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20  countries on three different continents, the time and resources spent on color manage-

ment becomes significant.

Continuing with our example the textile industry, when purchasing textile products for
resale, a provider of textile products, such as a retailer, designer, manufacturer, or

25  distributor (hereinafter simply retailer), creates a specification that may, for example,
include: a pattern; a fabric; and a color. The specification is submitted to a textile
vendor, such as a cut and sew shop; a fabric mill; a dye house; or some combination
thereof. A fundamental step in setting up a manufacturing process for the goods
described by the specification is to determine a recipe that will produce the desired

30 color. Typically, a dye house is responsible for matching the color of the fabric re-
quested by the retailer and dyeing the fabric for subsequent assembly of the textile
product. To do this, the dye house may use internal resources or consult external re-
sources, such as a colorant manufacturer. Often, the match is not perfect, but instead
is an approximation with colorants available to the professional performing the match.

35 A sample produced using the color match is typically passed back to the retailer for
approval of the color match.
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FIG. 1 is a flowchart of a known method for automatically generating a list of possible

20  color matches. The method starts in step 100. In step 102, reflectance data of a
desired color is obtained, typically using a spectrophotometer. Next in step 104 an
operator selects a set of colorants suitable for the material being dyed. The operator
can limit the number of colorants, based on his or her experience, to those most likely
to produce a good match. In step 106, the operator identifies certain conditions, to be

25 used in sorting the output. Typically, the operator will identify a light source, a type of
material and a dyeing process.

In step 108, the system automatically calculates and matches recipes. Typically, such
calculation is performed by generating a list of all possible colorant combinations and

30 iteratively modeling the reflectance characteristics of a color produced by the colorants
at various concentrations. Modeling reflectance characteristics is well known. For

example one method of performing such modeling is described in Colour Physics for

Industry, 1987 Society of Dyers and Colourists, Edited by Roderick McDonald. One
example of a product capable of performing such modeling is the MATCHWIZARD
35  software available from CLARIANT Corporation.
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amount of effort on the parts of designers and color/dyeing professionals.
20
Yet another example is the athletic shoe industry. The current style in sneakers in-
cludes a mix of a variety of different materials, each of which must be dyed so as to
match the other materials. It is possible that any given sneaker will contain several, if
not all, of the following materials: cotton, polyester, nylon, leather, rubber, metal and
25  plastic. Further, it is not uncommon for other types of products, such as clothing, bags
and watches, to be promotionally tied with a sneaker line, presenting additional
materials which require dyeing to a predetermined color.

Co-pending United States Patent Application Number xx/xxx,xxx, entitled A PROCESS
30 FOR COLOR MANAGEMENT, incorporated herein by reference, describes the use of
an engineered color standard (ECS) by a retailer for controlling a color quality across
multiple suppliers. The ECS is created by an ECS provider, such as a dye manufac-
turer, using color matching software and a profile that identifies “acceptable tradeoffs,”
e.g., cost versus fastness, color versus light source. Currently, the ECS is created by
35  an experienced dyeing professional selecting the appropriate colorant specification as

described above.
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FIG. 2 is a block diagram of a system incorporating an apparatus in

accordance with the preferred embodiments of the present

15 invention.

FIG. 3 is a flow chart of a method in accordance with a preferred
embodiment of the present invention.

FIG. 4 is a flow chart of a method in accordance with a preferred
embodiment of the present invention.

20 FIG. 5 is an example of a page of a recipe book produced in
accordance with a preferred embodiment of the present
invention.

FIGs. 6Aand 6B are examples of a swatch produced in accordance with a
preferred embodiment of the present invention.

25

DETAILED DESCRIPTION

Reference will now be made in detail to the present invention, examples of which are

illustrated in the accompanying drawings, wherein like reference numerals refer to like

30 elements throughout.

The detailed description which follows presents methods that may be embodied by

routines and symbolic representations of operations of data bits within a computer

readable medium, associated processors, networks, and network devices. A routine is
35 here, and generally, conceived to be a sequence of steps or actions leading to a de-

nu

sired result, and as such, encompasses such terms of art as “program,” “objects,"
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Some of t happlgdde thase a@ntifiesrth in the present application may be
specifically con- 15 structed for the required purpose, i.e. color
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sensi ng equi prent . oi nt, the net S presented herein
may operate on a general purpose computer or other network device selectively acti-

vated or reconfigured by a routine stored in the computer and interface with the
necessary color sensing equipment. More to the point, the methods presented herein
are not inherently related to any particular computer system. In particular, various

20  machines may be used with routines in accordance with the teachings herein. On the
other hand, it may prove more convenient to construct more specialized apparatus to
perform the required method steps. In certain circumstances, when it is desirable that a
piece of hardware possess certain characteristics, these characteristics are described
more fully in the following text. Machines which may perform the functions of the

25  present invention include those manufactured by such companies as HEWLETT
PACKARD, DELL and DATACOLOR as well as other manufacturers of computer and

color analysis equipment.

With respect to the software described herein, those of ordinary skill in the art will

30 recognize that there exists a variety of platforms and languages for creating software
for performing the procedures outlined herein. The preferred embodiment of the pre-
sent invention can be implemented using MICROSOFT VISUAL BASIC, however,
those of ordinary skill in the art also recognize that the choice of the exact platform and
language is often dictated by the specifics of the actual system constructed, such that

35  what may work for one type of system may not be efficient on another system.
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20 MACBETH COLOREYE, connected to the computing device 202 and analyzes the
color of a sample 208 and outputs reflectance values. Any device or combination
capable of providing standard reflectance data may be used instead of the spectro-
photometer 202. A printer 212, preferably a color printer such as marketed by
HEWLETT-PACKARD and XEROX, provides output indicating a recipe recommenda-

25  tion.

To prepare the color matching system 200 for use, a calibration table is prepared that
contains reflectance data for each colorant that the user of the system wishes to use in
the color matching process. As is understood by those of ordinary skili in the art, there

30 are basically four identifiers that characterize colorants: color, class, material type, and
process type. Color is self-explanatory. The colorant class refers to chemical nature of
the colorant and, for fabric colorants, may include: vat, sulfur, disperse, reactive, direct,
pigment and acid. Material type describes the type of material the colorant works best
on and, for fabric colorants, may include: cotton, nylon, polyester, etc. The process

35 type describes how the colorant is applied and, for fabric colorants, may include: con-

tinuous, printing pad batch, and batch. To prepare a calibration table, for each possible
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and procelgééﬁe{'/%@ Q@?I%‘?apggé%ﬁ* xﬁ%ﬂ‘ﬁ?@?c e_R{:sc')ﬁ %bg‘%ﬁ y@@ggégf efers to
cheni cal natdioeussfs. Repeatingltivs gnacedurg, orf differeatonaterialsl suchrassvariows mietald ude:
vat, sulfu ' : ' ' ' id. ' type
descr bes [YS REUBReCe 3 tifne urBfibe tnelloliR: 200 TRkt OEILEn 2P
col orah@s, andforinatofifbedatabase?l0 willldepengon jhegdasired mplemehiatipn ottbs$oBE type
descri bes %Wa@é}ﬁeﬁ‘t%g&%ﬁw”éod, Bu?iBWit‘gﬁ%é‘Qﬁﬂityfd?gn%%%ﬂdﬁaa?rféﬂﬁ Ahe art't8Y

i nclude: con- Tinuous, printing pad batch, "and batch. To prepare a

cal i br at i ogonsiiticicbased ondiae Hesariptions eontamesheygin735 PCT/ | BO3/ 01119 7

conbi nati on of class, fabric type and process type a plurality of sanples
208 with differ- ent anmounts of single colorants at different |evels of
concent r at iroperhags the epeiersed embodimeat ifhecplibiation database eoppdsasiaiable fo06.

Ref| ectancg iRkt |{0pBid Baci BFENLEE CbRGIA SYRlalitySorst OF ed
in a da?abagg?%% 'oér}m?ﬁ)gle{:a%?fpg‘tser rgftgggﬁeaﬁegil%um 204, B t¥i S Ieyﬁlc\)/i si oned
that a col 6venstonnghaceletant eamera egneentalivn loxsl pad plaagandseliesiancg data at base

usi ng sanp r W e or oduces
and/ or usegﬁ%é@édt?icgnéérﬁgg% IV FROnBbENT HALANARLS dvbis LRI dor

? t hi rocedure on different materials, such as
vari ous negaghscolorantis limited only by the time and material available for testing. However,

those of ordinary skill in the art will recognize that there are certain standard concentra-
20 tions levels that encompass the usable color variations for each colorant. It is further
preferable to store a cost index for each colorant so as to permit an estimation of the

relative cost of any given recipe.

From the calibration database, groups of colorants are defined. In perhaps the pre-

25  ferred embodiment, the groups are created based on a depth of shades that can be
defined with the colorants in the group. More specifically, an experienced colorist could
select all the colorants that can be used for a specified application and material type.
Then the colorist would divide the colorants into colorant groups that are suitable for
pale, medium or dark colors. The colorist selects the colorants to be used for a certain

30 depth of shade based on a multiplicity of factors. For example, pale shades for apparel
fabric can be selected to achieve a high light fastness and good dye migration proper-
ties resulting, hopefully, in a uniform dyeing. Colorant cost and high wash fastness may
not be an important consideration in this case. On the other hand, for dark, high wash
fastness and economy may of paramount importance. Special requirements such as

35  stability to temperature and pH may also guide the colorant selection depending on the

application and material to be colored.



| eat hers, and plastics, may further enhance the database 210. The exact

construction 10 and format of the database 210 will depend on the desired
i npl enentwDI0d/0837B5 t he col or nmanagenent system 200, but i PCEIBOE/O111%he
ability of one of ordinary skill in the art to construct based on the

descriptions contained herein. In perham the preferred enbodi nent, the
cal i bration dat abase conprises a table for 15 each conbi nation of cl ass,
type and process. Each table would contain a plurality of rows storing a
col orant name, a concentration |evel and standard refl ectance data at the

parti cul ar |€acseidEncawitda prefeeled ehitdmisri @f thefpresemt eventidn, ae doforahts measur ed
for each colorant i

s |imted . only by the tinme an terial. avail able for
esti ng. | HORPBATe cqiRctes b Serey ik parey. TvReafte e T CRioRr Y SRrAOL ", hat
there are gejdpatilcempiisiod tHcamngie sbmainabion (yehsewtred-eblse thlatangnbatipamst t he
usabl e color variations.f ach colorant. Jt | urt her referab to
atore. ad costitadscoBpmisabfor BT BraRuSE A5 of $pdsB, hitcediive ofuREHIERE: ' Fhe
rel ati ve cosire ablocanys tgiexpand thel qoior gamutrandperbaps progidieanord alptitrassfer regr oups of
col orants reedefitned. I ner haps %@e pLe: tzg f%rredl .e@odi nﬁm ’Ctlhe groups
are creat e§UBRS TEARCIS MY QNI VIR ARARE SOPHEAICR NI MURE RN ARS) 1Y ¢e
col orant s iantstthat age aotprefded, fopexarfiple aluk Y9 reasoms@fgrooe dgaing bethamiarsr lawoul d
sel ect all fthe col . rants"tgat cant.b u gtd flo a speci fhit %t é)l ' qg\titon and
mterial t{puesS il geiEy BF presett fiu S et YrRE St e st dehBi or ant
gr oups 10 hatareansedSon matchimgfomly if pladatytelypecessayr THauke obprinritizediéoraot or i st
selects the colorants to used for i dept h of de bhased on a
ol ¢ ot i oi Spup PIoReS A Ssepf mEianisfito it B RngiE o f ap BBSRRR o
be sel ect edolbostatie product seleglion logit, whites basesioremultigledactdisecan og sepresn pr oper -
128 s Sy S Lo e WY B S e BGRB8 or BRI, o
hand, for applicatidnsgiongmeith tHeatioresatchingl metrmdawiined\belfw. par anount
|rrportgg1ce. Speci al requirenments such as 35 stability to tenperature and pH

0

may al gui de the col orant sel ection depending on the application and

mat eri al t Golmwinpiscancekample 6B4ro83nG for RAIDANBO G tbe atid clas|for mbarousiegitbe with a
preferred i r . i r are

col | ected ?g?%glsg"ral@ée%soggﬁ%g%rr?'o&ﬁ clgzt'ghg@%% gg?ﬁ"@'g?‘{ %e?lll ?‘itﬁg rtb“&' |r %#P@ri"géed

col orant  ¢radthe falldwing tahies are bat one extampie of z datdistratiuonthayedn capturedhel ue

col orant) rgl:b‘?ht;:»ir{g%f ZBRtants in accordance with the preferred embodiment of the present in-

20  vention.

TABLE 1: GROUPS

Group Name

Pale Shades Ternary

Pale Shade Metamerism

Pale Shades Brilliance

Medium Shades Ternary

Medium Shades Metamerism

Medium Shades Economy

Medium Shades Brilliance 1

Medium Shades Brilliance 2

Wl O N O | Kl W N =

Dark Shades Ternary

—_
o

Dark Shades Metamerism 1




5 suited and econom cal for that particular depth of shade. Successive
groups will add nore colorants to expand the col or ganut and perhaps
provi de nwoa3egiBdHNs for re- ducing netaneri sm (achi evi ngpraThBoy/@niscol or
mat ch under nultiple lumnants). Color- ants that are not preferred, for
exanpl e due to reasons of poor dyeing behavior or low fastness, wll
generally be present in the |ast colorant group such that these colorants
10 are use —chi-ag—enty—F abso' gtety—necessary—Hhg use of
prioritizef 11:0I orergarkg%ﬁ?)%mﬁﬁag'\ﬂ"a@s a useful nechani sm{o incorporate the
know how of 1an exp@aremedes Bmhamdesrt The product selection logic, while
based on np-t-pte sent-ed—+nA—a—conpact yet flexible
manner usi pg° pri orli ﬁf§§aa€%ﬁ %r[rlgaﬂce& oups for different applications along
wi th the cpher nmat|churg@isezBhght Gteén ned bel ow. 15 FolTow ng is an exanple
of groupi ng—+foer—celorants—oftheactdelass—+ornylon-using the exhaust
process for apparel applications. Those of ordinary skill in the art wll
recogni ze that the foll ovvi ng tabl es are but one exanple of a data
structure n { of colorants in accordance with
the pref erh@i’é&o&%ﬁ(&{ a?%éh% SB9n. 20 vention TABLE 1. GROUPS
G oup Nane 1 Pal e Shades Ternary 2 PaI e Shade Met amerism 3 Pal e Shades
Bril | i ance—-4Medi-um-Shades—Ternary5-Medi-um-Shades—Metameri sm 6 Medi um
Shades Ecg Hony 7 NEFOYEEMER®R Brilliance 1 8 Medium Shades Brilliance 2
9 Dark Shages Ternaxdid RedMaxk Shades Metanerism 1 WO 037083735

PCT/1B03/ 04119 9 1 11 Dark Shades Mt aberism2
3 Acid Blue 324

5

TABLE 3: GROUP 2 - Pale Shade Metamerism

Acid Yellow 256
Acid Red Mix
Acid Violet 126
Acid Blue 324
Acid Blue 40

N bl W N~

10
TABLE 4: GROUP 3 - Pale Shades Brilliance

Acid Yellow 49
Acid Yellow 256
Acid Yellow 199
Acid Red Mix
Acid Violet 126
Acid Blue 278
Acid Blue 324
Acid Blue 40

| N O O B W N -




12 Dark Shades Brilliance 1 13 Dark Shades Brilliance 2 14
Turquoise/Brilliant G een TABLE 2. GROUP 1 - Pal e Shades Ternary 1 Acid
Yel | ow 25@0 03/0858%81 Red M x 3 Acid Blue 324 5 TABLE 3: GR®IR/IRI3/Rale Shade
Metanerism 1 Acid Yellow 256 2 Acid Red Mx 3 Acid Violet 126 4 Acid
Blue 324 5 Acid Blue 40 10 TABLE 4: GRDUP 3 - Pale Shades Brilliance 1
Acid Yellow 49 2 Acid Yellow 256 3 Acid Yellow 199 4 Acid Red Mx 5 Acid
Violet 126 1 d 7 7 Aci,d Blue 324 8 Acid Blue 40 WD 03/083735
PCT/ | BOB/O@&O%E%%S%%S%@S K)E’(H‘F[}’m Shades Ternary 1 Acid Orange
67 2 Acid Red 336 3 Acid Blue 350 5 TABLE 6: GROUP 5 - Medi um Shades

Met amreri s

1 Acid Orange 67
2 Acid Red 336
3 Acid Blue 350

5 TABLE 6: GROUP 5 - Medium Shades Metamerism

Acid Yellow 218
Acid Orange 67
Acid Red 336
Acid Blue 278
Acid Blue 350
Acid Blue 280
Acid Green 25

N O O A W N -

TABLE 7: GROUP 6 - Medium Shades Economy
10

Acid Yellow 218
Acid Orange 67
Acid Orange 127
Acid Red 336
Acid Red 119
Acid Red 299
Acid Blue 113
Acid Blue 350
Acid Blue 280
Acid Green 25

OW| O N O O & W N} =
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1 Acid Yellow 218 2 Acid Orange 67 3 Acid Red 336 4 Acid Blue 278 5 Acid
Blue 350 6 Acid Blue 280 7 Acid Green 25 TABLE 7: GROUP 6 - Medi um Shades
Econony WO odogesdl Yel l ow 218 2 Acid Orange 67 3 Acid OremgBo3l@719 4 Acid
Red 336 5 Acid Red 119 6 Acid Red 299 7 Acid Blue 113 8 Acid Blue 350 9
Acid Blue 280 10 Acid Green 25 WD 03/083735 PCT/1B03/01119 11 TABLE 8:

GROUP 7 - Medium Shades Brilliance 1 1 Acid Yellow 218 2 Acid Orange 67 3

e ALY S e £ 0 Voo T

Acid Yellow 218
Acid Orange 67
Acid Red 111
Acid Red 336
Acid Red 119
Acid Violet 54
Acid Violet 48
Acid Blue 278
Acid Blue 113
Acid Blue 350
Acid Blue 280
Acid Green 25
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5 TABLE 9: GROUP 8 - Medium Shades Brilliance 2

Acid Yellow 218
Acid Yellow 236
Acid Red 111
Acid Red Mix
Acid Violet 54
Acid Violet 48
Acid Blue 225
Acid Blue 350
Acid Blue 280
Acid Green 40
Acid Green 81
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10 Acid Blue 350 11 Acid Blue 280 12 Acid Geen 25 5 TABLE 9: GROUP 8 -
Medi um Shades Brilliance 2 1 Acid Yellow 218 2 Acid Yellow 236 3 Acid Red
111 4 AciwoRewsdBBx 5 Acid Violet 54 6 Acid Violet 48 7prAciidoBiu® 225 8
Acid Blue 350 9 Acid Blue 280 10 Acid Geen 40 11 Acid G een 81 WO
03/083735 PCT/1B03/01119 12 TABLE 10: ®GROUP 9 - Dark Shades Ternary 1
Acid Yellow Mx 2 Acid Red 315 3 Acid Black Mx 5 TABLE 11: GROUP 10 -

Dark Shades. .Metaneri i | 235 2 Acid Yellow Mx 3 Acid Red
315 4 Aci dﬁﬁ&d@@%@igdl%eﬁgﬁg‘%@wﬁ 3 Brown Mx 7 Acid Black Mx

TABLE 12: CGROUP 11 - Dark Shades Metanerism?2 10

1 Acid Yellow Mix
2 Acid Red 315
3 Acid Black Mix

5 TABLE 11: GROUP 10 - Dark Shades Metamerism 1

Acid Yellow 235
Acid Yellow Mix
Acid Red 315
Acid Red Mix
Acid Blue Mix
Acid Brown Mix

Acid Black Mix

N O | B W N =

TABLE 12: GROUP 11 - Dark Shades Metamerism 2
10

Acid Yellow 235
Acid Yellow Mix
Acid Red 315
Acid Red Mix
Acid Blue Mix
Acid Blue Mix
Acid Brown Mix
Acid Black Mix

O N ]| ] KA W N =




1 Acid Yellow 235 2 Acid YellowMx 3 Acid Red 315 4 Acid Red Mx 5 Acid
Blue Mx 6 Acid Blue Mx 7 Acid Brown Mx 8 Acid Black Mx WD 03/083735
PCT/ | BO3/W0D103083738 TABLE 13: GROUP 12 - Dark Shades Bril | ipamaBo3lo11® Aci d
Yellow Mx 2 Acid Red 315 3 Acid Red Mx 4 Acid Blue Mx 5 Acid Yell ow
Mx 6 Acid Red Mx 17 Acid Blue Mx 513ABLE 14: GROUP 13 - Dark Shades
Brilliance 2 1 Acid Red 111 2 Acid Red - 3 Acid Red 128 4 Acid Violet 48

5 Acid Blu ) ' u . 7 ' lue 280 8 Acid Geen 40 9
Aci d Green%ﬁwaﬁkl'?ﬁj’%&d?fa@%nge ed 315 12 Acid Red M x

Acid Yellow Mix
Acid Red 315
Acid Red Mix
Acid Blue Mix
Acid Yellow Mix
Acid Red Mix
Acid Blue Mix

N Of O B W N -

5  TABLE 14: GROUP 13 - Dark Shades Brilliance 2

1 Acid Red 111

2 Acid Red --

3 Acid Red 128

4 Acid Violet 48

5 Acid Blue 225
6 Acid Blue 127:1
7 Acid Blue 280
8 Acid Green 40
9 Acid Green 81
10 Acid Yellow Mix
11 Acid Red 315
12 Acid Red Mix
13 Acid Blue Mix
14 Acid Yellow Mix
15 Acid Red Mix
16 Acid Blue Mix
17 Acid Orange 168




13 Acid Blue Mx 14 Acid Yellow Mx 15 Acid Red Mx 16 Acid Blue Mx 17
Acid Orange 168 WO 03/083735 PCT/1B03/01119 14 TABLE 15: GROUP 14 -

Tur quoi sewBrosloB37ant Green 1 Acid Yellow 218 2 Acid Bl ue 2¢8/1B&/01AD d Bl ue
350 4 Acid Blue 280 5 Acid Geen 25 6 Acid Geen 81 7 Direct Blue 86
Some colorants are such that two of thertcannot be present in a col orant
recipe at the 5 sane tine. This nay be due to chem cal inconpatibilities
or difficul [ I tion. Even with the use of
prioriti ze&l—col'r-éo]-?'-ag’{ﬁ(gvbag %ur&msge% a&?\%%% possi ble to form groups that
avoi d such conbi nati ons. Accord| ngly, it is preferably to create a list of
| nconpat i bt-e—cotof f st—cafm—be—created—as—atabte and stored
with, or as part OOAC@NS" ?};\%ase 110. TABLE 16 is an exanple of a portion
of such a|210 tabljeacid\Blue 2/8: | NCOVPATABLE DYES ( PORTI ON) |Acid Violet 48

Aci d Gancg—l—Z—?—A?—W—Ae&—d—Bl—ue—Z&G—Aekd—\ﬁ—el—e{ 48 Acid G een 25
Aci d Viol et 48 Aci cEﬂ’ €1 Acid Violet 48 Acid Yellow 236 Acid Violet

48 Acid Red 111 AcAdd Bluee2gd25 Acid Yellow 49 Acid Blue 225 Acid Yel |l ow

256 5 Acid Green 25
6 Acid Green 81
7 Direct Blue 86

Some colorants are such that two of them cannot be present in a colorant recipe at the
5 same time. This may be due to chemical incompatibilities or difficulty in achieving a
uniform coloration. Even with the use of prioritized colorant groups it is not always
possible to form groups that avoid such combinations. Accordingly, it is preferably to
create a list of incompatible colorants. This list can be created as a table and stored
with, or as part of, the database 110. TABLE 16 is an example of a portion of such a
10 table

TABLE 16:INCOMPATABLE DYES (PORTION)

Acid Violet 48 Acid Orange 127
Acid Violet 48 Acid Blue 280
Acid Violet 48 Acid Green 25
Acid Violet 48 Acid Blue 113
Acid Violet 48 Acid Yellow 236
Acid Violet 48 Acid Red 111
Acid Blue 225 Acid Yellow 49
Acid Blue 225 Acid Yellow 256
Acid Blue 225 Acid Yellow 199
Acid Blue 225 Acid Violet 126
Acid Blue 225 Acid Blue 324
Acid Blue 127:1 Acid Blue 324
Acid Biue 127:1 Acid Blue 40
Acid Blue 127:1 Acid Red 111




Acid Blue 225 Acid Yellow 199 Acid Blue 225 Acid Violet 126 Acid Blue 225
Acid Blue 324 Acid Blue 127:1 Acid Blue 324 Acid Blue 127:1 Acid Bl ue 40
Aci d Bl uewd23/083788i d Red 111 WO 03/ 083735 PCT/1B03/ 01119 pt/1Bei/d1Bl ue

127:1 Acid Red 143 Acid Geen 40 Acid Yellow 49 Acid Geen 40 Acid Yell ow
256 Acid Geen 40 Acid Yellow 199 Acids5Geen 40 Acid Violet 126 Acid
Green 40 Acid Blue 324 Acid Blue Mx Acid Orange 168 Acid Red Mx Acid

Orange 168-—Aetd—-Brown Mx—Aci-d-Orange—168—ActdBl-ue—M-x—~Aetd—Or ange 168
Aci d Bl ack|AAISBIEE 147" d)range 168 Aci d |YEFRSS 5% Acid Red Mx Acid Yel | ow
M x Aci d BiaewGhex 40ACI d YelTow M x Aacid YBliswe4M x Acid Yellow M x Acid
Bl ack M x —AGI—%—Red M-x—Aci-d-Brown—-Mix\hen—a_colorant—gredp—cont ai ns nore
than t hr ee|ACK Greeni40 | s possi bl e "t hat/AHBYERW 2R one col orant reci pe from
t hat group/amd Gre@Rigoh a tar get col or .|adibsepsw3eat 1 nventors ave
determ nedi-that selecting a recipe by recipe cost ornetanerism al one does
not 5 proviA§E @e§848 representation ¢fCHNP®E2Ppe sel ection techni que of a
col orant efRRfGreech@g accordance w t h|Ahg giiee3 Ry red enbodi ment of the
present i nkenti nn cost and neta- nmegismare conhined into a sihgle netric:
an "adj ust PgidRee Mix one exanpl e of hoffif ©raraf 148 ate an adj ust fost is
provi ded bR IRIM X TESPECT 10 FIG 4aciHONENGT 16g NOSE Of
Acid Brown Mix Acid Orange 168
Acid Blue Mix Acid Orange 168
Acid Black Mix Acid Orange 168
Acid Yellow Mix Acid Red Mix
Acid Yellow Mix Acid Brown Mix
Acid Yellow Mix Acid Blue Mix
Acid Yellow Mix Acid Black Mix
Acid Red Mix Acid Brown Mix
When a colorant group contains more than three colors it is possible that more than
one colorant recipe from that group will match a target color. The present inventors
have determined that selecting a recipe by recipe cost or metamerism alone does not
S  provide a good representation of the recipe selection technique of a colorant expert. In
accordance with the preferred embodiment of the present invention, cost and meta-
merism are combined into a single metric: an "adjusted cost". One example of how to
calculate an adjust cost is provided below with respect to FIG. 4, however, those of
ordinary skill in the art will recognize that the exact form of the adjusted cost objective
10  function is preferably pre-defined by interactive trial and error with a real life colorant
expert.
FIG. 3 is a flow chart of a method in accordance with a preferred embodiment of the
present invention. As noted above, the methods taught herein may be embodied in
15  routines executed by the computing device 202 (see FIG. 1). The method is started in

step 300. In step 302, user input is obtained. This will typically comprise: reflectance
data for the color to be matched; the colorant class; the fabric; the dyeing process and
maximum metamerism values (typically referred to as DE). The color to be matched

may be measured on the spectrophotomer 206 (see FIG. 1) or provided as a file by a



ordinary skill in the art wll recognize that the exact formof the

adj usted cost objective 10 function is preferably pre-defined by

i nteractiweonszBs and error with a real life colorant expertBoFI@EY 3 is a
flow chart of a method in accordance with a preferred enbodi ment of the
present invention. As noted above, the r6thods taught herein may be
enbodied in 15 routines executed by the conputing device 202 (see FIG 1).

The nethod is.started in, st 300. .| n.st l.nput i.s. obtai ned.
This i 11 (ORIERPOBUgHHE 28y, d'af Bheg iy 1R B,

mat ched; t hiiffeceriosy fonthreé differertt lightfsabrces (DEh®Ey@idQE rape ebtminedd  maxi num
nmet ameri sm val ues (typically referred to as DE). The color to be matched

may be neasured on the spectrophotoner 206 (see FIG 1) or provided as a
file by a \NexDib/sbg33EB tHe(HetiBOBsIGHE T8 thd Goloetsadéndified dsiag themeflectanet c.

Preferably, tHhe val ues (e.q. antd fi i.qn_of the color. difference)
for three d’f"@“?%?@ﬁ? V‘fe'lﬁk‘gﬁﬁ?m%f)%gwss?%ﬁ&yﬁéw’3%%%?““2}%5 %@?5%558.t°Next I n
step 302, tphevidiephiimefica malitatibobf theelepthl afithe sarple thdt fis exnpesedtp 4 kheble to

refl ectance val ue | ong, Wi t.h d scal es.  Typi cal | f.ormul a
such as Ekﬁ?%@'”ﬁ?e‘iep[ sugPS\?ﬂ@«gS';%nng&%cgﬁé ?/r?dlnc%‘ic%q?n Wt(':tﬁg %Sfﬁ)aﬁ Rdof the
sanpl e t hatemb®dintenpaf the presemt inabhtéont the shetpde isiaessdied aptallight nediuas o/ 12,

1/6, 1/3, \yg%?sg%% 2/ 1. In accordance with a preferred enbodinment of the

shade.

present in the sanple is classified as a |ight, nediumor deep
shade. 100 A loop is started in step 306 cycling the subsequent steps for

each materigal tha h S W shes i est.ed ' n step
308, col orﬁ?o%%s&%ie(ﬁﬁasrepg%or? %rrc(n)r]g t&%%‘e‘ ?%@eﬁtasﬁ?’? SE%FS?C%QS{%SQB gtstﬁgde are
fﬁl tect ed. IBlseuf\eislféﬂ te,r?bitahm 8 siuggested)rqclpites tmesleh 08, oloeartigngupstieatsan pod- ]E agl es
at corres u P . abric
and pr OcesSdggé;ﬂ]eoo%ghugargi?éﬁ\tcg%h?%e g@esﬁrlkﬁ%’dg%:}%a%%p Hﬁ%ggaﬁﬁé@a@ggﬁ %gt eps for
each group sefectig the aat of tablé$that corsésppndio thecaleglatadhdedtivepd tretinpuatted 310, t he

possi bl,e regi o) ' t priority colorant group, typically the
tri chr&ﬁe %%Sg‘ﬁ?brgc’réendg%r?g%%at ed using conventional color 20 matching

nmet hods using the calibration data. As set forth above, this is typically
e ot ek Bp WA h Ubrs 10 i sl BtBhi o B o GrobBBPLIGLRANS and

The first time through the loop, at step 310, the possible recipes for highest priority
colorant group, typically the trichrome group, are calculated using conventional color

20  matching methods using the calibration data. As set forth above, this is typically per-
formed by generating a list of all possible colorant combinations and iteratively
modeling the reflectance characteristics of a color produced by the colorants various
concentrations of the colorants. At this time the metamerism (DE,, DE,, and DE;) and
cost of each recipe is also calculated and stored with the matching recipes. It is pre-

25 ferable to filter out undesirable recipes using the incompatible colorants table (see
Table 16). It may also be preferable to filter out recipes displaying an unacceptable
level of metamerism. For this calculation it is acceptable to only consider DE;. In any
subsequent iteration, the remaining groups for the class, fabric, process, depth are
analyzed in group order.

30
In step 312, the remaining recipes in the group under study are sorted by cost. In step
314 the metamerism values (DE,, DE,, and DE;) are analyzed, in cost order, to deter-
mine whether any recipe from the group satisfies the user inputted metamerism condi-
tions. If, in step 314, the metamerism values for one of the recipes is less than the user

35 inputted values, the recipe is accepted as the best recipe and the loop is terminated at

this point by going to step 324 and saving the best recipe. By analyzing in cost order, if



nodel ing the refl ectance characteristics of a color produced by the
colorants various concentrations of the colorants. At this tinme the

met aner i swo(0BE$373DE2, and DE3) and cost of each recipe i ®calBes/@aiscul at ed
and stored with the matching recipes. It is pre 25 ferable to filter out
undesi rabl e reci pes using the inconpati he colorants table (see Table 16).
It may also be preferable to filter out recipes displaying an unacceptabl e
| evel of nmetanerism For this calculation it is acceptable to only consider
D, . I 'n anyho's JIROfisaREPe satTEs B MeREarSmIPR RS gD Upe ol Wb Neliersl
fabric, preestssseldapth are analyzed in group order. 30 In step 312, the
remai ni ng recipes in the group under study are sorted by cost. In step 314
the netanerismvalues (DE,, DE2, and DE3) are analyzed, in cost order, to
det er - mi nef aMFtheetecipay fro@aheeolbramtgtdu® pirganabatd savetod hightiaetetanput t ed

metamerism condi - tions. If, . in s 314, the netanmerismyval ues for qne of
the r ec# pedN§rgn). thesmethad gf’ﬁ%tousrs]%? Eggapgl]an?gjénategzc]oaégc}eﬁ 'R& a@gféfege . ga(%
accept ed asedifrefrivasiie g@up pad drdrecipes lalbop with their atjnstee dosttindexks arepadddd by
going to step,324 an ving.the best recipe.. By analyzingjn arder,

T W 031 o5 uE° Bed Priaddesnd 1be SRt chStindiy o FsoFRR B IR e

met amer i smte Eighli4; Sabsdaqaientlytderlisicis pesonet in step 3H8ast cost is selected. |If

all of the recipes fromthe colorant group being anal yzed have "too high" a

meta 5 nerism the nmethod goes to step 316 and an adjusted cost index is
cal cul a0ed Ini stepe820ha detecnipatidrr ie madesasgo ednethen therd erer &1 pers @lavant growds t hei r

2005120 ke AR e Y b o M o BRSO, U o

cost i ndex el haf ter respec Sequent |y
the |ist i aextetoramtdyroup istaaply3dd.If dtatah is fapd 32 6tep & 1dethet matchtis seledted nade

as to whether, there are any . I a5 there
re suoh oPsusEot fee iR R S ARA b S ot e (AR Mol o
group i s arizd yexedroupf whichmate addest tb thmlist whichtie theBlrdsorteldaAssamiot thad neel ect ed
as the,best_recjpe, otherw t ' : [ " I for the
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user input th‘e‘A JEt anerismvalues, the recipe wth the |owest index value is
saved as t 156 best recipe in step 322 and the list is

Once an appropriate recipe is identified, either in step 324 or step 322, the method

20 proceeds to step 326 and a check is made to determine whether the users has re-
quested an analysis for any additional material, for example cotton, nylon, polyester,
polypropylene, leather. If additional materials have been requested the method returns
to step 306 and a new material is selected. Once all materials have been analyzed, the
method goes to step 328 to determine whether the user has requested an analysis for

25 any additional colors. If additional colors have been requested, the method returns to
step 302 for obtaining additional user input, from for example a file, in the case of batch

processing, or directly from the user, in the case of interactive processing.

The method will continue to loop forming a recipe palette of colors and materials. Once

30 all colors and materials have been analyzed, the saved best recipes may be used to
create a variety of outputs in step 330. Example of useful outputs are given herein-
below. Finally, the method ends in step 332.

FIG. 4 is a flow chart of a method in accordance with a preferred embodiment of the
35 presentinvention. The method shown in FIG. 4 calculates an adjusted cost index for a

recipe that penalizes the recipe based on metamerism and grouping. Those of ordinary



cl eared. Once an appropriate recipe is identified, either in step 324 or
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material, for exanple cotton, nylon, polyester, polypropylene, |leather. If
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colorants i'n e reci rts in step 400. In step 402 a
vari able Cost is set equal to the cost of the recipe as determned in step

310 in Fl Gy ypay I%Qmﬁaﬁﬁrﬁﬁﬁé%ﬁal Sfls%@& ﬁéﬂ Q)Eih &EtiﬁZthﬁerft%glga?ﬁstEBS yhet her
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proceedsto a determnation is na X is
greater thaalue;pfrPenalta val ue set based on user input regardi ng netanmerism
If Max is greater than Iimt a penalty is assigned to the cost of the
recipe in steps 412 and 414. In step 412, a variable Penalty is set to the
i nt eger of Repardlass ofiwhethat MayMwas greater than limit, a variable Position is set equal to

the position of the group under scrutiny within the set of groups (as identified in step
20 308in FIG. 3) in step 416. Subsequently, in step 418, a variable Index is calculated by
multiplying Cost by 1.1 raised to the value of Position. The method ends in step 420.

FIG. 5 is an example of a page 500 of a recipe book that may be outputted in step 330
of FIG. 3. The page 500 presents data for two entries, Biscotti 502 and Biscuit 514.

25 Each entry is provided with a color sample, sample 504 for Biscotti and sample 516 for
Biscuit. Each entry is further provided with a reflectance table, table 506 for Biscotti and
table 516 for Biscuit, that describe the color's reflectance properties at different wave-
lengths. In the example shown in FIG. 5, the user requested recipes for three different
materials, cotton, polyester, and nylon. Accordingly, three recipes 508-512 are pro-

30 vided for Biscotti and three recipes 520-524 are provided for Biscuit. Those of ordinary
skill in the art will recognize that the page 500 could be organized by factors other than
color, such as material. By automating the production of a recipe book, a task that one

took up to a week is reduced to an afternoon or less.

35 FIG. 6is an example of a swatch 600 produced in accordance with a preferred embodi-

ment of the present invention. The swatch 600 preferably comprises a backing 302,



15 0.5 all divided by 0.5. Next in step 414, Cost is set equal to Cost
times 1.2 raised to the value of Penalty. Regardl ess of whether Max was
greater twervslogimi, a variable Position is set equal to taa/pexiitiioon of
the group under scrutiny within the set of groups (as identified in step
20 308 in FIG 3) in step 416. Subsequeri®ly, in step 418, a variable |Index
is calculated by nmultiplying Cost by 1.1 raised to the value of Position.

The nmethod ends, in ste 2 FIG _5.is e I f e 500 a
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FIG 5, gt hgv'ﬁsae@%arbtgqﬁgm ed recipes for three different materials, cotton,
pol yester, and nylon. Accordingly, three recipes 508-512 are pro 30 vided
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swat ch 600 | SE; ' ; /01119
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and sone form ot date or product line indication. On the reverse of the
backi ng 302, reflectance data 308 may be given along 5 with a recipe 310.

By cr e‘i‘?? ”fbr% E@Fr%hirﬁé{h&f &85 tﬁé’@w&@heseé’@@aﬁﬂe%{pe Bpfé RRAd the now

conbi nation desired, a retailer or distributor can sinplify the color

mat chi ng prbskieusoVopd YVide Vvep. The camputingf daviagrd2 (of otherscaferider davice a
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hours, pro-,ily using thumbnail images) of the various colors available. Using any number of

20  available CGl's the computing device can receive and process orders for the swatches
600 and recipe books. The color matching system 200 can be used to automatically
populate the data tables for such a web site, thereby achieving a level of automation

not previously available.

25 Although a few embodiments of the present invention have been shown and described,
it would be appreciated by those skilled in the art that changes may be made in these
embodiments without departing from the principles and spirit of the invention, the scope
of which is defined in the claims and their equivalents.

30



duci ng superior results conpared to the known met hods which can require
weeks and nonths. 15 One preferred nethod of delivery for the swatches 600
and reci p@omsok¥3ss via the now ubiquitous Wrld Wde WelrCcTlBes/@orput i ng
device 202 (or other conputer device such as any nunber of servers

provi ded by SUN M CROSYSTEMS) can be us@l to store and serve WA pages,
typically formatted in HTM., providing a catalog (typi- cally using

t hunbnai | Egﬁﬂgﬁg of the various colors available. Using any nunber of 20
avai l abl e he conputing device can receive and process orders for the
swat ches 600 and reci pe books. The col or matching system 200 can be used
to automatically populate the data tables for such a web site, thereby
achieving a | evel of automation not previously available. 25 Although a

f ew enbodi nent A adlortrhatcping sgstemicowmnisingn have been shown and described, it

woul d be appreci ated th L I N r es..nay be nmade
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the possible recip e@ﬂ%l?é?né}&nfoftﬁgiréﬁpecos'[ and a calcu- |ated netanerism
mat c

of the recipe. 2. € col or hi'ng system as set forth in claiml,
wherein the conputing device 15 conprises: - a CPU, and - a programthat
causes the CPU to execute the follow ng actions:

2.  The color matching system, as set forth in claim 1, wherein the computing device
15 comprises:
- a CPU; and
- a program that causes the CPU to execute the following actions:
- receive reflectance data for the desired color;
- determine a shade of the desired color;
20 - identifies a group in the database based the shade of the desired
color,
- creates a plurality of recipes using the colorants in the color group;
- determines a metric for the created recipes based on recipe cost and
recipe metamerism; and
25 - identifies one of the created recipe as a best recipe based on the

metric.

3.  The color matching system, as set forth in claim 1, wherein the computing device
30 identifies at least a first recipe for use with a first material and a second recipe for

use with a second material.

4.  The color matching system, as set forth in claim 1, further comprising:
- a printer; and

35 - wherein the computing device causes the printer to output the best recipe.



- receive reflectance data for the desired color; - determ ne a shade of
the desired color; 20 - identifies a group in the database based the shade
of the dewproa@s37ze®dl or; - creates a plurality of recipes ucmgBodEimol orants
in the color group; - determines a netric for the created reci pes based on
reci pe cost and recipe netanerism and235 - identifies one of the created
reci pe as a best recipe based on the netric. 3. The color matching system
as set forth in claim1, wherein the conputing device 30 identifies at

| east a first recipe for use with a first material and a second recipe for
use with a $ecdine coldtrenateling dystarheascssit forthiaclam Mg whgrsiretine campsiting deviden i n

claiml, furt h(?{]eé\(t\”ﬁgip %ttli%&% first rF88€ H fﬁ{.)t de@ﬁ'gd g‘éor foy\’g% ‘8@]6&%3 g}f%n)alllt I ng
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for the second use on the 'second materia conput i ng
devi ce furt herorganrsidty materipirdrieoler. t o out put the first, second, third and
fourth recipes organized by material or color. 10 6. The color matching
system as set forth in claim1, wherein the databases is organized into
groups l9aséd orTha colsir oratelfing systern) asrsehforthdn elain 9, wherefrethe slatabases isa  f abr i ¢

upon whi ch the g @!n‘?ie%rlﬁto g&eq% t?a%e&'%ﬁ%c %f?neocro \Aﬁﬁsafc%sgyﬁb'&lorgnt ghe

col or matchi ng system a rthlnc in the groups are
further 15 badehficapoa vetictuibechlorant imtolhe Lmeddwb@lpmcm tornéyem orant. 8. The
color matching system as set forth in claim1, wherein the conputing

device selects the best recipe by determning if any of the identified
reci pes nedts mBegolor matching system, as set forth in claim 6, wherein the groups are further

15 based on a shade that can be produced with the colorant.

8.  The color matching system, as set forth in claim 1, wherein the computing device
selects the best recipe by determining if any of the identified recipes meets meta-
merism conditions set by the user and if such recipes exists, selects the recipe

20 with the least cost.

9.  The color matching system, as set forth in claim 8, wherein if none of the identi-
fied recipes meets the metamerism conditions, the computing device selects the
best recipe by calculating an adjusted cost index and selects the recipe with the

25 best adjusted cost index as the matching recipe.

10. The color matching system, as set forth in claim 9, wherein the adjusted cost
index penalizes recipes based on a priority of the group from which the recipe is
created.

30
11.  The color matching system, as set forth in claim 9, wherein the adjusted cost

index penalizes recipes based on user inputted metamerism value.

12. The color matching system, as set forth in claim 1, wherein the computing device

35 calculates a best recipe for the desired color for each of a plurality of materials.



meri smconditions set by the user and if such recipes exists, selects the

recipe 20 with the least cost. 9. The color matching system as set forth
in claimwposaesiein if none of the identi- fied recipes nPeraBoI@E119

met aneri sm condi tions, the conputing device selects the best recipe by

cal cul ating an adjusted cost index and gelects the recipe with the 25 best
adj usted cost index as the matching recipe. 10. The col or matching system

as set fort clajm wher ein the sted. cqgs enal.i zes .reci pes
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The col or mat clthrRQlatesss Bt rédpestet afpurallty ofdeslirati eoBrs. wher ei n t he adj ust ed
cost index penalizes recipes based on user inputted netanerismvalue. 12.

The col or matching system as set forth in claim1, wherein the conputing
device 35 1aal queabors ntatdisd systedh, 8 dedforthlHie ctieﬁ i ederem the computrardevide a
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calcul ates a best recipe for a plurality of deS| red colors. 14. The col or
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of materials. débice dperatesinm atdhahodey system as set forth in claim 14,
wherein the conputing device operates in a batch node. 10 16. A col or
managenent systemfor identifying a colorant recipe for producing a
desiredoOcolier @ncaordesnagethemesystem farhdentityling a neinmpereeipe ferygroduciogpapri si ng:

- conputer process ans_for. proc I .storing
data on a storgag'r?fg%ﬁrr%rﬁnadﬁ" @tn?%ognzrﬁstﬂ cg%yﬁ‘ s 9‘?@%&339%%5‘19 %?@pui;) rom
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the desired color Q r5$ E‘%gﬁ%fﬁ’?gﬁ?{is gtlé nastﬁ?g;% ?d’@ﬁps for creating a

col orant recipe usi group of colorants
that cl osely mat Ché&tttﬂltfandétsiidemifymg @Te grnup Frem among a plurality of groups of

15 colorants that should be able to produce the desired color on the desired
medium;

- second means for creating a colorant recipe using the colorants in the
identified group of colorants that closely matches the desired color on the
desired medium;

20 - third means for determining a metric for the created recipe based on recipe
cost and recipe metamerism; and

- fourth means for identifying the created recipe as the identified colorant
recipe if the metric has a predetermined relationship with a user provided
input.

25

17. The color management system, as set forth in claim 16, further comprising:
- fifth means for storing information identifying colorants; and
- sixth means for grouping the information into groups based on the colors
30 that can be created with the colorants in each group.

18. The color management system, as set forth in claim 16, further comprising:
- fifth means for organizing a series of identified colorant recipes based on
35 the color produced by each colorant recipe and the material upon which

each colorant recipe is to be used; and



desired nmedium 20 - third neans for determning a netric for the created
reci pe based on recipe cost and recipe netanerism and - fourth nmeans for
i denti fyiwg o3loe3765 eat ed reci pe as the identified col orant pcraBdp@1is t he
metric has a predetermned relationship with a user provided input. 25 17.
The col or managenent system as set fore8 in claim16, further conprising:
- fifth neans for storing information identifying colorants; and - sixth
means for grouping the information into 0 on t.he | or 30 that
can be creat ed'vﬁtﬁ'x{]ﬁfﬂe%'bﬁ {9F BWftg'gianre@%%Bﬁﬁgﬁ%?&%g%@eéﬁ@%q %ﬁor ﬁagerrent
system as set fortdtipes.claim 16, further conprising: - fifth neans for
organi zing a series of identified colorant recipes based on 35 the color
produced by each colorant recipe and the material upon which each col orant
recipe is to be used; and WO 03/083735 PCT/1B03/01119 23 - sixth means for

printi ngf ag%ﬁ2%rfﬁ%{ﬁggéh%%{?fefeéﬁ%e%“?é@wﬁ% (fied colorant recipes. 5 19. A
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rel ati dfshi p wrt h detegriningramietiedoi thp ¢reatedreRipe basedoh errips cqst and tsicing

engi neered col or Sh?e@ﬂﬁérgsn?%ri sing: - receiving reflectance data
regardi ng a desired color; "

- identifying the created recipe as the identified colorant recipe if the metric

has a predetermined relationship with a user provided input.

15
20. A method of producing engineered color standard comprising:

- receiving reflectance data regarding a desired color;

- determining a depth of shade of the desired color;

- identifying at least one group of colorants associated with the depth of

20 shade,

- automatically identifying a single recipe using the colorants in the at least
one group of colorants that can produce the desired color on a desired
material, and

- printing the recipe.

25

21. The method of claim 20 wherein the step of printing comprises:

- printing the recipe on a card.

30
22. The method of claim 21 further comprising:

- attaching a sample of material to the card.

35 23. A method of determining a colorant recipe for each of a plurality of materials, the

method comprising:



- determining a depth of shade of the desired color; - identifying at |east
one group of colorants associated wwth the depth of 20 shade; -

aut omat i cablog/osxent i fyi ng a single recipe using the col or araBiaoititve at

| east one group of colorants that can produce the desired color on a
desired material; and - printing the r@dipe. 25 21. The nethod of claim
20 wherein the step of printing conprises: - printing the recipe on a

card. 30 22. The nethod of clai ther LSh NG54, = taching a
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reci pe for each of netgilials;ality of materials, the nethod conprising: WO
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material and the colRiaMed E&Gli&snip with a user provided input; and

10 - for each material for which a colorant recipe was identified outputting an

indication of the material and the colorant recipe.



