COWPUTER- | MPLEMENTED METHOD OF COLOR MATCHI NG A PAI NT FORMULATI ON FI ELD OF
THE | NVENTI ON [ 0001] This invention relates to a nethod and system for
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When a vehicle is designed, the vehicle paint has an original formnulation
that is specified for production, referred to as the prinme formulation for
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manuf acturing setting tends to vary. The variability can be observed both
within a single production facility when the conponents of the paint
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as a drift in paint color of vehicles manufactured at a particul ar
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production facilities mBACKEROEND OF TRIFENVENRTIONr the paint conmponents,
i ncludi ng the pignments and other colorants that are added to the paint,
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vari atjieiblegarufei@®ed at different production facilities of the same vehicle
manufacturer. Each of the production facilities may receive a different lot for the paint
components, including the pigments and other colorants that are added to the paint,
thereby imparting differences in the paint color between production facilities.
[0003] When a vehicle undergoes repair, a repair paint is applied to the vehicle, which
should match the original paint. However, due to color shifts in the original paint applied
to vehicles during manufacturing, it is difficult to match the repair paint to the original
paint. Differences between the original vehicle paint and a repair paint on the vehicle
can be perceived. The color variations of paint produced by original equipment
manufacturers are difficult to color match in the multitude of auto body repair shops that
repaint vehicles.
[0004] Vehicles typically include a series of identification tags, including a color code
that refers to the original paint formulation. Due to the paint color variation, each color
code generally corresponds to a plurality of variant formulations that are associated with
the prime formulation. Repair paint personnel must select the paint formulation from the
plurality of formulations associated with a single color code that best matches the paint

of the vehicle undergoing repair.



code generally corresponds to a plurality of variant fornulations that are
associated with the prine fornulation. Repair paint personnel nust select
t he pai ntwbapewi4sgsson fromthe plurality of fornul ati on®Cagsoavmsds with a
single color code that best matches the paint of the vehicle undergoing
repair.[0005] A typical color matching process in a repair shop occurs
several days after the repair process is initiated. Traditionally a
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dat abase for paint orrm atl1 ons associ ate he co or code;
sel ectrepgira plurality of the paint fornulations for display; (f) d| spl ayi ng
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matching a paint formulation for repairing a vehicle comprising: (a) identifying a color
code for a vehicle paint; (b) selecting a color reference chip associated with the color
code; (c) visually determining a color shift between the paint on the vehicle and the
color reference chip; (d) searching a computer database for paint formulations
associated with the color code; (e) selecting a plurality of the paint formulations for
display; (f) displaying paint images of the selected formulations at a plurality of viewing
angles; (g) identifying one of the displayed paint images that best matches the vehicle
paint while accounting for the color shift; and (h) identifying the paint formulation for the
best matched paint image.
[0007] The present invention also includes a computer product for color matching a
repair paint formulation to a vehicle paint comprising: (a) a computer-implemented color
code database, the database associating color codes with paint formulations; (b) a color
code input device configured to initiate a search in the database for the color code; (c) a
paint formulation output device configured to display paint formulations located in the
search for the color code; and (d) an image display device configured to display color
images of the paint formulations, wherein the color images are digital images of

formulation panels.



[ 0007] The present invention also includes a conputer product for col or
mat ching a repair paint fornulation to a vehicle paint conprising: (a) a
conput er -wopb@ymesssed col or code dat abase, the database &sTasp@viowizi€ol or
codes with paint formulations; (b) a color code input device configured to
initiate a search in the database for the color code; (c) a paint
formul ati on out put device configured to display paint formulations | ocated
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representation of the actual metallic pattern, texture and particle size of color effect
pigments (such as flake pigments) in the color formulation. However, this is not meant
to be limiting. The present invention may also be used with solid color formulations, not
having color effect pigments. The present invention is also applicable to displaying
color samples and selecting paint formulations in other applications, including
architectural paints, consumer products and industrial coatings which may or may not
include color effect pigments.
[0013] Referring to FIG. 1, the method of the present invention utilizes a vehicle
manufacturer color code for a vehicle undergoing repair, physical color chips that
represent color formulations for the color code, and digital photographs of known
formulations associated with the color code. By color chip it is meant physical chips
coated with particular paint formulations. In Step 10, the auto body repair shop
personnel identify the color code for the vehicle. The color code may be provided on
the vehicle, such as on a door sticker or on a plaque positioned somewhere in the
vehicle. Alternatively, the color code may be specified in color production books or
paint chip books or the like. In Step 12, the color chips for the color code, including the
prime and at least some variants are identified. In Step 14, the body shop personnel



architectural paints, consuner products and industrial coatings which may
or may not include color effect pignents. [0013] Referring to FIG 1, the
nmet hod ofwoOheoyessent i nvention utilizes a vehicl e manufPaciuse@o/o¢hor code
for a vehicle undergoing repair, physical color chips that represent color
formul ations for the color code, and digital photographs of known
formul ati ons associated with the color code. By color chip it is neant
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formul ations for that color code. Software of the color retrieval system
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variants for the color code. For each formulation, the list includes an identification code
or variant designation for the type of formulation (e.g., prime, variant or special) and a
symbol indicating the color shift direction of the formulation versus the prime color. The
color shift direction is an indication of the degree to which the color of that formulation
differs from the prime formulation, such as being greener than the prime when viewed
on flash or bluer than the prime when viewed on flop. The color shift direction may be
used by the painter to select formulations in the list that the painter believes will more
closely match the paint of the vehicle undergoing repair based on a visual assessment
of the vehicle paint, the appearance of the reference color chip at multiple viewing
angles and a determination that a particular color shift direction will help.

[0015] One or more of the prime and variant formulations are selected for display in
Step 28. In Step 30, the computer system displays images on a display device (such as
a display screen of a computer monitor) of the selected prime and variants at multiple
angles. The images of the selected prime and variants may be digital photographs of
the formulations, taken at multiple viewing angles as detailed below. At Step 32, the



di spl ayed on an out put device such as on a conputer nonitor, as a list of
the prime and variants for the color code. For each formulation, the |ist
i ncl udes W0 20eped8ysBi cat i on code or variant designati on POT/USE@90y2e4 of
formul ation (e.g., prinme, variant or special) and a synbol indicating the
color shift direction of the fornulation versus the prinme color. The col or
shift direction is an indication of the degree to which the color of that
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surface is considered to be viewed at the mid-aspecular angle or on face. Viewing the
coated surface at 15° (or 25°) from the specular angle is considered to be viewing the
coated surface at the near-specular angle or on flash. Likewise, the far-aspecular angle
or flop viewing angle is conventionally 75° (or 105° or 110°) from the specular angle of
reflection. The flash angle and the flop angle are not limited to the geometries
described herein. However, in order to directly compare the prime and variants of a
particular color code, the angle of flash and the angle of flop are consistent for all the
color photographs made for that color code.
[0017] FIG. 3 shows a schematic of how the paint images may be depicted on a color
monitor 50 according to the present invention. In the depicted embodiment, paint
images (digital photographs) of three color variants (A, B and C) are displayed in three
rows for flash 52, face 54 and flop 56. The computer software allows the user to
rearrange the order of the columns A-C of the paint images to compare the colors side-
by-side. Fig. 3 shows three columns of paint images, but this is not meant to be limiting.
A greater quantity or lesser quantity of color variants may be displayed depending on



with the color code are prepared, coated onto a substrate and phot ographed
at a plurality of viewi ng angles, optionally using a |ight source directed
at the suwon@essss a plurality of illum nation angl es. PCA/use@9/0¢3244 i m ti ng
exanple, Fig. 2 depicts the specul ar and non-specul ar angles at which |ight
reflects mhen i ght strikes a coated surface. When viewed at normal to the
surface (i.e., 45 froma specular angle), the coated surface is considered
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at once. [0018] Inmages of paint colors with special interference col or
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color code input device is provided to initiate a search in the database for the color code
via computer software, and a paint formulation output device is provided to display paint
formulations located in the search for the color code. The computer product also
includes an image display device configured to display color images of the paint
formulations (e.g. formulation panels), where the paint formulation output device and the
image display device may be the same device. The computer product of the present
invention may include a personal computer, which may be a notebook-sized portable
computer. The paint formulation output device and/or the image display device are not
particularly restricted but may be any device that can be connected to a computer and is
able to display information in color (referred to herein as a computer monitor), for
example a cathode ray tube (CRT) or a liquid crystal display (LCD) or other flat panel
display device. The image display device may include a color calibration system for
calibrating the color of displayed images relative to a standard. In addition, the present
invention is suited for use with handheld portable digital assistants (PDAs). The

computer monitor of the present invention may include a touch panel type device for



source to be nade steeper or flatter relative to the panel surface. In
order to directly conpare the prine and variants of particular col or code,
the flat wOgh@/@8888| | um nati on (such as 45) and the ste@pTAISgI0S/0af214
illumnation (such as 75 or 110) are consistent for all the color

phot ographs made for that col or code and di splayed as depicted in Fig. 4 .
Col or monitor 150 displays three color variants (A, Band Q) in two rows
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particular embodiments described in detail herein are illustrative only and are not

limiting to the scope of the invention which is to be given the full breadth of the
appended claims and any and all equivalents thereof.



color. It has been found that a gray (or other dark neutral color)
background i nproves the viewer's ability to assess the colors of the
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[ 0020] The user selects the paint inage that is the best color match to the
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expressly state ot herwi se. Accordingly, the particul ar enbodi nents

described in det@® | Hesuslly d&FQf”i”["PGsﬁ ?%!PF §@ftd?ﬂt‘9’e§'ﬁ|§‘%%'nh8f‘ the ehicky to

the s f which is to be given the full breadth of the
appeng?g@e[g é;oﬁér‘?gi;]égeg% bﬂﬁd all equivalents thereof. THE | NVENTI ON CLAI MED

|'S: 1. A conput ddy i mlearr&mmgad qoethaer datababe formpdichfongutatipas eisséciatad at i on
for rep r|n avelcle conprising: (a) identifying a color code for a
vehi cIVét Ior(cE9 Selecting a color reference chip associated with the

col or code (©) (4] SuloegieepITaner ol for dioRgigRaBokhe pai nt on the

vehi cl e and the co or reference chi searchi ng a conputer database for
pai nt for rrul ati df)s astsplaying gaiittimapee of theoselecigd;fo(reylatiensat & mpdurality of
pluralltv},/ t he paint fornmulations for display;
ing angles
(g) identifying one of the displayed paint images that best matches the
vehicle paint while accounting for the color shift; and

(h)  identifying the paint formulation for the best matched paint image.

2. The method of claim 1, further comprising identifying the color code

from information on the vehicle or a paint color reference publication.

3. The method of claim 1, wherein the selected formulations comprise

a prime formulation and variants thereof.

4. The method of claim 1, wherein said step of selecting formulations

for display comprises identifying a color shift direction for the formulations.

5. The method of claim 1, wherein the paint images of the selected

formulation are displayed adjacent each other.

6. The method of claim 1, wherein the paint images display the

selected formulations at a plurality of viewing angles and/or illumination angles.



(f) displaying paint inmages of the selected formulations at a plurality of
viewi ng angles; (g) identifying one of the displayed paint imges that best
mat ches tWe 20@i48488 pai nt whil e accounting for the col oPCTRISRa09/0d52d4 ( h)
identifying the paint fornulation for the best matched paint imge. 2. The
met hod of claim11, further conprising identifying the color code from
information on the vehicle or a paint color reference publication. 3. The
met hod of claim 1, wherein the selected formulations conprise a prine
formul ation and variants thereof. 4 . The nethod of claim 1, wherein said
step of selecting forpul ations rises identifying a color

for. dLsp|lay.co
shift direction for tHE PgMad %ftqcf%'ﬁb.& \@Le “’EP‘WBH'%Q% disRiaY (NGher ei n t he
pai Nt JoIBAES 16t Adforsehi bRl bk PENGES o aLAR oAl AfRonafledt Ner
6. The net odd?of cf‘oe?l%m 1,'5wﬁaelr)gi n the gga?ﬂt inggsjﬁgs dlﬁg%l ay tpfﬁdeEI Qe cted
f or nulcgitoiotims at a plurality of viewing angles and/or illum nation angles.?7.
The nmethod of claim5, wherein the paint imges display the selected
formul ations at a plurality of viewing angles or a plurality of

i |lum nation ang es amdekthodof ddith Vr,BsR/h@ﬁéimhétgahmn?agé@ﬂ@*eechiaplbb@d BpRNt
i mges are displayed at a far-aspecular angle. 9. A conputer product for

col or famaspeauarand®ai r paint formulation to a vehicle paint conprising:

(a) a conputer-inplenented col or code dat abase, the database associating
color codes with paint fornulations and digital inmages of the paint

formul ations; (1§ a gotemparigrommttodestbematsting auepdir bairitibinmabkoratsear ch

in the . . o
a vehicle paint comprising:

(a)  acomputer-implemented color code database, the database
associating color codes with paint formulations and digital images of the paint
formulations;

(b)  acolor code input device configured to initiate a search in the
database for the color code; and

(c) an output device configured to display paint formulations located in

the search or the color images of the paint formulations or both.

10.  The computer product of claim 9, wherein the image display device
displays each paint formulation as a set of images of a formulation panel at a plurality of

viewing angles.

11.  The computer product of claim 10, wherein the set of images are

arranged with the images for each viewing angle being adjacent each other.

12.  The computer product of claim 10, wherein the color images
comprise digital photographs of paint formulations recorded at a plurality of viewing

angle, a plurality of illumination angles or both.



dat abase for the color code; and (c) an output device configured to display
paint formulations |ocated in the search or the color inages of the paint

f or mul at iwo0ev14kes8h. 10. The conputer product of clai mP@I/Ush@v®#I214 he

i mge di splay device displays each paint formulation as a set of inages of
a formul ation panel at a plurality of viewi ng angles. 11. The conputer
product of claim 10, wherein the set of imges are arranged wth the inages

for each view ng._.angl-e bei ng adjacen ach aqther. 1 Th opput er product
of clai m 10, vharel b FECHBRUE PR of BAIP S ATe GNAar SRR EShs bf pai nt
f or nulcatiRizesrLeehpg@r atorftoR s ihY irfbrnvatfoM &8 tRnphiat fanlilatiotsi ty of

illum nation angles or both.13. The conputer product of claim9, wherein
t he out put device conprises a conputer nonitor displaying information on

the paint formulgtions, . pr.educt i erein the
i nformation corrp@'r se%o%?%%?gﬂ&%ﬁ ?Lﬂrﬁgg %,er@hrtﬁémfg%@%@%d/ or col or
shi ft cdnieesdormdiatior iertifioatidre vapaotiype apid/6r cvlon it direbedrei n t he vari ant

type is a prime fornulation, a variant formulation, and/or a speci al
variant formul ation. 16. The conputer product of claim 10, wherein the

output device CQEpri gy rﬂb&t@Pﬁqu%"tB?Blair%«M%rﬁﬂrmé'b?ﬁ%m EQ%?Of claim
16, further conprising color calibration software tor calibrating the col or
i mage ridnes fdrengdatioon at veei adit fyhayatioey, @ed/or Bspedia vaoiaptifoemupatioduct of cl ai m
16, wherein the display screens background surrounding the inmages is gray.
19. The conputer product of claim 16, wherein the sets of inmages are

rearrangeabl e ongt he Hes@dAYuef pRSJuct of claim 10, wherein the output device
comprises a display screen.

17.  The computer product of claim 16, further comprising color
calibration software for calibrating the color images displayed on the display screen.

18.  The computer product of claim 16, wherein the display screens
background surrounding the images is gray.

19.  The computer product of claim 16, wherein the sets of images are
rearrangeable on the display screen.
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