A NETHOD AND SYSTEM FOR FORMULATI NG A COLOR MATCH BACKGROUND OF THE
INVENTICN The present invention relates generally to color 5 fowftatfokes
developnent and nore particularly to reproducing a specified color. A color
is typically reproduced by finding a set of colorants and | oadi ngs that
produce a given color under all lighting conditions. Existing color 10

mat chi ng practices use a color neasuring systemto match the color of a
submtted standard (i.e., a color sanple to be nmatched), such as MIS Col or
Mat ch Software provided by MIS Colorinetrie Inc. The color neasuring
system consi sts of ‘a spectrophotoneter 15 attached to a personal conputer
wth software to control the system The color matching process consists of
readi ng the color of the standard and storing it in the conputer. The

i ndi vi dual col or matcher then d& EHOD ANDEGYOSTEM (Ot s shoul d be used 20

in the color fornula and “h'ChEﬁ@%ﬁﬁgﬂﬁﬁ%ﬁgglﬁgﬁgihﬂiifan use when
-calculating the match.' .The conputer w :

'BACKGROUND OF THE I ION
_ The present invention relates generally to color
5 formulation development and more particularly to

reproducing a specified color.

A color is typically reproduced by finding a set
of colorants and loadings that produce a given color
under all lighting conditions. Existing color

10 matching practices use a color measuring system to
match the color of a submitted standard (i.e., a color
sample to be matched), such as MTS Color Match
Software provided by MTS Colorimetrie Inc. The color
measuring system consists of a spectrophotometer

15 attached to a personal computer with software to

| control the system. The color matching process
consists of reading the color of the standard and
storing it in the computer. The individual color
matcher then decides how many colorants .should be used

20 in the color formula and which colorants the computer
can use wﬁen calculating thé match.  The computer will
then try every combination of the selected colorants
and present to the user the colorants and loadings
that matches the color the best. With this formula,

25 the color maécher will run a trial batch to see if the
formula gives the correct color. If the color is
matched, then the process is finished. However, if
the color is not'matched; then the color matcher can
use the computer to help dete;mine whicp of the

30 _;colorants to add to make thé coior CIOSe; to the -
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t hen try every conbi nati on of the selected colorants and present to the
user the colorants and | oadi ngs that ‘matches the color the best. Wth this
fprnula 25 the color matcher will run a trial batch to see if the formula
gives the correct color. If the color is matched,. then the process is
finished. However, if the color is not matched, then the col or matcher can
use the conputer to help determne which_gi.-the 30 colorants to add to
make the color closer to the standard. This is done by changi ng the
concentrations of the colorants and having the conputer calculate the

rel ative change in the color. Wth repeated calculations it becones
possible to determne if a 5 change in the concentration of the colorants
can inprove the color match. There are several drawbacks associated with
usi ng exi sting sthodamdtchlThgss§st dane Driechrahirgm Wie FRRTIRYBG Mg

col or matching g¥Stemb -biotkBAtst BR&8Chaving the computer calculate the

relative change in the color. With repeated
calculations it becomes possible to determine if a
5 . change in the concentration of the colorants can

improve the color match.

There are several drawbacks associated with using
existing color matching systems. One problem with
using existing color matching systems is that these

10 systems do not have the ability to capture and use
accumulated color matching experiences. For example,
an individual may want to use their color matching
experience and knowledge when selecting the colorants
and the number of colorants to be used in the formula.

15 Another problem with ﬁhe'existing color matching .
systems is that the computer tries every combination
of different colorants. This brute -force method of
trying every combination is intractable for large
number of colorénts, which limits its usefulness.

20 Many of the combinations tried by the brute force
method have no chance of obtaining a match and would
not be tried by an experienced color matcher. A third
problem with the existing color matching systems is
that these systems do ndt optimize the selection and

25 loading level of colorants for properties other than
color such as cost and pigment restrictions.

Therefore, in view of the above drawbacks, there
is a need for a method and system that can capture -
accumulated color matching experiences of an

30 individual color matcher and integrate them in



10 systens do not have the ability to capture and use accunul ated col or
mat chi ng experiences. For exanple, an individual my want to use their
col or mat chi ng experience and know edge when sel ecting the col orants and
t he nunber of colorants to be used in the fornula. 15 Another problemw th
the existing color matching systens is that the conputer tries every
conbi nation of different colorants. This bigute force nethod of trying every
conbination is intractable for |arge nunber of colorants, which [imts its
useful ness. 20 Many of the conbinations tried by the brute force nethod
have no chance of obtaining a match and woul d not be tried by an
experienced color matcher. A third problemw th the existing color matching
systenms is that these systens do not optimi ze the selection and 25 | oading
| evel of col or arf*S SN repled iRt G SyRfiens|tr optdinadd Ye aspradiigs gnent
restrictions. Thergfresidd dd®y of the above drawbacks, there is a need
for a nethod and systemthat can capture accunul ated col or nmat chi ng

experiences of an 30 individual colqr mtcher_and integrate themin
SUMMARY OF THE INVENTION

Thus, in accordance with the present invention,

5 there is provided a method and system for formulating
a color match from a set of previously used color
formulations. The present invention includes reading

the color spectrum of a standard. After obtaining the
color spectrum, the set of previously used color

10 formulations are searched for a set of color formulas
that approximates the color of the standard. Next, a
color formula is selected from the set of color
formulas that best matches the color of the standard.
Then a test batch made from the color formula having

15 the best match is examined for its acceptability. The
color formula from the test batch is adapted if the
formula is unacceptable. The adaptation includes at”
least one of manual adjusting color loadings of the
color formula, synthesizing a match with the color

20 standard, or searching through the set of previously
used color formulations until there is an acceptable
match. If the adapted color formula does not match

the color of the standard, then the formula is further

adapted until there is an acceptable match.

25 While the present invention will hereinafter be
described in connection with an illustrative
embodiment and method of use, it will be understood
that it is not intended to limit the invention to.this

" embodiment. Instead, it is intended to dover all

30 alternatives, modifications and eqﬁivaients as may be



exi sting color matching systenms to optimally reproduce a specified color.
SUMVARY OF THE | NVENTI ON Thus, in accordance with the present invention, 5
there is provided a nethod and systemfor fornulating a color natch froma
set of previously used color fornulations. The present invention includes
readi ng the color spectrumof a standard. After obtaining the color
spectrum the set of previously used color4k0 fornulations are searched
for a set of color formnmulas that approxi mates the col or of the standard.
Next, a color fornmula is selected fromthe set of color fornulas that best
mat ches the color of the standard. Then a test batch nmade from the col or
formula having 15 the best match is examned for its acceptability. The
color formula fromthe test batch _is adapted if the formnul

.. ba i s
unaccept abl e. ThénﬁaﬂﬁﬁétM@ﬁh%ﬂﬂQR&SS%&r}Ea§9d0ﬁ§QHerﬁiuaheaQQiﬁqqﬁ
col or I oadi ngs ofnt&€tion as defined by the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram describing a case-based

5 reasoning process used in the present invention;

FIG. 2 is a diagram illustrating the system used

in the present invention;

FIG. 3 is a flow chart illustrating the operation

of the present invention;

10 FIG. 4 is an illustration of a computer screen

generated by the present invention;

FIG. 5 is an illustration of a computer screen
showing updated match lab and match spectra windows;

FIG. 6 is an illustration of a computer screen

15 showing a match description window;

FIG. 7 is an illustration of ‘a computer screen |,

showing a match weighting factors window;

FIG. 8 is an illustration of a computer screen

showing updates of the main screen window. of FIG. 4;

20 ' FIG. 9 is an illustration of a computer screen

showing a manual formula development window; and

- FIG. 10 is an illustration of a computer screen

showing & synthesize color formula window.

DETATLED DESCRIPTION OF THE
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color formula, synthesizing a match with the color 20 standard, or
searching through the set of previously used color fornulations until
is an acceptable match. If the adapted col or fornmula does not match th
color of the standard, then the fornmula is further adapted until there
an acceptable match. 25 _ Whil e the present invention wll hereinafter
be described in connection with an illust+8tive enbodi ment and met hod of
use, it wll
to this enbodi ment. Instead, it is intended to cover all 30
al ternatives,
within the spirit and scope of the present invention as defined by the
appended cl ai nrs. BRI EF DESCRI PTIQN OF THE DRAWNGS FIG 1_is a bl ock
di agr am descri bi ng a S RURENY Soverdon ferprdates asealrs maEChr bye

i nvention;
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be understood that it is not intended to limit the invent

nodi fications and equi val ents as may be -4- included

using case-based reasoning principles. Case-based
reasoning is a well known computer science methodology
that has been used in a wide range of applications.
The basic idea of case-based reasoning is to solve new
problems by adapting solutions that were used to solve
similar problems in the past. Storing decisions that
were made in the past removes the need of creating new
solutions from basic principles. A block diagram
describing the case-based reasoning process of the
present invention is shown in FIG. 1. At 10, a color
standard made from a material such as plastic, paper,
cloth, ceramic, or the like, having a new color is
received. The standard is the color sample to.be
matched. Given the color, the present invention
searches a historical case-database at 12 containing
previously run matches having varying colors to
identify cases which may provide the closest match to
the desired color. The present invention then adapts
the colorant loadings (i.e., pigments) of the closest
cases at 14 to provide a better match with the desired
color. The adaptation takes into account factors such
as a spectral curve match, absolute loading level,
opacity, adjustability, metamerism, grade-colorant
loading restrictions, etc. The present invention then
saves the adapted color formulation at 16 and outputs
the color formula with the highest probability of

success to a user at 18.

FIG. 2 is a diagram ‘illustrating a system 20 used
in the present invention. The system includes a

processor 22 such as a personal computer having a

80386 processor or higher. In the preferred -
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FIG 2 is a diagramillustrating the systemused in the present invention;
FIG 3 is a flowchart illustrating the operation of the present invention;
10 FIG 4 is an illustration of a conputer screen generated by the
present invention; FIG 5 is an illustration of a conmputer screen show ng
updated match | ab and match spectra windows; FIG 6 is an illustration of a
~conputer screen 15 showi ng a natch descrigtion window, FIG 7 is an
illustration of  a conputer screen showing a natch wei ghting factors w ndow,
FIG 8 is anillustration of a conputer screen show ng updates of the main
screen wi ndowf FIG 4; 20 FIG 9 is an illustration of a conputer
screen showi ng a manual fornula devel opment w ndow;, and FIG 10 is an
illustration of a conputer screen showi ng a synthesize color fornul a

wi ndow. DETAI LEEnbESERIEPT Of OheTgEepent invention, a 486 CPRESENHZ

I NVENTI ON personal computer with 8 megabytes of RAM provides the
best results. The processor is run by application
software embodied in a hard disk 24 such as Microsoft

5 MS-DOS® version 3.1 or later version or Microsoft
Windows®. A user communicates with the processor 22
and a database 26 by a mouse or other pointing device
28 and a keyboard 30. The results are displayed on a
display 32. Connected to the processor is a

10 spectrophotometer 34 such as a MacBeth® 7000 or 2020

for reading the color of a standard.

FIG. 3 is a flow chart illustrating the operation
of the present invention. The color match process of
the present invention starts at 36 after receiving

15 information regarding the color of a standard. As
mentioned above, the illustrative embodiment of the
present invention is used to match the physical color
of a standard made from material such as plastic,
paper, cloth, ceramic, etc. More specifically, the

20 present invention can be used to formulate colors for
various types of resins and grades ;of plastic. b
Basically, the standard is placed in the
spectrophbtometer 34 and the color spectrum of the
standard is read and then sent to the processor 22.

25 Next, key information of the match such as the resin
and grade of the material in which a match is desired
is entered into the processor by using the mouse 28
and the keyboard 30 at 38. Additional information
such as the relétive importanCe'of cost, color,

30 opacity, etec. may:bé entered at 38. Next, the

" database 26 of previously used color formulatiqns is
searched at 40:for_ﬁo;mﬁlapi¢ns ;hat.Willfproﬁidé,the



The prresent invention formulates a color match by using case-based
Feasoni ng principles. Case-based reasoning is a well known conputer science
met hodol ogy that has been used in a wide range of applications. 5 The basic
| dea of case-based reasoning is to solve new probl ens by adapting sol utions
that were used to solve simlar problens in the past. Storing decisions
that were made in the past renoves the neeg_of creating new solutions from
basic principles. A block diagram 10 describing the case-based reasoning
process of the present invention is showmn in FIG 1. At 10, a color
standard made from a nmaterial such as plastic, paper, cloth, ceramc, or
the like, having a new color is received. The standard is the col or sanple
to be 15 nmatched. G ven the color, the present invention searches a

hi storical case-'Resifapreniols oawch tiongher evilouskf the sisodesdhavi ng

varying colors tdfdentdfnp1cA%Es cifdl ‘ﬁQeGE)SuErﬁ&'téﬁ tRetCheesiietRlpt tO the
deS|red color. The present Invention then adap
best match is pulled at 42 and further inspected at 44

to determine if the color of the previous match does
5 indeed provide an acceptable match. If the match is
acceptable, then the process is over. However, if the
match is unacceptable, then the color formula of the
best match is adapted at 46 so that it more closely’
matches the requested eolor of the standard that was
10 read at 36. Next, a trial run of the standard is made
at 48 using the adapted formula. The color of the
result of the trial is then read by the _
spectrophotometer at 50. Then the trial result is
further inspected at 52 to determine if the adapted
15 color does provide a match. If the new match is
| acceptable then the adapted colorant loadings are
saved into the database at 54 and the match is
finished. However, if the match is not acceptable, )
then there are three options available. First, the
20 color loadings of the adapted standard can be manually
or automatically adjusted at 56. Second, a match that
is not based on the previous match can be synthesized
at 58. Thirdly, the database 26 can be searched again
to find a different match and then repeat any
25 adaptation steps that may be necessary. After one of
the three options are performed the cycle continues
until a match is found at 52. When the end is
reached, a formula is obtained that gives the best -
color match and balance of all other important-
30 properties of the desired standard.

After present 1nvent10n has been opened by the

' processo: 22,'the dlsplay w111 generate a- computer



20 the colorant loadings (i.e., pigments) of the closest cases at 14 to
provide a better match with the desired color. The adaptation takes into
account factors such as a spectral curve match, absolute |oading |evel,
opacity, adjustability, nmetanmerism grade-colorant 25 | oading
restrictions, etc. The present invention then saves the adapted col or
formulation at 16 and outputs the color fognula with the highest
probability of success to a user at 18. FIG 2 is a diagramillustrating a
system 20 used 30 in the present invention. The systemincludes a
processor 22 such as a personal conputer having a 80386 processor or
higher. In the preferred enbodi nent of the present invention, a 486 CPU
50 MHz personal computer with 8 negabytes of RAM provi des the best results.
The processor i sscxmeny6appki pabvidesofinvditee enfoditath i dfr BIG sk -24

such as M crosofiy g cgﬁiggéieééiegﬁr5589a§ng QrmbAb Bha¥eE2i QA0E Mognosof t
bar 66. In addition, there are four windows, a match
lab window 68, a match pigments window 70, a match

5 spectra window 72, and a match evaluation wingow 74.
The match lab window 68 shows the L*a*b of the
standard that is trying to be matched. The L*a*b is a
nume:ical method of representing a color. For
example, L represents how light to dark a standard is,

10 while b represents how blue to yellow a standard is,
and a represents how green to red a standard is. The
three L*a*b and deltas are calculated under three
different lighting conditions. In the present
invention, a wide range of lighting conditions can be
15 specified for determining if there is a match. The
match spectra window 72 shows the spectral curve of
the standard and any trial runs that were made. The
predicted trial curve is calculated from knowledge of
the absorption and scattering constants of the
20 colorants while the actual trial curve is read using
the spectrophotometer 34. The match pigments windoy
70 displays the colorants and loadings for every trial
run, with the colorant names set forth in the leftmost
column. Every other column contains a different trial
25 at matching the standard. The match evaluation window

74 describes various attributes for each trial run.

After starting the present invention, the
spectral curve of the standard to be matched is
measured with the spectrophotometer 34. Typically,

30-“ tﬁe standard is placed over the Spectropho;ometer'port
and its spectral curve is read by using the toolbar

' “icon represehtiﬁg:the,sbecﬁrophotométér,on the'toolbar,;



W ndows[err]. A user communicates with the processor 22 and a database 26
by a nouse or other pointing device 28 and a keyboard 30. The results are
di spl ayed on a display 32. Connected to the processor is a 10

spect rophot omet er 34 such as a MacBeth[err] 7000 or 2020 for reading the
color of a standard. FIG 3 is a flow chart illustrating the operation of
the present invention. The col or match progess of the present invention
starts at 36 after receiving 15 information regarding the color of a
standard. As nentioned above, the illustrative enbodi ment of the present
invention is used to match the physical color of a standard made from

mat eri al such as plastic, paper, cloth, ceramc, etc. Mre specifically,
the 20 present invention can be used to formulate colors for various types
of resins and gréfdesr dby piaingcthBagieadl lopmmans staunfhren i Ehe| seedatre t he

spect r ophot onet 4 I pest r unr bt S | Ba &€ nd
then sent to thgkgﬁééggg%égg%SE%EBaﬁbgf: kgi,%ﬁfgﬁﬁn%?ﬁﬁaﬁgmtﬁzé ngﬁ such
as the resin andepdde tdie t Fatedt eFPEFtER WNEBACY it cHS sUBES to

display the spectral curve of the standard and the
5 match lab window 68 is'also updated to show the L*a*b
values of the spectrum under the selected lighting
conditions. An example of the updated match lab and
match spectra windows is shown in FIG. 5. Note that
the match spectra window 72 displays the spectral
10 curve from 400 to 700nm for the standard read with the
spectrophotometer 34, the spectral curve that is
determined for the predicted trial run after
adaptation, and the actual trial results after the
test batch has been read by the spectrophotometer.

15 The next step in the matching process is to enter
the match description and characteristics for the
standard to be matched and then to search for similar -
previous color matches in the case database 26. This
step i; started by either clicking on an icon on the

20 toolbar 66 or by  selecting the get trial menu item
from the menu bar 64. Before searching the case
database 26, the user is prompted to enter a match
description and match weighting factors. An example
of a match description window 76 is shown FIG. 6. The

25 match description window 76 asks the user to enter a
description of the match being done. The next window
to appear will be a match weighting factors window 78
which is illustrated in FIG. 7. These weighting

_ factors are used to specify Ehe relative importance éf

30 the attributes of ‘the desired match. The higher the
number (or weight) the more emphasis that is given to
that'ét;ribute.- . e o o



I's entered into the processor by using the nouse 28 and the keyboard 30 at
38. Additional information such as the relative inportance of cost, color,.
30 opacity, etc. may be entered at 38. Next, the database 26 of
previously used color formulations is searched at 40 for fornul ati ons that
wi ||l provide the -7- "best" previous match to the col or of the standard.
Then a sanple of the previous match that _ppovides the best match is pulled
at 42 and further inspected at 44 to deternine if the color of the previous
mat ch does 5 indeed provide an acceptable match. If the match is
acceptabl e, then the process is over. However, if the match is
unaccept abl e, then the color formula of the best match i s adapted at 46 so
that it nore closely nmatches the requested color of the standard that was
10 read at 36. Next, Oadd itdle ref dctdmcstaukee chas bade ztad3aunsi tjpet he

adapted formil a, Thgrggﬁgg ofthghe various attributes have been
specified, the present invention searches for the best
previous matches in the case database 26. The search
5 for similar previous color matches "is done by
comparing each case in the case database with the
standard. The sum of squared differences between the
reflectance curves of the case and the standard is
calculated and given a score for the match, with a
10 smaller value being a better match. Other attributes
of the match (cost, optical density, color shift,
adjustability) are determined from knowledge of the
colorants of the standard. The best five case matches

are then obtained.

15 These five cases are then adapted so that they
provide a better match to the standard. The cases
from the case database are not usually an exact match
for the standard so this adaptation is usually needed.
The adaptation is done by varying the colorant

20 loadings while evaluating the change in quality of the
color match as determined by a merit function that
takes 1into account factors such as curve match,
loading, metamerism, cost, optical density, color
shift, and adjustability. These modifications obey

25 any pre-specified colorant loading level restrictions
and guidelines which may have been previously set.
When the adaptations are finished the five previous
cases are sorted by their merit score.. The adapted
match with the best merit score is suggested as the

30 ' best match to examlne in further detail. :



result: of the trial is then read by the spectrophotometer at 50. Then the
trial result is further inspected at 52 to determne if the adapted 15
col or does provide a match. If the new match is acceptable then the adapted
. colorant |oadings are saved into the database at 54 and the match is
finished. However, if the match is not acceptable, then there are three
options . available. First, the 20 color loaflings of the adapted standard
can be manual ly or automatically adjusted at 56. Second, a match that is
not based on the previous match can be synthesized at 58. Thirdly, the

dat abase 26 can be searched again to find a different match and then repeat
any 25 adaptation steps that may be necessary. After one of the three
options are performed the cycle continues until a match is found at 52.
Wien the end is reachdftex fdrenirest smabehi aed fommd.gi tlee matnbeswressl or

mat ch and bal ancg;ahogs! agtehﬁ?damar £8nNEh3k Ehepﬁ.afcbﬁs Ohn! RSadRdid &
standard. After Eresent I nvention been opened hy the procesSor 22, the

display will gen p&t@ﬁ?%ﬁﬁ%u? rthe main screen window are shown in
: FIG. 8. The example shown in FIG. 8 illustrates a

5 suggested trial, Trial_l, and the absolute colorant
loadings in parts per hundred (pph) for a resin.
There is a set conversion factor menu item in the
options menu of menu bar 64 which allows the user to
scale the formula to any batch size. The match

10 spectra window 72 shows both the standard spectra and
the predicted trial spectra and the match lab window
68 shows the respective L*a*b values.

After the case database 26 has been searched, the
color ID of the color formula that was used as a
15 starting point to generate the suggested trial formula
is pulled along with a sample of the standard
containing this color. Then it is visually compared-
with the standard that is trying to be matched. If
the match is good enough, then this color will be
20 used. However, if the match is poor or fails one of
the application requirements, then the process
continues on with the formulation development. Once
the best possible match has been found a test batch is
then created. In the illustrative embodiment, the
25 test batch is a small sample of the plastic with the
specified colorants that is molded into a plaque or
chip. Because the predictions are based on a
particﬁlar resin and grade of material, it 1is
neceésary to create a test batch using the same resin
30 " and grade for the greatest chance of success.-



screen 62 as provided in the illustration of FIG 4. The conputer screen
contains a nenu bar 64 and a tool bar 66. In addition, there are four

wi ndows, a match | ab wi ndow 68, a match pignents wi ndow 70, a match 5
spectra w ndow 72, and a match evaluati on wi ndow 74. The match | ab w ndow
68 shows the L*a*b of the standard that is trying to be matched. The L*a*b
is a nunerical method of representing a cqgbar. - For exanple, L represents
how I ight to dark a standard is, 10 while b represents how blue to yell ow
a standard is, and a represents how green to red a standard is. The three
L*a*b and deltas are cal culated under three different |[|ighting conditions.
In the present invention, a wde range of lighting conditions can be 15
specified for detern1n|ng if there is a match. The match spectra w ndow 72
shows the spectral chiffernftheetestnbatdharithsinpeeni areatied,t Eamplas e made.

The predicted tgigh cyne | Shealidypted - § 59m know %gﬂgcgfi over the

spectrophotometer port and their spectral curve is
then read. As mentioned above, a decision is then
5 made to determine if the spectral curves and visual
match are good enough for its desired application. If
the trial is good enough, then the match is finished.
However, if the trial does not give a good enough
match, then the user has to adjust either the relative
10 ratios of the colorants or try a different set of
colorants and loadings. This is done by either
manually correcting the colorants, synthesizing new
colorants, or selecting an alternative formula by
performing a new search. All of these options are

15 accessed through the trial menu on the menu bar 64.

An example of a manual formula development window
80 is shown FIG. 9. The manual formula development
window 80 allows the user to manually change the
colorants and their 1oadingsT The processor 22 uses
20 this manually inputted formula to create a trial and
will update all of the detail windows. The manual
formula development window comprises options such as a
color match, color correct, and optimize. All three
of these use a least squares fitting procedure to
25 change the colorant loadings to match the standard
spectral curve. The least squares proéedure can be
customized to obey user inputted ranges by clicking on
the fix boxes. For example, colorant R814 has its fix
box selected (shown by a cross in the box next to the
30 loading of 0.453 in FIG. 9). When ‘the fix box is
selected the user can cause the least squares f1tt1ng

.routlne to obey ’ the-loadlng 'set point - for .this .



the absorption and scattering constants of the 20 colorants while the
actual trial curve is read using the spectrophotoneter 34. The match

pi gnents wi ndow 70 di splays the colorants and | oadings for every trial run,
with the colorant names set forth in the | eftnost colum. Every ot her
columm contains a different trial 25 at matching the standard. The match
eval uati on wi ndow 74 describes various att¥butes for each trial run. After
starting the present invention, the spectral curve of the standard to be
matched i s nmeasured with the spectrophotoneter 34. Typically, 30 the
standard is placed over the spectrophotoneter port and its spectral curve
Is read by using the tool bar icon representing the spectrophotoneter on the

Do o el e REHSACL SR AU L SRS LRI
72 is updated tdhe specified set point loading value. For the
colorant R814, the set point is 0.453 and it is
requested that the loading be equal to this set point
5 when least squares fitting the formula loadings to fit
the standard spectral curve. The three functions color
match, color correct, and optimize each have a
different mode of operation. For instance, color
match allows the absolute loadings of the colorants to
10 be changed, color correct is a quick way of telling
the system to keep the total loading of colorant
constant but allow the colorant ratios to change,
while optimize is a quick way of telling the system 20
to keep all the ratios of the colorants constant but
15 to find the best total loading of colorants.

As mentioned above, another altgrnative is to
search the case database again 26 since there can be
multiple historical matches in the database that could
be used as good starting points'for the color match.

20 If the historical match that is rated best by the
present invention as a starting point does not lead te
an acceptable solution for some reason, then the user
can try the next best historical match as a starting
point. Typically, this can be accomplished by using a

25 toolbar icon on the toolbar 66 or selecting the trial
menu from the menu bar 64.

Another method of obtaining a match is to
synthesize pne-from scratch using any of the colorants
in the database. -The synthesize method is used if the

' 30 previous matches found in the database are not

sati’sf_actdr_y. An example of a. synthesize color



di spl ay the spectral curve of the standard and the 5 match |ab w ndow 68
I's also updated to show the L*a*b val ues of the spectrum under the sel ected
| 1'ghting conditions. An exanple of the updated match lab and match spectra
wi ndows is shown in FIG 5. Note that the match spectra w ndow 72 displ ays
the spectral 10 curve from400 to 700nmfor the standard read with the
spectrophotoneter 34, the spectral curve-tldat is determ ned for the
predicted trial run after adaptation, and the actual trial results after
the test batch has been read by the spectrophotoneter. 15 The next
step in the matching process is to enter the match description and
characteristics for the standard to be matched and then to search for

simlar previous col or natches | the case dat.aba hi t
started by eithdPEMER H’d-n(ﬂ?"‘én cdif ofiPtHE 23 ?gg’l ba]rér éiﬁergstt’élsectl ng

éhte get tr2I6a| Mpt idemas obeéhesakaotbdr 64he mBefc‘tme &> aemaibhgst hbecase
wel ght 1 ng-f act onSHn Cox AT EoBE 28, phcore ReRPRhe st EihBk 8 1o RE "

FIG 6. The- example, the colorant comblnatlons that are most

5 1likely to provide a match, based on a statistical

analysis of previous matches, are searched first and

the search is stopped when it satisfies the criteria

specified by the color matcher. This routine can be

called over and over again since it considers the most

10 probable combinations of colorants first. Each time

this routine is called the current search level will

be incremented by some integer value which the system

uses to determine how deep into the search to begin

at. Each possible trial formula is scored by a merit

15 function that returns a value which represents the

quality of the match, with the smaller values being a

better match. A merit score of less than 5 is an

excellent match, while one of greater than 5 but less

than 25 is a good match, and one that has a merit

20 score greater than 25 is an average match. The top

portion of the synthesize color formula window. 82

allows the user to stop the calculation when an

excellent, good, or average match is found or when a

set number of trials have been evaluated. When a

25 match is approved, that match is stored in the case

database so that it can be used as a previous case for

a future match. This allows the formulation system 20

. to learn new matches and grow as time goes by.

Through-thé use .of the present invention, the
30 following benefits -are obtained. First, a more
consistent product behavior is attained by

'-standardlzlng the formulatlon process and baslng the'



25 match description window 76 asks the user to enter a description of the
mat ch bei ng done. The next wi ndow to appear will be a match wei ghting
factors window 78 which is illustrated in FIG 7. These wei ghting factors
are used to specify the relative inportance of 30 the attributes of the
desired match. The hi gher the nunber (or weight) the nore enphasis that is
given to that attribute. - 10- Once thegeflectance curve has been read
and the inportance of the various attributes have been specified, the
present invention searches for the best previous nmatches in the case

dat abase 26. The search 5 for simlar previous color matches is done
by conparing each case in the case database with the standard. The sum of
squared differences between the refl ectance curves of the case and the
standard is cal didmatetlagidngi ven predocé fbhistheynat ctffeqpnd, a better

product quality and lower manufacturing costs are
attained through improved formulations (e.g.,
optimizing colorant loading for desired product

5 properties). Third, product devea.opment time is
decreased by reducing the number of adjustments and
trials during the formulation process.

It is therefore apparent that there has been
provided in accordance with the present invention, a

10 method and system for formulating a color match that
fully satisfy the aims and advantages and objectives
hereinbefore set forth. The invention has been
described with reference to several embodiments,
however, it will be appreciated that wvariations and

15 'modifica:tions can be effected by a person of ordinéry
skill in the art without departing from the scope of

the invention.



10 spmller value being a better match. Ot her attributes of the match

(cost, optical density, color shift, adjustability) are det EMIE@“L“I!BM‘U“'
know edge of the colaerants of the standard. The best fivec i .

t hen obtai ned. 15 These five cases are then adapted so that ﬁhey
provide a better match to the standard. The cases fromthe case database
are not usually an exact match for the stapgard so this adaptation is
usual | y needed. The adaptation is done by varying the colorant 20 | oadi ngs
whil e evaluating the change in quality of the color match as determ ned by
a nmerit function that takes into account factors such as$ curve match,:

| oadi ng, netanerism cost, optical density, color shift, and adjustability.
These nodifications obey 25 any pre-specified col orant | oading |evel
restrictions andIguiMfel i nes which may have been previously set. Wen the
adaptations are finished the five previous cases are sorted by their nerit

score. The adapted meich whtBohhee DESImPREhEnEEQ fetBogUpgesSt ed as the 30
best match to examine in further detail. ) '
formulating a color match from a set of previously

used color formulations, the method comprising the

steps of:
5 reading a color spectrum of a standard;

searching the set of previously used color
formulations for a set of color formulas that

approximates the color of the standard;

determining from the set of color formulas a
10 color formula that best matches the color of the
standard;

e examining a test batch made from the color
formula having the best match and detérmining the
acceptability of the formula;

15 adapting the color formula of the test batch to
the color of the standard if the formula is ,
unacceptable, the adapting including at least one of
manual adjusting color loadings of the color formula,
synthesizing a match with the color standard, or

20 searching through the set of previously used color

formulations until there is an acceptable match;

determining if the adapted color formula matches

the color of the standard; and

. ~adapting thé adapted color formula.further until
25 there is an acceptable match with the color of the
- standard. ' '



———

After_ the best match is found, the nmain screen w ndows are u
the match. An exanple of the updates of the main screen w ndgmcg“w;immm“‘
FIG 8. The exanple shown in FIG 8 illustrates a 5 suggesteédstidal,, m s =*
Trial _1, and the absolute colorant |oadings in parts per hundred (pph) for
aresin. There is a set conversion factor nmenu itemin the options nenu of

menu bar 64 which allows the user to scaleithe fornmula to any batch size

The match 10 spectra wi ndow 72 shows both the standard spectra and the
predicted trial spectra and the match | ab wi ndow 68 shows the respective

L*a*b values. After the case database 26 has been searched, the color ID of

the color formula that was used as a 15 starting point to generate the
suggested trial fornula is pulled along with a sanple of the standard
containing this color. Then it is visually conpared with the standard that

Is trying to be matched. |f

2. A computer-implemented method according to
claim 1, further comprising the step of entering
matching requirements for obtaining the set of color

formulas that approximates the color of the standard.

5

‘3. A'computer-implemented method according to
claim 1, further comprising the step of making a
standard with the adapted color formula.

4. A computer-implemented method according to
claim 3, further comprising the step of reading the
color spectrum of the standard.

5. A computer-implemented method according to
claim 1, further comprising the step of storing the
color formula having the acceptable match with the set
of previously used color formulations.

5

6. A system for formulating a color match from
a set of previously used color formulations, the

system comprising:

a spectrophotbmeter for reading the color

5 . spectrum of a standard; and



the match i s good enough, then this color will be 20 used.
match is poor or fails one of the application requirenents, Tﬁg“j BH“" m“"l
process continues on with the formul ation devel opnment. Once

possi bl e match has been found a test batch is then created. In the

I Ilustrative enbodi ment, the 25 test batch is a small sanple of the plastic
with the specified colorants that is noLded Lnto a plaque or chip.

Because the predictions are based on a particular resin and grade of
material, it is necessary to create a test batch using the same resin 30

and grade for the greatest chance of success. -12- After the test batch
has been created, sanples fromthe physical trial are placed over the

spectrophotoneterapgéépgngﬁgggkr %geggQ%glggaxée%ecgng ﬁ%@?% £rbR

menti oned above rmne 1 e spectral
curves and vi suahe set of previously used color formulations to the

color spectrum of the standard read from the
spectrophotometer, the processor including means for
10 searching the set of previously used color
formulations for a set of color formulas that
approximates the color of the standard; means for
determining from the set of color formulas a color
formula that best matches the color of the standard;
15 - means for examining a test batch made from the color
formula having the best match and determining the
acceptability of the formula; means for adapting the
color formula of the test ‘-batch to the color of the
standard if the formula is unacceptable, the adapting
20 including at least one of manual adjusting color
loadings of the color formula, synthesizing a match
with the color standard, or searching through the set
of previously used color formulations until there is
an acceptable match; means for ascertaining if the
25 adapted color formula matches the color of the
' standard; and means for adjusting the color formula
further until there is an acceptable match with the
color of the standard.

7. A system according to claim 6, wherein the
processor further comprises means for entering

matching requirements.



mat ch. are good enough for its desired application. If the r|aI i S
enough, then the match:is finished. However, if the trial é‘fﬂll’mjllimﬂ"m “ |II|
good enough match, then the user has to adjust either the rel
ratios of the colorants or try a different set of colorants and Ioadlngs
This is done by either manually correcting the col orants, synthesizing new
colorants, or selecting an alternative fofgula by perforning a new search
Al'l of these options are 15 accessed through the trial nenu on the nenu
bar 64. An exanple of a manual formula devel opnent wi ndow 80 is shown FIG
9. The manual for.nmul a devel opnent wi ndow 80 allows the user to manually
change the colorants and their | oadings. The processor 22 uses 20 this
manual |y inputted formul a to create a trial and will update all of the
detail w ndows. Thegmanu I t o S options

| Sy %c@%‘f BngB c%fiﬁl A}%’r ?ﬁ?&h&?

s®h as a col or natch color correct ree of these use
a | east squar escbmpﬂtﬁgngr peadar éoromaslnghang"eam@@r@delarﬁh¢ oadings to

mat ch the standgpd,sRactbabrCb¥Ruldne | east squares procedure can be

9. A system according to claim 6, wherein the
processor further comprises means for storing the
color formula having'the acceptable match with the set

of previously used color formulations.



custoim zed to obey user inputted ranges by clicking on the fix boxes. For
-exanpl e, colorant R814 has its fix box selected (shown by a cross in the
.box next to the 30 Iloading of 0.453 in FIG 9). Wen the fix box is

sel ected the user can cause the | east squares fitting routine to obey the
| dading set point for this -13- colorant to be equal to, greater than,
or less than the specified set point |oadong val ue. For the col orant
R814, the set point is 0.453 and it is requested that the |oading be equal
to thi's set point 5 when | east squares fitting the fornula |oadings to fit
the standard spectral curve. The three functions col or match, color
correct, and optim ze each have a different node of operation. For

i nstance, color match all ows the absol ute | oadings of the colorants to 10

be changed, color correct is axOmkeloneans! st etiinsok he systemto keep the
total |oading of col orant "~
FORMULATING A COLOR MATCH

ABSTRACT

The present invention discloses a method and
5 system for formulating a color match. In the present
invention, there is provided a method and system for
formulating a color match from a set of previously
used color formulations. The present invention
includes reading the color spectrum of a standard.
10 After obtaining the color spectrum, the set of .
previously used color formulations are searched for a
set of color formulas that approximates the color of
the standard. Next, a color formula is selected from
the set of color formulas that best matches the color
15 of the standard. Then a test batch is made with the
color formula having the best match and examined for
its acceptability. The color formula with the best
match is adapted if the formula is unacceptable. The
adaptation includes at least one of manual adjusting
20 color loadings of the color formula, synthesizing &
match with the color standard, or searching through
the set of previously used color formulations until
there is an acceptable match. If the adapted color
formula does not match the color of the standard, then
25 thé formula is further adaptéd until there is an
acceptable match.



constant but allow the colorant ratios to change, while optinize is a quick
way of telling the system 20 to keep all the ratios of the colorants
constant but 15 to find the best total |oading of colorants. As nentioned
above, another alternative is to search the case database again 26 since
there can be nultiple historical matches in the database that could be used
as good starting points for the col or ,ch. 20 |If the historical match
that is rated best by the present invention as a starting point does not

| ead to an acceptable solution for sone reason, then the user can try the
next best historical match asa startgng point. Typically, this can be
acconpl i shed by using a 25 twol bar igon on the tool bar 66 or selecting the

trial nmenu fromthe nmenu bar . Anot nmet hod of obtaining a match is to-
synt hesi ze one from scratch usi g an f t he colorants in the database.
The synthesize nethod is uped | h révi ous matches found in the
dat abase are not satisfacforg.§ |An e%? of a synthesize color
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-14- fornmula window 82 is shown in FIG 10 after this option has been
selected. The w ndow 82 enabl es the user to custom ze the synthesi zing
function. For exanple, the col orant conbinations that are nost 5 1likely
to provide a match, based on a statistical analysis of previous matches,
are searched first and the search is stopped when it satisfies the criteria
specified by the color matcher. This routine can be called over and over
again since it considers the nost 10 prgbable conbi nations of colorants
first. Each tine this routine is called the current search level will be
i ncrenented by sone integer value which the systemuses to determ ne how
deep into the search to begin at. Each possible trial forrmula is scored by
a nmerit 15 function that returns a value which represents the quality of
the match, with the smaller values being a better match. A merit score of
|l ess than 5 is an excellent match, while one of greater than 5 but |ess

26

26

A

24
.
30

FIG. 2



than 25 is a good match, and one that has a nmerit 20 score greater than 25
I s-an average match. The top portion of the synthesize color fornula w ndow
82 allows the user to stop the cal cul ati on when an excell ent, good, or
average match is found or when a set nunber of trials have been eval uated.
When a 25 match is approved, that match is stored in the case database so
that it can be used as a previous case for a future match. This allows the
fornul ation system 20 to I earn new nmatchgg and grow as time goes by.
Through the use of the present invention, the 30 follow ng benefits are

obt ai ned. First, a nore consistent product behavior 1is attained by
standardi zing the fornul ati on process and basing the -15- fornul ation on
product history. Second, better product quality and | ower nanufacturing

costs are attained through inproved fornul ations (e.g.,
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optim zing colorant |oading for desired product 5 properties). Third,
proeduct devel opnent tine is decreased by reduci ng the nunber of adjustnents
and trials during the fornulation process. It is therefore apparent that

t here has been provided in accordance with the present invention, a 10

met hod and systemfor fornulating a color match that fully satisfy the ains

and advant ages and obj ectives herei nbefore set forth.  The invention has
been described with reference to sever gnbodi ments, however, it will be
appreciated that variations and 15 nodifications can be effected by a
person of ordinary skill in the art wthout departing fromthe scope of the
I nventi on. -16- CLAIMS: 1. A conputer-inpl enmented nethod for
fornmulating a color match froma set of previously
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used color fornulations, the nethod conprising the steps of: 5

readi ng a col or spectrum of a standard; searching the set of previously
used color formulations for a set of color fornulas that approxi mtes the
color of the standard; determ ning fromthe set of color fornmulas a 10
color formula that best matches the color of the standard; exam ning a test
batch made fromthe col or formul a having the best match and determ ning the
acceptability of the formula; 15 SAapting the color formula of the
test batch to the color of the standard if the fornula is unacceptable, the
adapting including at |east one of manual adjusting color |oadings of the
color fornula, synthesizing a match with the col or standard, or 20
searching t hrough the set of previously used color forrmulations until there
is an acceptable match; determning if the adapted color formula natches

ot ﬂv\rqlﬂrA Sl

the color of t stafreer-t—afd
! Match Lab m
@ Predicted Batch|
® 10D O Trial Batch

L a b_dE
Standard 79.58 -0.69 7.29

- Pred nfa ' _ ' /
Delta n/a -
Standard 80.00 0.96 7.34
Pred n/a j’\_/ 68
Delta n/a
Standard 79.64 -1.05 7.69
- Pred n/a -
Delta. n/a_
E] Match Spectra m
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B. Match Description m
Matcher | 1

Dates 5/12/95

MatchType | ' (v] 76
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Customer
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] B
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FIG. 6
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adaptisng the adapted color formula further until 25 there is an acceptable
match with the col or of the standard. -17- 2. A conput er-i npl enent ed
nmet hod according to claim1, further conprising the step of .entering

mat chi ng requirenments for obtaining the set of color fornulas that

approxi mates the color of the standard. 5 3. A conput er-i npl ement ed

met hod according to claim1, further conprising the step of nmaking a
standard with the adapted col or formula. 4. A conput er-inpl ement ed net hod
according to claim3, further conprisin®/%he step of reading the color
spectrum of the standard. 5. A conputer-inpl enented nmet hod according to

claim1, further conprising the step of storing the color formula having
the acceptable match with the set

[E] Match Weighting Factor
Select Weighting for Each Function 78
high med low |
1 IO ® O] Maximize Curve Match
1 O ® Ol Minimize cost
1 O ® Ol Minimize Load Level
1 [0 ® O] Maximize Optical Density
1 O . ® O] High 450F to 550F Color Shift
1 IO ® O] Minimize Metamerism
Continue |

FIG. 7



of previously used color formulations. 5 6. A systemfor fornmulating a
col‘or match froma set of previously used color fornulations, the system
conprising: a spectrophotoneter for reading the color 5 spectrumof a
standard; and - 18 - a processor for forrmulating a color match fromthe
set of previously used color fornulations to the col or spectrum of the
standard read fromthe spectrophotoneter, the processor including neans for
10 searching the set of previously used color formulations for a set of
color fornulas that approximates the col© of the standard; neans for
determining fromthe set of color formulas a color fornula that best

mat ches the color of the standard; 15 neans for exam ning a test batch
made fromthe col or
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fornmuka having the best match and determining the acceptability of the
formul a; neans for adapting the color fornula of the test batch to the
color of the standard if the fornmula is unacceptable, the adapting 20
“including at | east one of manual adjusting color |oadings of the col or
formula, synthesizing a match wth the color standard, or searching through
the set of previously used color formulations until there is an acceptable
mat ch; means for ascertaining if the p adapted color fornula matches the
color of the standard; and neans for adjusting the color formula further

until there is an acceptable match with the color of the standard. 7. A
system according to claim6, wherein the processor further conprises neans
for entering matchi ng requirenents. - 19 - 8. A system according to
claim6, further S
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conpri sing rmeans for making a standard with the adapted color fornula. 9.
A system according to claim®6, wherein the processor further conprises

means for storing the color fornula having the acceptable match with the
set of previously used color fornulations. 5 '

9/9

E—] Synthesize Color Formula

82
Stop Searching When Formula With —~
OO Excellent Merit
® Good Merit

QO Average Merit

O Merit less than|25
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Current Search Level 0

Standard Black Colorant (Rcode) R034431

Standard White Colorant (Rcode) R03205
Start Cancel '
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