominally 0% or the print method

default
25
Composition Data
Linked to Ink System and to Color Technical Name
¢ Listing of material components and relative amounts
o Base Color 1
30 Base Color 2

Base Color 3
Clear Technical Varnish or Extender
Solvent (if required)

0 00O
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o Nunber of tone values ( 11 .. 4) {0%tone - inprinted substrate} o Tone
Val ue Increase at 50% - nomnally 0% or the print nethod default

Conposi t iwo 2Dave4ddenked to I nk System and to Col or TechrcralS2iame93ti sting
of material conponents and relative amounts o Base Color 1 o Base Color 2 o
Base Color 3 o Clear Technical Varnish or Extender o Solvent (if

requi r ed) SCOATED UNBLEACHED KRAFT (CUK) O her nanes: Solid Unbl eached

Sul fate(tnm) (SUS(tn)) under R verwood International's trademark, or Coated
Natural Kraft(tm (CNK(tm)) under Mead' s trademark. Uses: Most popul ar

mat er i al i doArED ENSLEAGRED KRAFE(CUK) i . €., SiX-packs of beer, soda or water, as
wel | as | argeoth@bampacks)Uunbl@kigdSulfset (SUR™) uﬂeg&IWHSQOietﬁmﬁla@Iéagl ng (detergents
and ot her nontaflyed. qrFemwawr%ﬁ%f'K%‘é“‘)ugdéfd“%%"a%e i" per displays and as outer

ply for smal | UoMpiratepuehorarag: SmesAd i i,f f ness, tear
resi st ance an?fs?so rﬁég%@ q @soglll)seci n arger S.IZC péfl?&ﬁy fOQSQ] e‘nts E%ﬁ)i‘lgcgﬁ?gfod. Bett er
printing and &Jvﬁnﬁi‘gg;t ﬁbnalstadnési leﬂsesuttmemn 6Bt nrfoatire &umze; domigaed foor SBS or CCNB

in thinner casaspeis prinfiduisirngh aabignban OCND Golcagitngforfilf er(CYB igoi ng i nto waste
stream Pr op‘éln'tene'smrS@d & gyt elcpackpging @ates feh epipg i W%the%f&e with naturally
brown backsi dfroper S'I"%‘é?&‘ %WS‘P"“& e 1‘“(‘)\3&%‘{% 'ﬁﬁ‘%ﬂ‘l’lb'w'ﬁg ers range from

1014 to . 030. o SEY AR ’No VoAbl thek md.t.v@ssor as foil and film
| ami nat i ng. hbmln@%y&a&m e e o] e ngs may be added
for additional noisture resistance. ii CLAY COATED NEWSBACK (CCN) O her

nanes Cob$led GRATEDINEWSBACK (LCNPRR) - Uncoat ed Recycl ed Board (URB) al so

avai | abl e €CNoteenehmtdRBad R@yclatitied (OB). OychaehittericdBepediiRfto avalrvld CENer ef ore can be
referred to gen@Bin€addd oy cyarer @yhincdEhBOA L be refelds @Fen@urtit ;omindateddagi ng for retail
products includi dﬂg)mfpgﬂgngm QEIWHELSS incBR fiobd pREhctd QEHIS goods, By SautordttMe ONDL | Ve

accessories, RALANRLEPALS 2R ALHRE SO hearmbRBIRIL C 1 tems and
pharmaceutical, ite

antagcsnﬁade from 100% recovered paper, from paper mills, board converters and post-consumer
sources.
Properties: Double-coated to provide smooth white surface for packaging graphics. Opaque, viscous
coating levels out surface, top coating provides brightness, gloss and ink receptivity. Sheets range from

80-83 brightness and 2.4-3.5 Parker Print smoothness

% SOLID BLEACHED SULFATE (SBS)

e Other names: Coated Bleached Kraft

e  Uses: Confectioneries, bakery products, butter, frozen foods, dry foods, pet foods, tobacco,
gift boxes, entertainment, software, retail boxes. Long-fiber softwood pulp can also be used
for some liquid packaging.

e  Advantages: All-virgin content yields uniform cleanliness and purity, highest brightness and
whiteness, better printing surface and coating surface, and a higher stiffness ratio for better
dimensional stability.

e  Properties: Bleached white with coated pigment applied inline during papermaking.
Calipers range from .012 to .024. Virgin pulp comes from softwoods and hardwoods.
Absolutely no rainforest woods used.

" StoraEnso Centura Gloss Text: 96 brightness, 80 gloss, 96 opacity

¥ Unisource Starbrite Opaque Text: 90 brightness, 21 gloss, 95 opacity

"' Corniche Matte Text:

" Polystyrene

" Polyethylene terephthalate - chemical name for biaxially oriented polyester
* Oriented (or biaxially-oriented) polypropylene
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Advant ages. Made from 100% recovered paper, from paper mlls, board
converters and post-consuner sources Properties Doubl e-coated to provide
snoot h whwoeosurfiwase for packagi ng graphi cs Opaque, Vi secmaiSe@an4yg’ | evel s
out surface, top coating provides brightness, gloss and ink receptivity
Sheets range_from 80-83 brightness and 2 4-3 5 Parker Print snoothness '
SOLI D BLI!W%HH)'S%LPF'N@:( SBS) O her nanes: Coated Bl eached Kraft Uses:
Conf ectioneries, bakery products, butter, frozen foods, dry foods, pet

foods, tobacco, gift boxes, entertainnent, software, retail boxes.
Long-fi bdr softraethad frnpatching speciied ot §BPPUSRE | qui d packagi ng.

Advant ages: sa6sing! L68 of Kbk dhatidd, fedich ot tRanbédas sn aaid dutabdse,
hi ghest bri gﬁ%ér:lcee\ségfngnﬂdaﬁ&teness, bet?er ‘printing surface and coating

sur f ace, havidgaatiegistrsolidi ¢dlore o-ardinptest dralfinser 6p-FIRRISSI MRRING tR{BFTSSt y.
Properti esg; o ' ANy >0at ed pigment applied inline during
papermk?rﬁ%t”%ﬁi%ggssu\ggg%%é E@%ﬁé}glz to .024. Virgin pulp cones from

sof t woods andsémrching dos datdbase te ebtaime reedrdfiorthe librany databasel matehing @ aEnso

Centura d oss Text-- 96 briah Lo j v, Uni SOuF
Starbri tép%§%§%e&P9IOg€t %P?ﬂ%?‘f\degg‘? Og’elgrawggeg,h gg@ﬁgébg%ri g |Ve?1 %@rﬁﬁ}gc he
Matt e Texytocews aRalsusstyatene V1" Pol yet hyl ene terephthal ate - chem cal name
for biaxially oriented polyester, 1 Ojented r. biaxi - Of |
pol ypr opyl eneWJRﬁ*ﬁ'PS%Eﬂ_r&lsﬁ/édecir.d %\uf?ﬁuﬁoct?'?%és' W&%ﬁﬁ%@ééagg@e&coﬁﬁogsﬁ}ogol or,
conpri si B males 86y pRyntErit akireike (Hat catisfessdesited cokmaoonfinatbe foremaih @s i n
sai d dat abase havi n(% at |least solid %gl or c.o-orfdi nat esr,. hal ft one n
co- or di n&Pds Cori RNt rANhCHE QS MAHE PaIRPRSD IR 'YL BRI, RIS, PRCERS | Y.
sear chi ngypdipytdat abase to obtain a record in the library database matching
a specified SPOT color at both solid and one or nore halftones for a given
printing

2. The method of claim 1, wherein in the database specified colors of inks

containing customer mixes of colorants have been printed on a printing device using
a halftone screen method, and have been characterized for color at each tone step.

3. The method of claim 1, wherein said one or more halftone prints comprise at

least 3 halftone prints.

4. The method of claim 1, wherein said one or more halftone prints comprise at

least 10 halftone prints.

5. The method of claim 1, wherein in the database the colors of inks containing
customer mixes of colorants, known as SPOT colors, have been printed on a printing
device using a halftone screen method such as a stochastic or digital screen, and

have been characterized for color at each tone step.

6. The method of claim 1, wherein the color values have been stored in the
database on at least one system processor and can be accessed by users via an
electronic network, including a local area network (LAN), a wide area network,
(WAN) or the internet.
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process and substrate; outputting fromsaid record a unique conposition of
matter, said conposition of matter being a pignment m xture that satisfies

desi red cwbanioonewdi nates for both a solid color print a00/US2@900493Dr €

hal ftone prints for said printing process and substrate. 2 . The method of
claim1l, wherein in the datahase specified colors of inks coptainjn

cust onmer i xed h8MethPd oh AiAEN %a\w efﬁg’éﬁ‘ep'f‘kg?r%“%ﬁ%vepp??ﬂ Fﬁ?@ecgavfﬁglfag%i ng a
hal ft one Her&ermpidtedsorddil by acdRssd Ghadmeleelrbme hetwsrkcpkridingta eah tone
step. 3. The'nethod of claim1l, wherein said one or nore halftongmg{e;nts

conpri se aiga Ingtark ILAN) ; 8 oMide preatnetwark, (MAN)nert thedingimet. dngaxed in
sai d one ngorqg(ugshalftone prints conprise at |least 10 halftone prints. 5.
The nmet hod of claim1, wherein in the database the col ors of inks

contai ning custonmer m xes of colorants, known as SPOT col ors, have been

rinted a LNt ] e ' a t
Bt ochast & or THeghefiBodtian 2ufieR HAhe BRACRE RETNRE hAR b8ER Brtted oo
t one st equsing.a plirtingesyisten cbnformaing td the wiles of fiexogeaphyl mcludingithe us@vef Been

by user s et aggap e b finbe Rrdh T BrCE IR BRI AR A >

W de ar eahéRaMOn&K paftdbAb) or the internet.7. The method of claim®6, wherein
the ink forrmul as have been stored on at | east one system processor and can
accessed via an electronic network, including a |local area network (LAN), a

wi de areq net wRE kneth¥ANF dMimt Davhigréiarinahe datstsechbyinksibavelbeen yintets. 8.
The nmethod of claim 2 wherein in the dat abas#ééfpe II%S h ve.b?edn Sgri nt ed
using a PEINGt? MYNEYS SEHPELAPIPITIAG tPoth?HE'e_?LF_? sgt li QﬁPSWa iding, 18, di ng
the use QfseafRAphféned, a@hbgespml plate 66MARINY Pahtthe stps&tpafidht sidtrand a
flexible plate containing the halftone patterns. 9. The nmethod of claim?2

wher ei n ihalftone palieEsase t he i nks have been printed

10. The method of claim 9, wherein the screen pattern is one of (i) a conventional
pattern in which the size of the ink areas increase in area until there is complete
overlap from one image area to another (analog screening) or (ii) a modern, digital
pattern of very small dots, whose frequency of location increases until there is

complete overlap from one image area to another.

11.  The method of claim 2, wherein in the database the inks have been printed
using a printing system conforming to the rules of gravure intagliography, including
the use of a patterned, etched or engraved cylinder containing both the screen

pattern and the halftone patterns.

12. The method of claim 1, wherein the outputted composition of matter is a
unique combination of colorants such that it is not be possible to achieve the
simultaneous match to both solid color and halftone colors on the given substrate

using the designated printing methods, utilizing any other combination of colorants.

13. A computerized method for producing a color match to a proof, comprising:
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using a printing systemconformng to the rules of offset |ithography,

i ncluding the use of a patterned, planographic plate containing both the
screen pawvoeorw/@amd4st he hal ftone patterns. 10. The net hosCwofusedoionasd7
wherein the screen pattern is one of (i) a conventional pattern in which
the size of the ink areas increase in area until there is conplete overlap

from one i mageceassingt a databere of CalesIshgdes reashi 3idhe gecqras jn aidodpbasE; gi t al
pattern qf, yar s gt SGdinafAUaHiorRf cbQf@hbRR, ipiRKiRgSEBcesy i |

t here is%(%'r\égl é& ié%keﬁqqué?l?wgﬁe ni mage aroea tCo anot her .mlll.gT*ﬁg met hod of
cl ai m 2, infhenatiom and substrdtetinfeameatiome i nks have been printed using a
printing system conf ' S : i drp 1298 ARBNi

i ncl udi ng thes%%rgﬁ'gpqggngggibteargﬁtetg,%bie#é%erge{))rrdg@ﬁg?g\slgéy tggﬁﬂr?ggr cqnltn giani ng
bot h t he degiret 8pguafiddesROTNEbldra bodh Solkichpriptatandrane. orimoreThalftore RAetsder cl ai m
1, wherein, the outputted con%) sigipg of matter is a unique conbination of
col or ant @ 9G%RIPARING Procesy3Pd BUOHER i e to achi eve the simul taneous match
to both sol i dog@ugingafémhedid treced caluiqueocompesitiiny ef neattes tto st esersisaig t he

designated printing nmethods, utilizing any other conpination of .c ants.
13. A coﬁﬁmpéﬁ'it'%oogfnﬁlaﬁﬁﬂ Be9 7 QRS gméfX‘ér(?I B]at n%fﬁ'c? ©% g},% %ersgrSf’ , 8t
CONpri si RGLRHFASS fSIbsthdedidbasie diorcplir arhadidsoneatmeore hilttoneqointsd i n
sai d database having at |east solid color co-ordinates, halftone

co- or di n&PkEs fo5 SIS RTIYNG PHRESS aNAIYPR%E®on and substrate information;
searching the database to obtain a record in the library database matching

a desired specified SPOT color at both solid prints and one or nor

hal f t one 1gr i nTbe feamputerizsidr Bethad ©f iGRiMp 3cwhsreimdn e datakase 6%%&% ng
from sai %o[??§8fiﬂk?cb’r%ﬂiﬂfg aidioiiet H)%@ dicolBRartS hal® pBeh pRAtedSH & pARFRPST L1 ON
of matter being a prgnment mxture that satisfies the desired color

coor di natdesicéarsingpahaitione soleed relhod, pnd havarkeesachpraglierized feyr eoleapt t one
printed caol @rts fsﬁ% said printing process and substrate. 14. The

conmput er €260 MY of claim 13, wherein in the database specified colors
of 1 nks containing custonmer m xes of colorants have been printed on a

printing 15.  The computerized method of claim 13, wherein said one or more halftone

prints comprise at least 3 halftone prints.

16. The computerized method of claim 13, wherein said one or more halftone

prints comprise at least 10 halftone prints.

17.  The computerized method of claim 13, wherein in the database the colors of
inks containing customer mixes of colorants, known as SPOT colors, have been
printed on a printing device using a halftone screen method such as a stochastic or

digital screen, and have been characterized for color at each tone step.

18. The computerized method of claim 14 in which the color values have been
stored in the database on at least one system processor and can be accessed by
users via an electronic network, including a local area network (LAN), a wide area
network, (WAN) or the internet.

19.  The computerized method of claim 14, wherein the ink formulas have been

stored on at least one system processor and can accessed via an electronic
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device using a hal ftone screen nmethod, and have been characterized for
color at each tone step. 15. The conputerized nmethod of claim 13, wherein
sai d one WO 20mwe4d3al ft one prints conprise at | east 3 halrCrarseoon4yss. 16.
The conputerized nethod of claim 13, wherein said one or nore hal ftone
prints conprise at |east 10 halftone prints. 17. The conputerjzed method of
cl ai m 13 nefwrkeingluding adogah@sem setwatk (EQNHr& wide ?Fﬂ?s”%%’g? i%’é\é) elstoner

m xes of iﬁtg}r%q'qﬁ%%fepo MO Bfr VEGEscol ors, have been printed on a printing

device using a e screen nethod such as a stochastic or digital
screen, and have been characterized for color at each tone step. 18. The

conput er iged qﬁé%%ﬂwg@ﬁefr&leﬁirﬂét%dio? cY{i‘rinmq& @vh@re‘ﬁ’?lnolg\relv i eNA¥EnikeRAVeSt Or ed

in the database on east one sys rocessor can be accessed by
users Vi dean pehtedtusing a pristingsysternonfatming te the cdes af fexogeapkys iocludmg) , a

w de areag network, (WAN), or. the intern u ' : of
claim 14?}‘%@? Bf f Haﬁg”]@ﬁ@'}”&‘ @,eés%oﬁ;a?}rﬁk%é%egscgggﬁggﬁgﬁ\ %’fé {az]ggltbigegélg%sjyst em

pr ocessorcoptahitqthedtfterreshtidras.an el ectroni cnetwork, including a |ocal area
network (LAN), a wide area network, (WAN) or the internet, indexed by the
col or values. 20. The conputerized nethod of claim 14 wherein in the

dat abase gyhe iTRK ToRputerReamahbalor didirdi Owherir it ihegiatatsdsenthe dnsohaneng t o
the rul es of flexography, .including the use (%f a pa]tterneﬁd ﬁ il ox roller
cont ai ni MgepH¥inied BEAI FhPIIRYNY ﬁYﬁie'%' ‘F‘?’g‘kri"BT‘% pItag Lulgd of Afse Bthf’ﬂ'@pﬁé{i ftone
pat t er ns.jzdildind iRe QREPHE 8T baRINEE PRACGIaphicapRtel 2orbaiied both thé&sciedrabase

the i nks have been printed using a printing systemconformng to the rules
of of f setpatterhangt taphpalftanediatierisy t he use of a patterned, planographic plate
containing both the screen pattern and the hal ftone patterns. 22. The
conputerized nethod of claim2 1, wherein the screen pattern_is one of (i)
a conventZRonallhesbmputerizad wietbed ohelain 28, whereifetherieregrerattarnds eag ef {h ar ea

until t h%;c?onivgnﬁ;oqgg? ggﬁgrnqx%ﬁiéptﬁer 998 P fhd MRUreAL FRRrddeaRUrES UnfitRaleg
g) or (i1

screenin (
is complete overlap from one image area to another (analog screening) or (ii) a

modern, digital pattern of very small dots, whose frequency of location increases

until there is complete overlap from one image area to another.

23. The computerized method of claim 14, wherein in the database the inks have
been printed using a printing system conforming to the rules of gravure
intagliography, including the use of a patterned, etched or engraved cylinder

containing both the screen pattern and the halftone patterns.

24. A method for matching a specified color, comprising:

providing a database of color shades, each of the records in said database
having at least solid color co-ordinates, halftone co-ordinates, printing process
information and substrate information;

searching the database to obtain a record in the library database matching a
specified SPOT color at both solid and one or more halftones for a given printing
process and substrate;

outputting from said record a unique composition of matter, said composition
of matter being a pigment mixture that satisfies desired color coordinates for both a
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nodern, digital pattern of very small dots, whose frequency of |ocation
increases until there is conplete overlap fromone i nage area to another.
23. The cwopotosriged met hod of claim 14, wherein in theprdattasb@aoootBe i nks
have been printed using a printi ng system conformng to the rul es of
gravure intagliography,  includin e .use of atterne et ched or

engr aved Se{¢ |QQHQ§rPW§n?'&q ANSgOb &9 et H@'ﬂ%‘? %W%é&t é?ﬁ ngtin[ghgr%gﬁt%}ge
patterns.g,Bératd Method for matching a specified color, conprising:

provi di ng a dat abase of col or shades, each of the records in said database
havi ng at | east solid color co-ordinates, halftone co-ordinates, printing

process iyaf orpat n tsat héféfrﬁ)rrﬁr&ﬁé%t t5eR@r §pedified B@Ioffsﬂ'foﬁbﬂ@ to
obtain azgecgﬂ% {n%ﬂ)[oﬁjeg ® %@dgt abélseI mat ¢ |ir;\%ea sﬂ%em fied SPOT col or at

both sol |cdnmrrdngmestomem>eesr1@ﬂ qolaats aye beedi ekehen ﬁtnrmgnardsa@@éismd _
substrat g rha?#gcgr% n%({r{e emﬂ? SA4 alEbaLA cﬁaﬂé'&ie%'i@ SRRk 'feQE‘h Rne@éper, said

corrp05|t|o el ng a pirgment mxture at satisfies desired col or
coordi nates for both asolid color print and one or nore halftone prints for

said print nggﬁégﬁq ﬁ‘i‘aaﬁg 2 ﬁ%r%f( 34 oFQ%rﬁ%rQ%%wfbf ”;Armt%grﬁprl%’@gf einin

t he dat alfase cont ai ni ng cus

col or ant sedsagehalfome mintsit ed on a printing device using a hal ftone screen
nmet hod, and have been characterized for color at each tone step. 26. The
met hod of claim 24, wherein said one or nore halftone prints conprise at

| east 3 hal ft gAE nikthed of clgifa 2Zhehamirhedld ehe dr mdre Mlftonleqsritits) cormpdseat or
nor e halftone prints conprise at |east 10 halftone prints. 28. The nethod

of cl ai meast 138 ONR ARt he dat abase the colors of inks containing customer
m xes of col orants, known as SPOT col ors, have been printed on a pr| nt| ng

device using a hal f t one screen method such as a stochastic or dlg
screen, &8d habe mrteed ehelpine 24, Wheigin rthe satabase the eplofpfdnks @‘Eﬁt 'ﬁ‘g‘g The

met hod of,,clofeMnfided OF dbrahtst RSowPLe'SPET 8I8rs)AYGe BEER pAkRESSH 4 PridtiiRy
device using a halftone screen method such as a stochastic or digital screen, and

have been characterized for color at each tone step.

29. The method of claim 24 in which the color values have been stored in the
database on at least one system processor and can be accessed by users via an
electronic network, including a local area network (LAN), a wide area network,

(WAN) or the internet.

30. The method of claim 29, wherein the ink formulas have been stored on at
least one system processor and can accessed via an electronic network, including a
local area network (LAN), a wide area network, (WAN) or the internet, indexed by the

color values.

31. The method of any of claims 1, 13 and 24, wherein said searching the
database to obtain a record in the library database matching a specified SPOT color
is effected by inputting to the database chromaticness information for said SPOT
color at both said solid and said one or more halftones for said printing process and

substrate.
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dat abase on at | east one system processor and can be accessed by users via
an electronic network, including a | ocal area network (LAN), a wi de area

net wor k, Wwoano/@usthe i nternet. 30. The net hod of cl ai mP2¥uSasveeion’ t he i nk
formul as have been stored on at |east one system processor and can accessed

via an el ectronic ne l.udi a ar ea . W de

ar ea netv@grk ? h%‘X\D{"H@ ‘?fpf'ﬁ fgl?’arﬂiicei‘gdv e'PH %?éc’?:ét W’tc 1. The
met hod 0fsaféﬂ§be‘éfﬁe§|SPGT$ célor ib&uft%ta?ﬂed \dbﬁ”mhg twaiod neeacsesignaicbeslat abase
to obtain a record in the library ? base mp 'g]ggﬁ speci fied SPOT col or
is eff ectaé‘é "Bi?fﬂ%lﬁ‘gttpr‘?ﬁtat'@atf%rémdé ép%ﬂ CIr¥Y-i nf ormati on for said
SPOT col or at both said solid and sai d one or nore halftones for said

printing jar oCefg n‘?éiﬁloéUpa%Fﬁﬁ? -wiRereilGaidRidlpeIatbn M¥Yudels: claims 1, 13 and

24, wherein |$ﬁan accept a mat ch to said specified SPOT color is not

obt ai ned, obtaining two or nore closest matches and interpolating to obtain
a formul a for comertmethefrefertgr@Tdateifiiom s3dg twrlslosast Matehes teplSaFPAICe wher ei n
said interpolation includes: converting the reflectance data fromsaid two
cl osest %hes to absorbance data; proportionally interpolating at each
spectral point to obtain a new absorbance curve that is representative of
the m xture oprdpaetighallp merbslatihg aheachimseatral pdiet tovebtaihesmaty abserohees

and. conpaNEghRLE "eRPT RS SanBaurMal e comtari o e Pl BB YR, o ag.

wher ei n &fjsdsi AbRHES! ation process is automated using linear optim zation
or regression al gorlthms to devel op the correct mxture of the inks of the

two cl osest matches; 35. A system for matchi ng)@ s&) f tﬂ o or . g
conpri si ng: acwfiﬂ the 'Kmmﬂlﬁtﬁg abpeibance CyNE DK &° MHfleclAnge %‘H%I@Q each of
the records in said database having at |east solid color co-ordinates,

hal ftone co- opgdi\BafifSits BEIbMMERR coordinates.

34. The method of claim 33, wherein said interpolation process is automated
using linear optimization or regression algorithms to develop the correct mixture of

the inks of the two closest matches;

35. A system for matching a specified color, comprising:

a memory in which is stored a database of color shades, each of the records in said
database having at least solid color co-ordinates, halftone co-ordinates, printing

process information and substrate information;

a search interface arranged to receive a specified SPOT color and

chromaticness data at both solid and one or more halftones for said SPOT color,
a data processor arranged to:

search the database and obtain a record in the database that matches said

chromaticness data given said printing process and substrate information; and
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process information and substrate information; a search interface arranged
to receive a specified SPOT color and chromaticness data at both solid and
one or nowe 2oaliwnes for said SPOT col or; a data proce®sorsasmoamnyst t o:
search the database and obtain a record in the database that matches said
chromati cness data given said printin rocess and substrate inft rmation;
andout pueutpytdran said re@@é@@ﬂ%?%@O%@?fEB@W?ﬁ%’n Sgi GeRROSION O MEtE S mosi ti on
of Mt { aeif30 it AeriARRAL 1B $tiRes!dealred Bblop toiness oeDotal saiidamturdi nat es
for both a Sol'id color print and one or npre hal ftone nts for said

! rom pr |
print i ngornt and onean dnasa hetfioaeeringsior $aid RIPENG RIGFesE A r?m“[?)%t,ratﬁhere sai d data

processor is further arranged to interpol ate between two cl osest matching

records 40 ¢ e dab IR Pabty 38! HhSRaRld bed PRRLsePIInAg ARieR 18 formul a

for the system of claim 36, wherein said
i nt er pol intdrpslaiertstwders tvemoosestimajching reedrie it thaslatahasa to saith speciiedwo

| t h t X } i nt | ati t h
Cpect 1 ol SBOT A 45 8BRH A KA kit PRERE SEPTECIE. " &' Popr esont ati ve of

the m xture of the colorants of the inks of the two cl osest matches;
convertigg t hehd dystinp ot bl 3epanseansad intenpelatiac indudesefoneettiagdee f act or ;

and conputing its colorinetric coordi pates.
rrpreﬂectg\nce data from said two closest mapc%es?o absorbance data;

proportionally interpolating at each spectral point to obtain a new absorbance

curve that is representative of the mixture of the colorants of the inks of the two

closest matches;

converting the interpolated absorbance curve back to reflectance factor; and

computing its colorimetric coordinates.
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