COLOR FORMULATI ON SELECTI ON PROCESS W TH VI SUAL DI SPLAY RELATED APPLI CATI ON
[0001] This application is a continuation-in-part application of U S

Appl i cat iwo 2blm/05i®A1 12,556 filed April 30, 2008 entit!| edT/USeé00/062291

Formul ati on Sel ection Process”, incorporated herein by reference. FIELD OF
THE |1 NVENTI ON [ 0002] This invention relates to a nethod and system for
determ ning a color fornulation for refinishing a vehicle. BACKGROUND OF
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variant formulations that are associated with the prine
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.
[0004] 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.
[0005] 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.
[0006] When a vehicle enters an auto body repair facility, an estimate for conducting the
repair is prepared. The repair work includes body work on painted components (e.g., panels or
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[0008] The presentinvention also includes a computer-implemented method of identifying a

refinish repair formulation comprising providing a computer having a database comprising

refinish paint formulations associated with color data; entering color data for a vehicle to be

repaired into the computer and searching for a refinish formulation in the database that best

matches the vehicle color data; and identifying the best match refinish formulation and a match

rating for the identified formulation.

[0009] The presentinvention further includes a computer-implemented method of repairing a

vehicle comprising providing a computer having a database comprising refinish paint

formulations associated with color data; entering color data for a vehicle to be repaired into the

computer and searching for a refinish formulation in the database that best matches the vehicle

color data; identifying the best match refinish formulation and a match rating for the identified

formulation; and performing repair work on the vehicle, the repair work comprising refinishing

the vehicle with the identified formulation, wherein the vehicle is refinished according to the

match rating for identified formulation.
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[0013] FIGS. 2A-2C are screen shots presented to the user of the present invention

conducting a chromatic search; and
[0014] FIGS. 3A-3E are screen shots presented to the user of the present invention
conducting a variant search.

DETAILED DESCRIPTION OF THE INVENTION
[0015] The presentinvention is described in relation to a method for selecting a color
formulation during refinishing of a vehicle undergoing auto body repair. Referring to the flow
chart appearing in FIG. 1, when a vehicle arrives at an auto body repair shop, an estimate of the
cost and timing for repairing the vehicle is prepared at step 10. The cost estimate is prepared in
order to provide an understanding of the scope of the work to be completed so that the vehicle
owner can decide what work should be completed or so that an insurance company may be
informed as to the cost that will be incurred during the repair process, or a combination of both.
A highly accurate estimate results in a greater accuracy of the final cost to the vehicle owner
and/or insurance company, both of which lead to satisfaction with the performance of the repair
conducted by the auto body repair facility. Once the repair estimate has been accepted (by the
vehicle owner and/or insurance company), the vehicle is processed through the repair facility.
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from the surface of the undamaged portion of a vehicle in any combination of such illumination
angles and measurement angles.

[0017] One common system for analyzing color of an object is to define the reflectance data
in a color space, such as the CIE 1976 (L*c*h*) color space that is based on tristimulas values
of color using the three primary colors (red, green, blue). The L*c*h* values represent
brightness, chroma and hue, respectively. In one embodiment, the L*¢*h* color data may be
obtained from an undamaged portion of the vehicle at a plurality of viewing angles, such as five
viewing angles in order to obtain an accurate color reading for the vehicle to be refinished.
Such viewing angles may include the aspecular angles of 15°, 25°, 45° 75° and 105° (or 110°).
These aspecular angles are not meant to be limiting as different angles and/or other quantities
of viewing angles may be employed.

[0018] The measured color data obtained via the spectrophotometer from the undamaged

portion of the vehicle are transferred to a computer. Suitable systems for transferring the
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col or cﬂgt%?n' formulations associated with the color data of the vehicle paint may be the same as or
different from the above-described database of prime and variant formulations and also may be
stored in a variety of computer systems, such as on a local computer in the auto body repair
shop or may be accessible via remote server or the like as described above.
[0021] Other criteria that may be associated with the refinish paint formulations in the
database include manufacturer (e.g. Honda), model (e.g. Accord), territory (e.g. U.S. or Europe)
year of manufacture, vehicle part (e.g. fender, door panel), vehicle identification number (VIN),
specific effect pigment (e.g. green pearl, green Xirallic™ or Paliocrom™ orange), particle size
(e.g. very fine, fine or medium), color family (e.g. red, green, beige), flop index range, finish
effect (e.g. solid, metallic, mica or combinations thereof).
[0022] In step 16, a variant search is conducted for the best match for the paint formulation
based on both the color data obtained in step 12 and the color code obtained in step 14. The
variant search may be further refined by including one or more search criteria such as model,
territory, vehicle part, year of manufacture, VIN, special effect pigment, and particle size. When
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search via route 14a). References to a matched refinish paint formulation or identified refinish
paint formulation should be understood to include one or more of such formulations unless
indicated to the contrary. The computer software contains algorithms for (1) searching one or
more databases of refinish paint formulations associated with color data or color data with color
codes in step 16 and (2) identifying the best matched refinish paint formulation in step 18. The
best match is presented to the user (e.g. repair personnel) using a numeric value termed a
"match rating". The maich rating represents a modified color difference. The software
calculates the color difference of the undamaged portion of the vehicle to the color data of the
many stored paint formulations in the database. The match rating may be multiplied by a factor
of 10, so that it may be more easily interpreted by the repair personnel (for example, so that the
number is an integer value rather than a decimal). The match rating may be calculated by
various means using published color difference equations such as CIELAB DE or CMC DE.
The color difference may be a simple average over a multiplicity of viewing angles or a weighted



the color data obtained fromthe vehicle. In a chromatic search, the
software searches the entire database of color data w thout specific regard
to the spwoizalo/sifoect pignments. However, the chromatic ®eamushooamy22be
further refined by including one or nore search criteria such as

manuf acturer, nodel, territory, year of manufacture, color famly, flop

I ndex range, finish effect, vehicle part, VIN, special effect pignent, and
particle si
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t hat aefiragredaimEyrmigation and match rating to the user, such as on a computer screen or printout
or the like. More than one best matched refinish paint formulation may be presented on the
output device. Each such best matched refinish paint formulation is presented with its
corresponding maich rating. The best matched refinish paint formulations may be presented as
a listing, such as in a table of information indicating a formulation identifier, brand code, paint
system and the like. The user selects a refinish formulation based on its match rating. While
typically the user selects the refinish formulation having the lowest (best) match rating, the user
may opt to select a refinish formulation with a higher match rating.
[0026] The output may include further details of the selected refinish paint formulation, such
as in a listing of the components and amounts or relative amounts. Optionally, as shown in step
18a in Fig. 1, the output may include a color chip of the selected refinish paint formulation as
well as a color chip corresponding to the color of the undamaged portion of the vehicle. By
color chip it is meant an on-screen display of the color of a refinish formulation, typically as a



repai nted wi thout blending. Match ratings greater than 8 but |ess than 15
may be regarded as a "bl endable" match that may require bl ending of the
pai nt frowothw/qsel being refinished to adjacent porti eas/uskomwie229ehi cl e.
These nuneric values are not nmeant to be |limting, and other confidence

| evel s for the best match may be required when the vehicle paint has a
solid color or a netallic/pearlescent color effect. The refinish
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menus are included, as shown in Fig. 3A for example, to include optional additional search

criteria of model, manufacturer, color family, year of manufacture, vehicle part, VIN, special

effect pigment, or particle size. Upon clicking the “Search” button, the user is presented with a

screen as shown in Fig. 3B, and the type of vehicle and paint color effect are selected (i.e.

“Toyota” and “Metallic/Mica”) from drop down menus. The user clicks the “Continue” button and

is presented with a screen as in Fig. 2A and selects the color data as shown. When clicking on

the “OK” button, the user is presented with a screen and window indicating the match ratings

(“MR”) of a plurality of variants (i.e. “VI/V, Prime, VI") as shown in Fig. 3C. When clicking on the

“OK” button, the user may be presented with a screen as in Fig. 3D showing that the formulation

with the lowest match rating (e.g. 10) is selected along with a color chip of the vehicle color data

(“Target Car Colour”) and a color chip of the selected formulation (“Found Match Colour”). As

with the chromatic search, the user then clicks the “Accept” button and is presented with a



accuracy of the match. The identified formulation is m xed and applied to a
test portion of the vehicle in step 20. If the applied fornmulation is
accept ablwQ 20tv@051®ai ni ng portion of the repair of the wemiusb@opseeeds as
pl anned and the vehicle is painted with the formul ati on upon conpl eti on of
the body work repair and the repair of the nmechanical/electrical systens.
[0027] Figs. 2A-2C represent conputer screen shots froman exanple of using

the nmethod of ,the t con tic, search. Since
spect PoRaCaRepER & HECEE ih BERIRd bt iREoLHR el ORBha S R 1 o) "o
readi rgmpbnents an@bthreabrobyrtet ot/ thkifeinasatiori g. 2A shows a plurality of
spectr to ter adl s of color.d t he h| hli ata ei ng
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screen shots, from an exanpl e usi n% the met hod of the esent i nvention
in coieathe il Rreadh afrﬁf‘eé@@‘?@?dqiﬂfﬁs QS&aF‘)éEP%%'éﬁ%VE‘Ae@EF #fshot of data
relating to the color code (i.e. "8K4") entered by the user. Drop down

menus are included, as shown in Fig. 3A for exanple, to include optional
additional search criteria of nodel, manufacturer, color famly, year of
manuf acture, vehicle part, VIN, special effect pignment, or particle size.
Upon clicking the "Search” button, the user is presented with a screen as
shown in Fig. 3B, and the type of vehicle and paint color effect are
selected (i.e. "Toyota" and "Metallic/Mca") fromdrop down nenus. The user
clicks the "Continue" button and is presented with a screen as in Fig. 2A
and selects the color data as shown. When clicking on the "CK" button, the
user is presented with a screen and w ndow i ndicating the match ratings
("MR') of aplurality of variants (i.e. "MI/V, Prime, MI") as shown in Fig.
3C. When clicking on the "OK" button, the user nay be presented with a
screen as in Fig. 3D showing that the fornulation with the | owest match
rating (e.g. 10) is selected along with a color chip of the vehicle color
dat a



("Target Car Colour") and a color chip of the selected fornulation ("Found
Match Colour"). As with the chromatic search, the user then clicks the
"Accept" wotoovsmyd i s presented with ascreen as shown POTHRiISQ09B&E229i t h
detailed information of the fornmulation, including a Iisting of conponents
and ot her properties of the formulation. [0029] The exanples of using the
nmet hods of the present invention described in reference to Figs. 2 and 3
are es, ich are intended to be illustrative only, since
num?‘é{n—ﬁi %B@W@&é%%ﬂ%'vari ations therein will be apparent to those
skilled in the art. [0030] It will be readily appreciated by those skilled
in the art that _nodif, catiqns b de to.the.inventian wthout
departing from thhe c&%oém@erdpﬁg%bﬁ%ﬁﬁ}oﬁé’ffJ(??PBH&nﬁ& rﬁtég'g}? fe&airon. Such
nodi f ifeadidlation camprisiogbe consi dered as included within the follow ng clains
unl ess the clains, . their | apguage, ressly.state ofherw se. .
Accordingl y. ¢ heroyitvg e Pimpulsh BHRHE e BERRE R T agh BE ! lPuprions o

i |1 ustasaddiated amthyolendatare not limting to the scope of the invention which
is to be given the full breadth of .the appended. cl ains and any and all

equi val ents. ¢ her B g el OB e g A BEFpared mtey e BBl ol errent e

met hod of i dent iseyichipgdor &tfieast sie retipdh forhmitatioh & iherdataape itrsit bgst natovesdi ng a
corrputter a%ii? nﬁl a qa_t abase conprising refinish paint formulations

associtag L FHOLMBr data: entering color data for a vehicle to be
repaired into tlpeovidingpathetch sxtiag edritngatfledst ahe refsh fomeulat@it ni sh f or mul ati on
in the database that bes tches the vehicle color data; prqvidin mat ch
ating for the. &boEing PR seaPhERR ey SR GRS By p a1
refini sh fornul aligptayirye colgr chipdefthe eclecratl édrmuéitiong; and di spl ayi ng a col or
chip of the selected formulation. 2. The nethod of claim1, wherein the

dat abase further conprises refinish paint fornulations associated with
additional critexia dbepnéteodgf cimmuf adicusiethe dmaldse flirdtar cdompyisesyrefimisiof

f | f i A . ndex. finish eff , hi.cl. ,
Ui Sl feinu Bt B adePipleryit SRS e RIS rorclrd R FRh mo RS
The myehod mdnutdctiing dolorffamtindliop daerragentinidh efiéayeanicld bart, s8N esiceidl effect

f or mul at ié)rE. AF IThige naentdhc%(rjnb?r];ati%salh@reldf wherei n the database further
conpr PSRRI AZS: '
3. The method of claim 1, further comprising displaying the selected
formulation.
4, The method of claim 1, wherein the database further comprises refinish

paint formulations associated with color data and color codes and said method further
comprises:

entering the color code for the original paint formulation of the vehicle into the
computer and searching for at least one refinish formulation in the database that best matches
the vehicle color data and vehicle color code.

5. The method of claim 1, wherein the vehicle color data comprises
reflectance data obtained from a surface of a portion of the vehicle.

6. The method of claim 5, wherein the reflectance data is obtained using a
portable spectrophotometer.
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pai nt fornul ati ons associated with color data and col or codes and said

nmet hod further conprises: entering the color code for the original paint

f or nul at iwe 20fo/ts®4vehi cl e into the conputer and sear chiPag/usesooas22beast one
refinish formulation in the database that best matches the vehicle col or
data and vehicle color code. 5. The nethod of claim1, wherein the vehicle
col or data conprises reflectance data obtained froma surface of a portion

obt ai nedl usi ng_ 4 por (X6 CRLaL v Dr Bt e Mo Rt gl B AR AT, © |

wher eipfuralitg of @éwiagtanplee. data i s obt ained at a plurality of view ng angl es.
8. The method of claim7, wherein the reflectance data is obtained at five
view ng angles. 9. The nmethod of claim7 wherein the reflectance data is
obt ai ned from i 8. um rakimethed oft dtaimsty vihaesn dfe rehiectaredel dateisadbtaingl atfiebi ty of
angles. 10. The method of claim1, wherein the database conprises custom
fornulvéﬁv\f%gn &%ociated with col or data obtained from sanpl es of the custom
formul ations. 11. The nmethod of claim 1, wherein the match rating is

numeric or visuIIy| d|c 12.. A ut er ment drrethod of
repairing a vehl%cl e b?%ﬁpd?imovwa?rﬁ& tgeé‘gc:)f%ﬁn%{] dﬂ@x)”?ﬂgtaﬁeﬂ Phbase
corrprulamngatroefdfltheséurnaae of the aehicleadt iapheralitg 9bangiéeed Wit h col or data; entering
color data for a vehicle to be repaired into the conputer; searching for at
| east one refinish fornulation in the database that best nmatches the

¥ehi cle color dlatoa ﬁ'me\the:thamgofaclaimtnhvr?eaéih ﬂ%dfambatsb&oafpribmtme éefi ni 3h
t . tl
t on 9 falgnS gt e5Rts0F ofirgSle fenadh BLMESL RIS °

performng repair work on the vehlcle t he repalr wor k corrpr|S| ng

refinishing the veh| ted or mu wherein the vehicle
is refinished acéor di H& rge}h (ﬁﬂfnct wherein he matcﬁl ratlng iS numeric orV|suaIIy
indicated or both.

12. A computer-implemented method of repairing a vehicle comprising:

providing a computer having a database comprising refinish paint formulations
associated with color data;

entering color data for a vehicle to be repaired into the computer;

searching for at least one refinish formulation in the database that best matches
the vehicle color data;

providing a match rating for the at least one refinish formulation;

selecting a best match refinish formulation having a desired match rating;

displaying a color chip of the selected formulation; and

performing repair work on the vehicle, the repair work comprising refinishing the
vehicle with the selected formulation, wherein the vehicle is refinished according to the match
rating for the selected formulation.

13.  The method of claim 12, wherein the database further comprises refinish
paint formulations associated with additional criteria comprising manufacturer, model, territory,
year of manufacture, color family, flop index range, finish effect, vehicle part, VIN, special effect
pigment, particle size, and combinations thereof.
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rating for the selected fornulation. 13. The nethod of claim 12, wherein

t he database further conprises refinish paint formulations associated with
addi ti onawoepiomsiisa conpri si ng manuf acturer, nodel, terPCTASgoIperp1 of
manuf acture, color famly, flop index range, finish effect, vehicle part,
VIN, special effect pignent, particle size, and conbi nations thereof. 14.
The nmethod of claim 12, further conprising displaying the selected

formul ation. 15., The th f. cl.ai 2. Wherein the database, furfher
conpr 1 ses refiniéh pdienpraa SRLR: Mitebfrhbithd tEnaans B R EI NG col or
codes femdilatshd met hod further conprises: entering a color code for the
original paint fornulation of the vehicle into the conputer and searching
for at |least one refinish forrmulation in the database of the conputer that
best mat ches t hd5yehiThkeenathbdof daimal 22 mdhexedmihel catabalse furthed eompitses Tafnighet hod

of claim,12 erein the vehicle | or ,data conpri,ses refl ectance data
Obt ot Ba FFmERSAS h ok Bfeoh i 1 i Rle 3oL BRA 3R A SO RRC S, " per ei
t he mabofprised:i ng is a panel match, and the vehicle is refinished w thout
bl endi ng. 18. The, nethod, of claim 12. .wherein the.mat rat.ing.is a blend
et on ond the | aTEpe st oafe i B drayd Rl Brbi RucTdGhe LRI o ol m
12, weemputer bhe sdathibhg & at ®apt orseefiaisls fopmufatiomin taé idatabases sfahe ad@guter t h
col or ,data obtajned fr sanpl of , the custom. fornul ati ons. 20. The net hod
o ol s R R e Rl T o B eI SR L ™ 2 Lo Ty i et ed on
bot h.
16. The method of claim 12, wherein the vehicle color data comprises
reflectance data obtained from a surface of the vehicle.

17. The method of claim 12, wherein the match rating is a panel match, and
the vehicle is refinished without blending.

18. The method of claim 12, wherein the match rating is a blend match, and
the vehicle is refinished with blending.

19. The method of claim 12, wherein the database comprises custom
formulations associated with color data obtained from samples of the custom formulations.

20. The method of claim 12, wherein the match rating is numeric or visually
indicated or both.
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